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e AS A (RN IF M A R TR R N e, B35
A i B AR, BR b M Cirritability) . 29 RA &
T 2 182 R 1 IS T B LR

4. EEMIEME

(] — F A AR R R BB A AR I% o A58 o A

5 (reproduction) f= A= FRAEY R LAGELE . TUAA
AR A BL B R PR O 38 4% (heredity) o 2V H A £
ol b B A A X A TR X R ) P i A 0 G 2R R
F A i I AT . K28R R E i — R R Y A
S AN LR AT A B o TGV W — Ao A X, 4 0 250K 4 S 38t
1 A 238 i 4 B DA SR ARG 338 B 4R, A A AN 3 4% B %
OHLHIZE DNA 9 3 R & . DNA JF #5744 i 3t 1% 15
B, W& DNA—RNA—H A R @1, ik AR, N
R ERER T 710

5. EKMEE

FEexEmYEbg AR, flm, Egeid
ANV W AT LT BB R S A, 2SS 2 i R AV WP
prifet, A EK”, XRFEIXYFEHRE. £Y
A K (growth ) 4 g (A PR 3 BB i I . NAED)
R E R AR, P REAE T — R
S A, T B RFENS O 4 T 2. K F (devel-
opment ) J& Fl 4= K B U AH OC i 3 B2 , 76 22 40 A 9 19 A
WS, RET - RINGHMINEER Z, AIEHA R
BRRESER ERA 2%, KH 0RO
EE R

6. 4L FNIER

AR e RS R EREAMEE,
R F AL R FARARFEA R ZE AR, &
e ERAR HE DR U IR BE P 3 TC Ak R A RO R A
BE4L (evolution , L FR K “ WAL ™) , #3K /R SCHIHE &,
2 “H BB L (descent with modification) , %
Ay AR EENEA MRS, M3 —
MY HRIFRENE BRI RXFMAEYMERAN
R AL YRR & T B TE R E IR b A AF A B B
J1o HARAEYFET PN EEMEARMEE, RO A
Bl X A %8 A ) R ) 28 R A | e — M R O A
A B AR R

T ABGR I B A T R AEYRIE, HREE S
ALK X o A= ) AR A dr W0 o 25 WX B R AE , A
i (life) REERAVE AN E ARG, AR
AR — R S B s SRR . AT LA X
SR AE S UE B — 2% H F— B A Sk 9 A [R) B e 7E R B
") B3 7 S B (virus) b o 93 i 28 F 5 A% BR ( DNA
aE RNA) AR, th T B A 52 BT R A b 75 i 3
ARG, A S AREE G . (HR Y &8 1E 3 4K,
EREEARINE, ERER(ER) RATE E 4K
P 5 B S 2 0 B R GE , i B 1 R 9 48 4 & I B



W, >K, A EZEMERXANNRERLETAEY S
FE A YK i 3 L IX IR FFAEY) o

EYIROERYE, BERAEER N ZREKRH
HWARGE , BT ERRBERET -TRKZE. &
AN AHBBERBR—ITFFHH R, X &LEK
YRS T MMAR A CHE R ORE K
FhRE R ESREMEYE(E1.1),

B
(éﬁm¢mﬁ¢m9
1

T
(7 ¥ 7 B 2 )

SHESE

1.1 HER B Y R SUERIE S — A 2R S RS

L2 AmRRE—AEZRRHAHESE I8

A& (individual ) Z7E [ 28 5 B 7 A7 75 B9 A 1)
A B, T B AR RILFEY . E— KX, —
HEE3Z BFH ) [R] B0 S, 49 )8R B¥ (population) , — 4>
YRl LA Z R, BN A AR EAR R . FrF
Z 18], F T 2 B A A, TR 22
AR S , L rh — SUFh B ] BB & J 1 i, £L 28 78 B
IR o AT R R ) A A B B | B A LA
B AL, FE— DX, A AT BE R A — P Fh i F
B MRINFAEZ VR BT, £—E=RE, L/
A= W) Rh R B4 B R FR O HE P8 (community) o BF I A2
EEYREIBEILA & o A 16 7 R — B¥ 9% b R R 4 #h F
HEZ 18] AH L 24 SOAH AR T o V& L2 45 A 4 Rl o 1t
4 b PRI I 0 B E R A M. R IR FE B PR R AT
oo BATARERE S AE A 52 iy 75 J 2 Hh B 7 O A 499 ) 4
AR, FERTL =M YN 2 B A] AT o B R e R 7
— %€ FX) 23 (8] P9 A 49 o3 AR A W AR 4 5 AR RO 3h AN
10y JER R A A SR L A R S A B ) 249 9 A 25 R 4 (eco-
system) o HIEK EAFEZRRAVMIEE RS, BEGHK
AIRBBH AR — A SR G, K H L8RS R ARG — AR
BRE, —MNIMPRERE - NMESRE. E5RE
JEHLERR T A IR IEA BN, HER E TR ARG
KEFIHR A P8 (biosphere ) , E LR BRI A B RS

FATAT LAGRSE AN A, B LR 325 5 A
LUTB&ANZEW e AT LR h— > 40 3 B 4 AR, ]
VAe 2440 B 4 e AT AR — N S A 9 2 4
MR, EZHMBAEYETEHEN - ERERE R
i, EEARE 6 EHHHBIAKELATLSGH 11 AR
Gt (system) o B A T AH KA H (organ) ZH )i ) fE
SEIAFE NRER) RGE . Bl 22 R 52 vh i 5 B LA B 4
-5 ZAH I B R A 2 AR 2 4 (S LA 6. 101) o
ZAGHNER AT RS E S RLE, EENhiE—B0E
W, RREMEREN - EERE (S LA
13.11) o 7E BB MBI R, 7T LAE B e 2l #
Zo O S (P 22T ) A0 o 22 0 M AR ST A A 4 B 5 4 i
AL R M 4, X B R A 41, 4D (tissue) 2
— P LR 4 M 45 AR R 69 40 MR, AR R R T M2 4
g B4 RS A NS

B F 2T (S WA 13. 1), AT EE ik B 4= Yy i
A A AN —— A M . 76 2 40 M A W b A R
ZEZAFRBN AN, EN& A AR ERIZEMIE,
NEAG—M G LLsh Y48 i b 6, & i & sh
T 2 0 PR T, R O SR o SR P O A i, R A A A




4 1 S AEYMRSEYF

£ B (0 40 i 28 (organelle) , QA% (ZRBLAR | P9 5T R A% 6
Tk BEA EREARE (S UE3.4), BT
#A E O E I RE. B an, 22K = 40 i 17 P %
YEF 35 B, 2 4 i i 3 1 3

FE 40 A A A0 S T, FRATE 7AW R R T
BJe— MRS EEWRR, 54 FER. EWikmik
ERAARREF A GMYERZLAE T, ERTHZFANL
&Y, 5 9 =A% 8RR A RS 49 K 43 T (biomacro-
molecule) , FIANAZ AR , B f1H A X 4+ B B AR K, HEFR
N HRF AN FREREKOLEY. ENMHIFL
/N ARG T IR FE A A T B R A AR A R
S PR RR (DNA) B 38t 4% ) 5t , it % 15 8 9 4w A5 72
DNA K& % 1 B i HES T L .

TE AW K 4 F B A 2 R G % 22 1 B 2 9 3 , i
A LA ) A0 S e, 48] 20w LM 43 ] R E {3 R, AR
ARgGm FEMBIHER,FE, HEMNCEAR T4
YHRT . BT W, A9 7 4H 2 0O Y 4SS E R
B — e R B, XA B € T A W ot
FEAT RN

EYRBA NN Z R, YR EE R
KOFEILE T XA BERR E, FRAEY, B X
YR T LS E Ak,

B g e SR EHEAE TR AN,
{B [7]—~ 22 FR A1 AT BB A & 29 Fb, 1 (6] — A~ P b AT
B 22K, A Y12 R ST 48— i HE Il 7Y
4 . 18 {20 Fi LAl B 2% ZZ K245 (Carl von Linne, 1707—
1778) (B 1.2) il 3T T A4 % ( binomial nomenclature) ,
AR T ZE PR IN¥EL TR TFRBA, S
AT RS BIIRATA B2 Homo sapiens , Homo
B ANJB , sapiens = Z ) ZE L, Bt LA Homo sapiens W] L)
BFRHEN . INFEBRREMAN.

EYERE TR E N 2RI ERE
ik, B—%KI—12FKHIT (category) . H 7 4
FAK T : A (kingdom ) | [7] ( phylum) (4 (class) . H
(order) . F} (family) | J& ( genus) . Ff ( species) , 4 7
A B T A A B, AT LAAE B — B oo R 3 — A~ Bir e,
e B T — 4~ H (suborder) ; t A] LAFE 3 — B
J. BRI —ABroG, tnfE R Z 3 i — A~ # B (super-
family) . 20 43K, 76 A LA B I T — 4S80 9 By

B 1.2 HE (5] A Newman,1924)

JC : 3 (domain) . ¥, AIFTHEKMRER AN R
L. FIBANRSE,MEZ,RAMN T EER—4
FIL M HERIE AR HEFTHIITHR KR GE SR AFH A
RAGE, EREMRBEFY R R FEVRREIH TR RS

KILOR, R R BREI KB ITT. B, AT £
Pa AR R R T A IR BT L A9 v B, R BB L B 3h A 2
[ B A= ), DA TG T2 22 35 A ) 3l o0 O — 5 - A ) 5 (Plan-
tae) M1z (Animalia) . HKEEH)—HARFEEZFAN
(HARFRYG) (Systema Natura) , B fih f7 il 1T H1{ F ) A1
RANNRG . WAL Y 77 K0 A, YR
S RATER (BAEHY)) FMEIER (BRIEHEY) LB E
R 50 R WP AR AN B TE , FEAE S 2B AR W 4 i 35 X %
Gy A TR, NTTIE B T —A> 24 E)PJEK I 72 R
Gio PRARAEEAE TRERS KM 502, LLAE R 2 HE
MUAR G . T X A5k WE A L & R T 4 i 7E
TH 5V RS A B D SR R O T 2, A
Yy 10 S A T E R BTMK , PR T S 4% KR o

MiE BB LY PR, AMTEHRT — X
REPEZ M U/NEY o T — I s TS B = ) P &
ENFEAEYRRR, AW FrRUEMGH _F RS
(R 53 2 77 1, F A HE | O | A O 4 B 4 i o8 2 A i A
HLY) UL 2 A RPN AR R K 47 B BT %
MJa A sh ¥ — &5 A 3 ) 5 5 48 K 20 B0 i B AR A iE
BATEE N, B8 E B A 4B B 5 AP 7 J
LA B A — sk A Y B R, R O A 2 A BE H
TEAAE BN WA R AR X E
HAANNDTRBEE



19 it 20 3% 2 A= W) °F 2§ 5 /K (E. Haeckel ) A4,
FE X S/ ) v, A 2 T R O 5 G B ) B3 AR A
Y A IR E Y MY R R, Sh Y R AE Y R 2
(i) ) S PR AE S LR AT RE 0 o A A AR SE i ) st AR
HORHE, X HEALIE B A R R A AR AR H e A
BR 4y 22 [ XE 8L, 1886 4F 1 58 /K 5k 3 n— 4~
YR o AW R S T MR 8 A A
FIMES (B2, HE 1976 45, A ATER K EMAEY ¥
BB XN RTER.

BT 20 22 60 FAR, 43 A= W 2 A0 M TR A
HBFFE R AT A B YR B ZE O XLRA
TEE A . A OC YN M TS M R BIF ST 4R B, 40
( bacteria ) F1#5 240 B8 ( cyanobacteria) K 4 g F11 FAth A= 4
40 A R R B 22 50 BT A B B R R — S FROR
DNA 43, B A A% B, o B A HoAth B R A 48 i 4% o X
T 26 Y 1) 40 B K O A% 40 B2 ( prokaryocyte ) . 5 Z A
Xt L f At A ) #6940 D, G (A 4 | DNA 43 F (41 2R
AT H A 2 B AR, A SUZ AR, 40 i A 2 R L
4D 200 JHL % , 0 OB A | R R B R SR X R A AN L
(eukaryocyte) . M4 M 4544 & F , H 9 0O 40 L A 3h )
240 Jf0 43 AEARL , T 0 240 B 0 A0 T B A AR 22 AR K

AT H 25 R, R P 40 B L 0 A0 T AR R

AT

L

—

il () w0\

B 4=
3[R S

1.3 AR EESKESLE |5

T —EAYFREREEMELZT A FNHH S
HEGE . Hi,1967 44K FFK B (R, H. Whit-
taker) $2 tH M LR R G, h T8 — 23 2 @ AW %
HABITR A, MR Z M AT, X A= R
A=) (Monera) | Jit A= A= ) i ( Protista) | HL1H A ( Fun-
gi) a7 (Plantae) f13h %) #: ( Animalia)

o FHEY#F R (C. R. Woese) FI AR 52 i (G. E.
Fox ) 25 A% U8 A ) R LR AR 0 18 22 S 0 RO A
P37, 40 5S rRNA (16S rRNA LA K& 18S rRNA FE54E T
FO BT 5T o Al AT] A B4 3 W8 BB L P 5 B 119 16S rRNA
B 31 55 HCAth 4 0 2% 0 40 B RS () T EL AT o —
RIBVFFIE D 2 35 A A o At TR J5 % A= B 374 iR K
2K . i 4l 7 ( Archaebacteria ) 1 B 4l i ( Eubacteria ) ,
EEMR AL LR AE R MEHE R
1977 4F, Al {7 SCH AR fir 9 = 30040 K2 . Ml fiTiA
e AL R, AR B SR R AE S 4 th = Sk fk
BRER . Bedesrth =37, — O EA T B ( Bactria) |, 5 —
SCAE AW - ABAYE, 5 &0 kil
A= W) 58 ( Archaea) FIELAZ 4 Y 8 ( Eukarya) . =37 §
B PRH RAEY T RMBE R AR PR L L E
KEFH(E1.3), B 1.4 BREMER . HEEY
RN B A A R — SR AW

X¥\&emmﬁ

ﬁ\ﬁmﬁ
(Filk, 4%
Wik )

1.3 AApit il i = BE (51 A Reece, 2011) 3 B i R 40 4 A SR ARYE (RNA FEFILHI0 . 4332 91 BE R [R145 388 2R 18015 45 b 60 00k 1t
Bl AT R, A B AR T L5037, fEELBAE I, AR A 1) o D 0038 R A LR A 3h 4, B At ik 2R 28 e SR 0 M R AR



6 1 #Hw AYREEYE

(a) ELAH 5,

> FE A

()t A

2 um

> kY

B 1.4 A =5(5] 8 Reece,2011) (a) MANH ., AMHEREREMERFE MR MO EBEEY, BAES N ZA R BB b8 A FF RS H 2
A, (b) HAEY B, P24 R E B 0 R A Y A A R B R BB, I A S B R b WRAEYREEE R It
R A BRI, (o) MEAYER. MY RQFETICEERMRAEZ MR EY (BiEMY) , ENELREL I 'Y b
e fil . JUUE AR B AT 00 B 0 SR AT S S (Bl B ) L TR SO 3R o 3 SR A A DLHC A AR A R £ 0 2 A SR AR
DA A 0 R 4 R P 4 i £ B A 0 L B R Xk b A TRT B 2 A0 M A 4, PR o T s R T R S o ) & SN R IR A . B SOE TR I iR AN T

JE A A ) 53 26 LA E B RO E AT B0 BEAL R R

1.4 AWMEHFEERRE
L BR 45 O P 4

A R G R AR — 5 =5[] rh L R G F 3 60 B A AR
Yy 5 HBR 3 2Z 18] h T S W i 28 4 0 S5 10 26 0 E 4 3 3h
MR GE— k. ERAESRET, BWHAA
EIR 3 AR AR, B B B A A T E
SpENMAG, ESRETHIEEYRENERESS
RGYEIEA ) Z R EHL TR ML S W R R
BNIUE7/B:E S Y SN DI WA NN &

ERAOARY) L0 B W AN B OGS A0 T BE 2K K BH
AE , il A ME A Ok A 2= P 89 CO, MUKl iE A
. XEAFRAEYHESRERMETREYMGER.

BATRAESRGE P4 H (producer)

% BERE A4 DL R 2wz Y R B RS sh B AR
EUHEY B MEEENEY. BE
BN B ESY EEZEY Y, (B dz 5
sy, BEEEHIELENMIZHOHRIE. KBR.
T EBASIYLURMSIY IR, ENEEESR
4t i 9% 4 ( consumer)

5 K 22 B0 35 16 40 TR RN 495 L T B 43 M8 K fif il 30
B UTE R IR 8 8 B A 2% B A L 4 A A TR R 1
AV E R A SR EYMEEERIE. 405 M EE AT
RESEIE AN, MR e L LAY E Tk
HIA P T BB AFAE I, BENTAE TR EIE 1 3h ) Al
Wik, o xR e E AT . W EREE
R ALY 5% # (decomposer) 7E 4 25 R 4t h



HEREFEM, WREAEN, Y A 2R
R W) A REDE R |, A 25 R G Ak 1 BK

HBRGE T YRS Z A RO R R E R
o EATTIE R R A P R R Y6 (food chain) .
AEL ) — ) M — i M — e — g — O i T DL — R
. —MNESREPA LN EYEE, SLEYEEN
1 S R IR 45 T A £ ) M) (food web) o A 451 37.2 4
—MEBREMTATHEYN. RNTLEEY S
PRE 09 56 A FE0 BE 25, B W) W R R O R R A )
SRS LRGN, ERESRETRXFMAEYS
PG WA BAE (A S R B A R I 6E - A i & iR
) B P A K A 4 S RE RE R B, — O T, AR A
T B A I AL 2 W) T CO, K A Rl T AL M 25 A
TIEBBEY EEAYEELESRETN—FAY
S5 — MY, B BRI RS, 5H—TF
T, AR A A O 2R W) MOKR PR AR ZR BB 4, K B AR
WE Y5 T AL RE . X b o REL IR A B W M A
. AW RGN (A, 76 e A shad B2 b, A W A RE
R AR g FATT B T A2 28 R G0, AT T 1 Sh B4 i A 22

M REW AT A 2 R AR T AN WA B0k A SN Y RE
HANA . MEWL TRRERAAESRZREHRSATTH
TI(E1.5),
i b
|£> e :>/\
TTTTE
=1 smx
£ . P 4

Cc

B1.5 AERGETWYEHEAMBERAS o 47
FAR et FURDFIC AR A K RERE, b ERAEEDIKZ
(156 7S O 2 A He AL R PR [0 B PR BT . oo WY TE AL = I B
# G BRI 2 B PR

iR B B BERE = — R R s . REA 14 B
RERFEh Y, an S RE A AERE WIRE B %% . BN EA X R
XA Gr AL BT RE D 4 A, rba] ) — X K, M RE
Ao XM, LA U, W BANET R R

1.6 BigEEmEme U7

YR RKKANN R, 8 TR —5 268
AR ) S — S VO B AT e 43 T, TR B SO R
G- ENasE - aEBxd.

AR FAEY 5 — M6 AR, S8 )5 T 40 M i) &
BMAFEYFEMERE BB DX —DFHHEE.
19 4l , AR BT A 3 ) 5838 A8 ) #5802 el 40 Jf BT 4
J , 3 200 A 0B T AR A AR AR, A R A A R
Gt — 2t

S FAEY S RIRAT, BTA A W i 40 i E 2 A
[F) (2 43 A% AR R A WS A T T Y . 4 L
oA AR i R b B — A Ak 2 B R R ok T A AR A T
Mg —FEA T, A EA A RS 20 FELm
PLRKEE R 7 e M . & Fh A [R]85 9 2 B 2 eh
A R B T R R 09 7 5 BT i 1 o BT A A W 1 itk
A&y o P =2 6 4 A% BE A% R ( DNA) 2% & 2 4% b %
(RNA) ., FrA 9 DNA #2 i 4 R 9 4 A% i LA B
FR R I R K B, 2 RE AWK EEE
i DNA XU2JE 5. W& DNA K80 B MRy 51 g
EE AR KEE E RN T, — YR e
— YRR ER . EPERPRE AR EFS
A REZFR A DNA {E BMEE, EMANEY
e, 38 A4 A 7 [ SR AH [R] 8 A Y 2 ] — Rt 4%
HW, XL AT — AR F], DNA—RNA—
BARMBEREREY R NG 5, XL A
JIR b F BH BT A A= A — AN LR B OR, & RS A AR
WM Z A SO BOE N EE LR, BN EY R 2
—NEA YRR, XCLB ALY
B — N EEEX,

M A A RB R YR, A —
A BEH W 7T & BB R B — U2 19 7 B s BF Y TAF
Y. BEAEMFRM TG A - CHEZEMHE
f o X SEE KR WL (observation ) | # [i] ( question) |
B 1% ( hypothesis) il il ( prediction ) F1AG 56 (test)

FEFRFFWEIE T WA 18 B B, TN
TINR AR A BRREZZME W, X F—8F
FHE KV, HE R RAEME DA T ZB, B & B R 8
ARV 110 B0 5 53 v A BB 48 B A B9 O e R
BIBLR . 1831 4F % 1836 4F ik /K 3L W1 4% /K ( Beagle)
ST AR 5 R A Y o R 3 A R R B



8 1 4 EMRSEWY

Z—, MiCREFHLEAGREHARRS, Hl, b
1E R S 07 BE 5 ( Galapagos , BURK o B R % 5% ) it %
BT A T B

(1) Pncia it i RAEMERM AL S, B
AR W, I E 4 13 Mok, BT
LW KB RS R BB, oA 18, 4550 I K
(£ 45 #71 BE 5 ( Cape Verde) , 411 J2 K 11 8 , 145 — 2 i
A HBIFR AT S AR K B B 4 RS R ) A
S 0T TR £ 0 75 A9 T S5 0 A O 0 K L B,
S bR AR B 5 L 4 e 0 e A B L A

(2) A= 3 FE IR0 7 B 8 0 13 bt 4 , 1 B AR
AL L EL T AT W 9 K /NI 25 40 B 35 5, 49 39038 I
HHHEW(SNE?25.2),

2R S 1 ) 5 [, 4 3R 0 K 30 A 8 (A AR B
XK AT E RS S L 9 JLF S (mocking
bird )t 23 A W Rl . AN IR 5 05 1 A W0 48 % AR L, S
AHBED, BT ARG, XMEE/RXEANES Y
AR K B o 22 6 B 6 R LA A R TR R AE TR — BES
ETS T N

T M R R T . AR RS A
ol SR LSRG £ 7 R WA 40 A0 A i X B SR B N 2 SR
BORE R F i R RS R R AT AR (7 2ot 41 M B
% IR SCIA N, B T R R A B,
A AT BB 1 R D6 PR L T LA 45 b 3 o 5 L 0 R
A0 il 4 2= 40 ey T 1 4R 9 DB RS ) 95 A 0
815, SEHE AR TR AE RS (L F5 W BB IR B R A 2
6] 9 5 72 ) 5 K Bt AR 1R LM 6 288 B0 5 b, S 8 A
A5 5T WG 5 M A (O R . KR SCH B H i — A
B, IS AR S L A 22 B B W ok B — A
SRS, A — LR

204 3 JR SC R R 8t 36 17 Sk U5 A SELAR I, T LUK
BRI BE . FE R B, W60 T LUK B0 . AT %
MR B U6, FH#E B (inference ) F1ZEHE (analogy ) f 5 5,
ot A i % A B S8 2 1 0 , 9 76 ok — 25 WK B S0 1 o
R . AR 0 45 R B8 SRR B U, AT B 4R
S T 0 I 58, 02 30T 040 4 2% 5 00 S i 08 S I, & T L
1 hy 4k SRR 2 0 S B A T RE I B — R b
P, CESRAE SR B IE . AT (] A2 0 R AR B S AL b
2 WAL I SE I (9 B ATE

IXIR SCMIBRE 2 (T. H. Huxley, 1825—1895) L %%
ST T AR e bRHE 4538 A 5 A R
KPP BN ) A IR R U, T AT R M o AR A

%o W 5E/K (E. Haeckel) & t 76 26 AR AN Z I8 A
—A-rh ] ER T, B AUSR AN, I 45 3 Fof 3 DU £ A B
T —NJ@ 44 : Pithecanthropus , Bp J& A . 7E ik /R SCHF A
W BA R BAE AT LA — IR AW, AT A
WWRPE R BRI . RATA LUK X 2 F B, B R
JE AR R AR L A B 50 BT A A — Al S T,

1887 4F fiif 2% fff 1] 2% 23 8 17 L (E. Dubois ) R 6 A
R A BB R FERXACAT, XL, &
JLRBH K 100 ZEMSE 1, MEANECEWAE T 2
DA 440 TAEEZG A AKX E T IE R, Hp—&
A ANETTUMA NS R Z BB, AETF
300 £ 7 4F i AR AE K 2L 1) BT 25 B9 % (Australopithecus
afarensis) , BEA RUR MR, KA R BIPEAR o Al B9 g
BN AL T AR K 8 A — 2 8 R U fh B
ZRE B SLATAE , AU AL B K AL IR —FE LT U
B R SR TS 2 A5OSR I A S T /S D s ) 5 it B4 B
RN IBFE T BE , T AR BRI K, BR, B
R ARTEVE 22 07 T 38 2 U BR Y , ER B S AT RE At
FZETG H i, T A i 3 A g3 7 — A BB,
i fth B A 4k S8 18] A9 75 [0) AL B VR B . BRI UG, A2
G B N RIS AN RN Rl . ERXEn
AN R B %R 240 B0 15 3 500 , o i 3 [H] ok I
BAESRRIE,

A= W) Ak R — A 7 b BT s R) RO BE R A 3,
NATT R H & 4 59 25 bR T 2 AT R E . SR A
ST 0 LG T A B ) RUBE 9 kAR I 0, AT
AT DL = S 2 AR T 0 Sk 15 A 0k R ) S 56 xR
PHEATHRUE, &SR I iR AR T 4
EeR i

BRI G AET G ML &R AR T4
2, F-RAREGWMaAE T, F—RETAZK, F-
RAEHEMALT T Z R 31, & REIRKE R 5
fEUE - 7 AR 22 1] 38 1% 1 A 2 Motk A B T R pe s R
B HF () o 72T BUBC 7 i 55 0 BE R 43 8, iX 43
B TR S5 PR 2 J) A% A T M AT R . FE K AE A
FOARRIEC T REPLES & B Fo mERKIAHR, IR X
A U TE W 4, T DAV SXORE— S T < 5 2 & I 402K
BT (Aa) 4G W AL T (aa) 32, 21 46 Bi &
(Aa) AW F (a) FIBCF (A) , A A HEBE (aa) =
HEWET (o) VLG S, AR EREA —F G
B G (Aa) ,—FHAEB D (aa) . 5L PRI 3 45
BRI E—FE, B 6 Aa x Aa F1 Aa x AA 45 BE AR



— o BRULAE B — A AR T BRI

PP ETT R SEN REER,TUEF, B
B—IHEA AREEH 2GS, BHEdrkm
i S AE T AR A Aoy SE AL L B0 | B9 0 0 52 AT LA
KKK, GFEREMLRENKLRELE LK
P

RRRARE A B fE Y R A TR
e GRXE B IL e KRS A RE S F LA
BT L T R AR AL ) A o AU T B A E R K
ARG ER ARG R, AT T R —E LY
HEAith 0

EYERR Y BREFAEEVNRR, EP¥ER
AR o R BE 2 BB Y Sl 2 B 22—, A S B 2 R A
Wy W o T A R U R RO, AR 2 R S Y
BORMLEEAEY AR BN N Z — RFEY.
L) N T 96 00 59C BB R A SR 1k R SO AL T i )
WPz — o KIRSCIEAMBAY A AR EFEEIEH R A Tk
FEIRBRAE AR A BIN A AR JE R IHESh T AT 4
REWIWTIE . HAS R, BEE BUAR# 1 & &, AT
PR HBER, Y7L RB AR ME
AT T T ROR Bl R AR A B F R, B, A
KA B A B2 K F T R, AR A B 1 T R, S B
THEFHBORE — KR . KT 3 i 40 M i) 73 f ¥
(BT IS B o0 8 5 SR R B9 K &, #E3h 1 s B R R il
e it 48 MY T L B AR B T B A

20 fit42 70 4FEAQHEAE i) DNA 2 5 R B 24U
BTl Y F IR AL TOR B E AR . ERER —
BrAh I DNA (B B H) 5 A fg 40 B, O 7615 40
AR BIRE . X R BOR , A AT G B R A R A
Rl KRR A ARG R ERBE TR
Fo ANMTATLLK MR RN F A R EXE A,
EENTRA AT BB VAR, W 7 BT 1A 1E dn
B eAh A AT BE XS 38 1% 5 47 5 2 T A gk — A2 1Y
HHEIT

A W) 2 B — A T B R A B F AT LR Ak B R
AT T e B B S5 R) AL, 4> M BR Y 3K TR ER B, A b 3K

1.7 Ay SRtk mmcs 9

S

MR E R 2“8 B 4L, KA CO, H ¥k BE IE 4 (i
Mo S AW A AT R A RO BT IR T MR WS
K BE 7 A R TF T — M E A A T Z RS K
KRAHPEGH BB T8 E, RUE T A9 0 0F 10 F 5
A B R, T B XA R T A el Z a8 T, O
HRIPWEEEILERT JERT - RAZE
FE 7 ok AT A A B SRR B, PRI T R A A |
Pt K B A RE il K 22 B B A B 3k M R 2 TR b
o, A AR RU L BR 89 K AOF R it . 7 3 BROE
BLAJG  FER IR 7 AZAF By (] B, bR KR L €O, R
FEHBRYER o AR, HER A R IE VLT IR
LB A R R SUHY Bk R R4 B MR, TR iR R
CO, WEM T RE, B2 0, FERTTH MR, £ iy
TR A R0 26 A FRAEY), BRI, 5 R 2
FIFBEE MG OHY) BT EEMEM. S HF T
TR A KRR AFHEEMES N Y. Bk,
HAT R Y BRI 4 37 fCAEZ A Y 5 H IR
i IR) AR R 45 2R o B A R X T A BB ) R 2, U5 4R
TR E RAM Y MM RN AES RS, MAY
B 2R R A S R RTHR AR . XA A
KA, AT AT IR AT A F 5 G AR AR T R, B
JRARIESRG, RS BET K4, A1 35
HEBCAE WG 15K Tolk Bk (B BRE M, 3 T5 e, T LA
Ao A TR AR T 3R 98 3 A T T O B A A A ) K B
B 7 AR KRR R AL A BR R, = P R CO,
SR A I B 0 e, BRSO O A A R Y
e, XEEMNEIR . X AEFAY F KL, X LA
B RMEVER . IR ANRAT HAUGLEK, K UUTE, )5
RAEBAH
E-NRTVNTE A PR A TR A
HRARXHE N HEAFI S IR LY ZFE
PR AE S RS, BX A T 58 S A RKE K
WERRZIAGEG AR LR RS AEARERT
ZRE AR R EXD KRG — 5, ANRES
FERXAS R GE , T 2 A AE e 57 573X A 2 48 59 il 42 T B
HE A RE. NKEBEABE3h 132 A RS, XA fE
EEME IR AR, A EEIHAR, 5 AR DFE
o AR, ANTHTIE R A BRAR FE 2 | 00 2002 30 558 A 4 Y
AL Y E S AR ariE B EME, L E B
ERERIEE AL 7.
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XARPETD
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5. [EREER LR — TR B IRAE ELH 94L& 3 7

6. M AULHER b AEBRGER BT ARAEF W HEREE B LR R R %7
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2.1
2.2
2.3
2.4
2.5
2.6

JE 453§

2 40 M B AR K AT
B

fiig J3t

SO

B

2.4 B F T

2.1.

TG 3R HLAT A () A% v A 20

1 Rl ESHOLR

B & 3R o T A M LAY

AYRRABEFEHGS TARG, ZESTFPHEM—FF, R S5 24
EBBTENRRKZEPANR TS F—H LEFRAALALAGALR,
AMRFHFEXBUORS T Al oBBRIPEOR,AZAFSHEP AKX
PTFTAREREBAZIERXRSTFNARELEALGTHMHIE, WAL TR S
MaTRAK, EHERAGKPELEADRGKERAEMESN ,2-2ZAKRKEA
EA  RA KGR TR MK, KE LAWK A ZITARE R THK G %
R, REBETRAGHFK,

ERGTHAREDRABH>TFARANTARELE R, A AT A4
AR, FTEARHEAR, RRCEZAT S5 @A TH 225 K242 EH K
RUBAR T, NRERB RN,

R#dof, THEDKS THHE, T BEFTRRGEAS TAXRMNER
RADEKGERELE—mBRZAT, AT RAREDG ST,

TR AP B BE/NEF, RN, TN
(2~3) x107* em,

YR R ORI 2%k 100 2 Fp W 5 UKL
HT IR R ARG, AT R EAGE 3 AR T
RL(BRAREEAR F) B T, X 3 FiAR FREE 7
B —2REF 1SR, R (proton) \Hi, ¥ (electron) F1 ¥ ( neutron) , Jifi F 7 IE



CE N S TN N e e 1 AN Y
SHE. hFUAEEA ., BFRREEZAN0.91 x
10 % kg, TR B2 i F 19 1 800 fif, b F Y i
5 A

AR FREMPHEF, Rl DRFA— 18
FHMR . TR EF# (nucleus) , M — 4
HFnE - Eilizsh, saEEASF TEHE, &
JRFERBEENETFEE . dEFEP A2 MR
FH2 A F A 2 A F . BT IE A E i 0%
SlEFHEFERIFE - EMER., Za)EME T
HIER R R RS Z  ERNERE =,

B—F o R R F i, R ORI B AN S
HEg—FfEFh, mFRORE 2R FIREARN, X
— B HFR R R R B, R R
ELEAME2, RIETFEPAE 6 ANEF, T AHEF
FRRE6, B—MEFP, R FHEHESHE FRHHE
SRS, B R % E W REA AR,

Jo - B80FN 8, - HCHR AR (5], B b 7 8OA 8] 19 J5 AR
IR ZK (isotope) , P A B ATTHE J&] WA =& vb i 47 & AH F] .
Bk o EBRA 3 FEIALE Bk - 12,8 - 13 Fk -
14, EfE&A 6 N6 ¥ Ho FHAR,
Aralh 6.7 Fl 8, iX 3 Rk Y I 1 F BCER & 6, fH R 1
FREES R 12,13 F 14 @ HE S EZC,UC T C,
KAFAEMBR D, " C 247 99% , HAth 1% W) F % h
S, e Ry, PRt M EERM R, R
EAIEFEA SR AEZ, " C bk 5k [ A %
(radioactive isotope) ,[H  H i F#& S HITEZ, 54
BiFAfER . B ERIAL R X YR A F N B
YR MEE P A2 g, A T & A i
P R 2 ) Ak B 4 BRORE Wi, A A i S 1 B — o
S PR B T BRAE IS sl A% 4G I H ok, Bir LA RT LA A
FHCS 1 [R] 62 3R S 7S 5 b JBE 5 78 A W 1R 9 1 ok B 2
o XFEARRNFEA R R, B, EYERET
i — EALBRTE G S 1R A R ARk, N CO, BIAHY)
WL, EC LR, 450 E B E e BLA - —
=AY . HILEB T CO, %A WM a2,

TSR TR 2Rt W] TR 1 2 W . B i Xk T
99 R, AT LUK R 0 B O YR BRI, W
B A& W AE R h B B o 3R 2 W B 1
TBUS P AL & i i 20, i P A S A R 2 R LR 5
FEAEHY B AR AARTEF o A8 K it 80 R A 3 )
AT RETE LK F .

2.1 FEFHMSF 18

HAiE A H R R TR I 92 f b A —+
LM TERAELBREPAEMM., X 92 HRAFAEN
TLER 25 FEAEKITLTR ., £2 -1 8 AEKEF
DR ITTRE L EEANEPHEE, XEITEP, B,
SEMASL Y 96.3% , H PR SRER, XEHN
HARMAKBEFEEYILTEEH A, m LA bBREA
WA EETLE, AMKEK 60% ~90% &K, B &k
T 20% , 41BN A Y 4 K 4 ) S 4R 5 A B . R
RAMEBEARMEZETE, AMAALH 10% ~20% &
EEMF., 4T RABKKITEZ -4 iFE TF4E

WiEkNE KZBIEmZ .
F2-1 ANEULBEHTE
e JLE o R T Y B AR 4 B %
0 2 65.0
C i 18.5
H i 9.5
N £ 3.3
Ca 5 1.:5
P I 1.0
K A 0.4
S i 0.3
Na W 0.2
Cl & 0.2
Mg B 0.1

M IER (DT 0.01% ) W (B) , 5% (Cr) , % (Co) , 5l (Cu),
S(F) ,8L(T) 8k (Fe) , % (Mn) %1 (Mo) , i (Se) , & (Si) , )
(Sn) ,$L(V) ,#¥(Zn)

FHAE BT A A=Y s Z R TR AR AR R ) o B AR
6 B BRSSP TR EE TR RA 17 #

2.1.2 LA Prioc K4k

JEF ) 45 B AL 1 o, b A S M BT R 2
Fo BT HRER 2 /A%, R T, T
Prif e R Z . T PR TAAET AR RESR,
WA TR BT FEAR, EF e R E
WAF, RNWHE TR &L H6EH 2 181, H b
E T LA 8 AN T B A E P ROk E B R
T HfL R

VRN EEER 4 FIETRE H,C,N A0, Ef]
) 5 S J2 U AR B A SR, BT LAER AT L5 50 B9 B
RN, BRTFRA-ITHE HPRA—-1ET,E
RS AT, I LS B R R 5 5% . 8 R A



14 2 Ak s 5L

A2 Ty R R o

JEF 22 ] 6 R & A O T A B P WE 7 R BEAE
F i FHSL 8 R, it Rk OTE K. b
HA FAWS BRI,

il 4, 40 )5 A0 SRR TR AR, Y e S AR B
i, SR P S E R FRINEN — BT, T8
A>T —A B e, AR R AT — A 1 H AT Y B B T
(Na*)sWSEFME T —A e ff, Bd A —1 7
FL o] A S0 (CL7 ) o PRI A7 455 5 4 S 1 8 7 Ut
W51, W F 8 (ionic bond) . FFIE WL I 1 & W (B
4 NaCl) eyt iy . SALEH 2 — Rk, SR 48 2 th &
FEIE R A W, 7E B R B bl E LS iR e X AF
e, AW R IFAFLE D — 8 NaCl 437, B
SEMHE WG MFZ Na” 1 ClL-

A4 ( covalent bond ) J2 Hy ¥ AN J5 ¥ ] 3 FH — X
B 22 % H T A o 3 el e H A 3 A ok 1 R
s EZ AR, 3R F (molecule) . S (H,) M
ANERE A AN SR 2 — X TR B B
IR . A (0,) B AN S 36 G X EL
ENTZ B R —4 D, H e (CH,,, KRR E
B AR TS 4 AR P — R,
FrLAA 4 A, K (H,0) WA 2R+ 40 5 5 R
L —XF L, T LA A R

2.1.3 KR AN b A A i 0 R

KEAMmE P REASTHERMGERN, LEH N
KAVFZ R

B KEWMESF. KEHWADDEFM—A
U T Y, SRR L R G 3 L T R R, (B
REEAMEN R FREIMAARR. —EFH At
FHH 19 1 B FR H R 8 17 14 (electronegativity ) |, fi i H
T RO, B R GR . 7E ST (H,) 8L 5> F
(0,) ", 2 AR R J5EF i) o 67 M 58 A AR [R] , B A ) 3L
Hr BEFR A AE B2 M (nonpolar) M4 8. H % (CH,) HE)
4 AR AR AR AL iR, O Hoh CF H B9 H
ot LT BA 25 .

KorFM5 H, 0, #1 CH, K[, Hh &
JEF R AR TR, SR ITER i AR —Fb
AWsl B FM ORI EARGE 4 RIEHB T
MEEEFEGRL, WA, B FH LA AES
di—2 o X R PR O R AN B, BT R
MEF— N, —DBIE, WERB, K4S F i

W — s S R oy, M — S BT (E 2.1), #-F
Z K4S FH—uEIE, B —um i, KR — s
F ( polar molecule)

*)

B 2.1 KT HAE ({5 Campbell % ,1999)

Bk TZESE AR mE 2.2 iR, K
oy FEIRAE MR N Z M EAE . W 6 e Ay ) —
¥t (0) 55 W IE W for B9 — 3 (H) A B R 5, B i — 4~
#2555 i i —— U (hydrogen bond) o 4K 5 F 9
e (0) , AT LS 55 50 W AN 7K 435 o 4 507 T8 w4~
S A KD TR IES (H) AT 5 5 5h WA K 4 F
FRRETE RSP S HER, B KkDT
ALLGES S S 4 KT EER(E2.2) . K5
TR BN Z SO RERKSTFRAEFE
e, BRI VR A VK O A il FE i BR b A AR AR R I £
L3788

B 2.2 K41 (] S (f Campbell % ,1999)



%= WAKTFHIKSTFRANEN., FEREK
Rk 4y F 22 B A B AEER A L 10" s 3. FiF A Bk
B2l A K5 TS TR MK S T ARG &, 1
B AT FE— S, 3 4 3 J1 (cohesion force) H. T fi]
Al AR AR . K B P9 T D X A T )
10,2 F R, 7K 4 22 7 LA B M T TR AL AR o | i )
I o kR DR A A Bl A Rl T R 3 5 S I ) K
REMTBCRL b2 o K4 T 22 1 £ 0 3 o th fo K 19 6 T 3K
IR K B R T AR 3 T — 27 A WL B WA
iE B b, 5 B b /K Ok 9 B th A A9 T g 78 K T b
7.

500, K 43 T 22 1) B 1 K BB 28 AN R 10 28
fho IR K R E F 8. XRE MK ST
6] A5 0B , B4 B 0 201 S5 0 A SR IR A RE K 4 T B
FHigtese WEAS EF. BT RERE EFHLE,
KBRS W AE R Z B R, M, KR HII, X
S R 2 I R, X R 4 A A Bl R L R
% H A

VT £ 240 4 1A R, 9 S A B D PR gt e
Fok 4y T H0 Sk, T RE T 0 P IR 7 Ak R
K 3E TG 2 A ORI o

SR K 52 TR 5 76 K, WK 9 W6 45 7 ik 100°C
SO M BR | AR 5 K I B AS K, BT A 0 AR A
IR, /K40 7 & o ie ¥ 106 JH , 3 £ s A o 9L
B B B AREO B, AT BUSE B T R R
PR 9 — R R

B, UKHOK R . BT B K ok ) v a2 B
S, T 76 075 7K PP 40BN IO 3 25 85 , BT LA vk K 4 F
G 2 Rk, TR A KK S FENEE, B
£ 5 5 /N T 025 B0 B, 33 R 7K 9 1 — T - I R
TR ML UK B 25 8 K T K B B L TR 4 A5 U, vkt
TR 4 3R AL, 4E VR H A, AT W6 | 4 9 P AR T
Bl 4% R K, HBER 1 B4 A R AT REARAE T

AN K EBIFRER . T AR RS T, BT
WA W B 53 T AR 25 50 9 Tk eh o 491 £ 4 0
fh, R Na® il CL™ FIR0 S F 4L A, H B30  H dik
EK T, HC A Na B3] K 43T v 4 70 el 7 9 — 3
17K 53 F FLA B 5 T CL™ 00 0% 3 FLA I R 467 £ 53—
s K S TR LA, XA, NaCl #E¥E T T,
b, VA B B 4 TR 5 0 Tk, SRR
{ok 7K A I A 40 1A, 2 0L 3000 B0 TP, R 2
o T 70 0 45 b 45 RE 1) R ) BL IV A

2.1 FEFfa¥ (45

B, KA A EERE, RS RN, E4
Yk o B KR S KR K TR B B —
Sk TR B REAR F(H) MAEEF(0H ). 4
Yok A I LA Y HT R R AT ) OH - ab Ak T
-5

MRS H s EmR, ™4 OH” K&
Yok Rk, Bilhn, EhMR (HCL) B3R MR , EAfF7E T A B
Bl EWBCh HCL B9 HY A CL™ o # Rt
W5 55 e T HP HT 24,

ORI H 8L, 0 i S S A (NaOH ) 3t
A4 OH™ ,OH™ 5 H' k&I K H,0. ¥ 8 Y Bl 1 ik
s, A OH ™ g £,

AT pH R KR E WM BRE . PR B H
MBS OH ™ W AR B[ H" ] =[OH ™ ], K
i pH AT LA 0 3 14 7E R K ¥ W h, pH 8 0 2 o
HIMRE ,pH O 14 J2 55 55 B BR B2 ( 50 9 (Y B2 ) , pH
T MR Atk SRR B R S 2 e
W, pH B 7. RZBOGHMPE pH HIET 7. BH
) pH 2 2, 474  pH 2 2, AT pH 4, A
PRE) pH 2 6 7247, L A9 pH W 5 F 7, WK i) pH 24
8.5, IR BE BRI W pH 7E 12 LAk

40 fH pH B BU/NE AR T RE R A F . Wik
B A 2 o (buffer) , B T RESR BT pH B 28
16, 8P pH @i, BT 4 H' 512 pH KA, 41X
AE™ A OH ™ Zr Al H' o (B2 vhfl i) 22 v ik ) 2 A R
(9, PR ) pH A8 Ak K K, 2% wh50] gk JE RE R
LR B AR ZEIE

24 T PR F ) R TR SRR 55 R — S e Bk B9 KR
B BRTRIET O Y0k (B A (KRR R B
BOBE BB R R MR ZE B T SR AL, X E kY S
725 S I 7K 28 T U TR A R, B K R v B 3t - it
BT ERNT . MRETAY pH Al ik 2 ~ 3, MR %5 (9 pH Al
k1.7,

P AT BERR 1L 4 3, 5 i 3h A ) B A K AN IR B
flt FE o ™ T Y ) SR TR R RR AL . BRI, B 21 it
A HEFEH) pH ¥ L BLFEFEMK 0.3 £ 0.5, 17 2100 4F ¥
TF PR R 3 11 VIR BN B IS 40 % , 3300 5 i 30 39 e i) T2
BN DL FE 2 A Wy B A T o R AT AR B B ARG, i) 4n
o AL BR B BR 19 AT RESR B AESEM .

2.1.4 L5 ROBAE R H Al
A i B 3 19 5 £ 2 — B T B AR 8 (metabolism)




16 2 =gy fb o S gl

W BRAC RIS TR I RO, X 2
AR ZYRT AT

JEF R4 T A E v B R R BN R A 4tk
AR o T B A TR U R R TR rp A R AR
THPRBL, R 2 T RBCE MHEA . ST E W
Gy F I, B A B 4 8 U B A 9 4 1 I, R B
THMMER . KR — D RERT . ST HE S
FALA K

J2 i A= 4

2H, + 0, — 2H,0

XA RN R R 4 S (2H,) Ml — 4> T4 (0,)
(A ﬁﬁiﬁiﬁ?/K(ZH 0)., H, f1 0, BRI Y,
H,0 &9 . XMELERAMELRT —FMELA
I_JE’J%J?—KJKE%T#%ZE%E‘J@EF%,KI—H:E{‘J
HoAh sy o 38045 P (8 K 1 o A= iy B9 S A, 0 i —
ik

= ORI A BE B i SRR IR T, B R AR R T
HFAS . T R R BIAC A ML, B il
B feEs . kKB TE B, IR 9 2 SR T Z (]
4 79 1~ BB AN SRR 2 ] B — S XU, 7 AR B R 4 D
AR Z [ i) S, an R PR

2H—H + 0 =0 —— /0\ + /O\

H H H H
YR N ARER AL H, f1 0, HEAGIEM H,0
(9 B2 R, B2 BB 8 Ak T 7 b 4% S 45 HE 1 T S O,
g & LAOK R 7 ) 2 — B9 B (o B K A R R
BL) o FATIAE BT KREEAGE S KR P A6
BREZFEAER EERATZM, Kb A R REER
Ao HEAEFR A X T IEH BP0 AR B Y B BK R 2 A6 7
B BIRGHAR A, FELCEOKNEX B EAH
I MR, XTI R A LR AL ERA
—MREEAHERAY PR, WS PRE-FMIEER
F& )5y F , B 40 D ERIE 1 56 NEIE FAH . HE

MR RNGEER A KRBT .

CoHy +0, +
B-H% hFE

4H —— 2C, H,, 0
HeER A

XA BN AR A+ B A, kAR R
JE— MR S Bk Z 8 XU (C =C) KB R AUH ) C—H
M C—O—H BB AL, Bl &A= 2L iy 2D BOULA e
. XRBFTRER 0, RAZES,4H MEA
T4 b B HoA o XA B H R R A A T A I

BT LR — B, AR RATH 2
YR N A 198 £ A 2 IO

PEEI7E A

2.2.1  BRREADRANED A FK 51 i SERE

MR R LR B A S FER S A Bk, kBEE 5
Bl 5 H AR FAHE . IR FA & AR FH R,
BMRREEIE RAEH KM ER NS F. HEHAEDK
WERALEYHEIOR T K,

Br— A fbh . — S AL F ik MR £h % D B ik &
Wi, SRSV ER N AIIEY . EMBA L
BWA 200 Z 77 Fh T H & FEAS W H A R ER & BLET Y
AHLEY LA HEH S HRKS, wimE it , —Ffhoo
R F R E THIEFRINZH FRHME ., IR
FTERARAEAANB T B/ 4 MHEFREA, B AR
JRF W 5 5 H A R 7 45 4 X i I R 4 43t
i,

Bl 2.3a FRBRIE T 0 DO RS54 . LA e S ]
A LA IR 7 1 4 A ROEE RUR W AR 4 N SR
DZBH—&K% 4 NS T4 DPREN 5, 5 —
s ERIEF RO, PRMERAHAZCEHZ
BB F = FEEMSHAIE2.3b frzm,

18 B e 33X B 14 43, A Hh Bl AN R T 3R 4 R, R
ke sk S AL & 4 (hydrocarbon) o i F 8k JiL ¥ A LA JE
RRUEE B SURT LA 43 3, B A BE Ul 2 ANk 2 BT A
A& TR IR B, 2.3 98 c.d.e.f
MEILDBIF. c BZhE,d BAS, e BT h, f 2R
Tkt Thif R T hetsrFXAHE (#Z C,H,) ,H
SRR TE  BR R 534K (isomer) o 4 — Fh 5 40 (R ER A
HpEtE. Bt mr DA XU, anfE 2.3 i g Al h, g
Bl -TH hJE2- T, AR ME,1 M2 EKRHE
EEES 1A (AL AL Kk EERES 2 Mk b,
K Bk BE A T2 BCER , R R LA L, B 2,31 B3R
Cbt,] B, EAGFETHFZMAIILEYD . E2.3
TS ) & TR AL G W), & AR —Fh ik B 22 (carbon skel-
eton) , Bk B AR VFIF 2 ZRA DLIL A P SEat

B 2.3 kG MBMNOBEHEHTLREY.
BB R RARSH F B WA, S e FI TR bt B WAk A <
B EERS , A O b fAfE TS, RNhE HMAE
HL¥E A



H H H H H
) FT (g)1- Tk (h) 2- T 4%
B2.3 JLAERE A D

A LME BT A 8 A HLAL & Y ER A R Hh R AT A T R
M. BrRmIET MR T4, A P& Yk o] LA 5
A S, b d R LB R SRR T L2 B Ak 2 R
PR A A R o 2 Ji - SR B S AT X 26 I T R O T

2.2 fH AR HY A Y K5 F

fie A (functional group) . 7E4 B4 M i) 43 F vh e b &
BHINEEH A 4 B 2 A (—OH) Jik 3 (>CO) , R HE
(—COOH) ME % (—NH, ), £2-2 HREX 4 FI)
REM I 2 9K (&5 1 AFEIE % .

F2-2 AMEEINER

%I
4 4 Z
'3 %5t Wi ot X BT e
T
H—C—C—OH
A —o—n Bk T B2 K A
—OH H H
.
H H 0
0 L | 7
7 H—C—C—C
—C S AN Fe g R
N H H H
Bt H
y i
CO H O H
/ |
(0] H—C—C—C—H
n LES ] A
—C— H H
i
H 0
/0 H (II C
" ¢ "m | BOERE, R DR, 4 R
—COOH N H OH
OH
Z®
H H
H |
il N JHe 2 = HAM,EAR,RE
—NH, N P[, H ' '




18 2 Efriy il Fal

X 4 Fh g Al h, %2k (hydroxyl group) f th & i
TR F AR, R — O S AR R, S —
HHEXSHIE R AE., SARENLEYARE,
A (PR ) 02 B LB — b B

B HE (carbonyl group) 1 — M ERIEF 5 — R T
JE R AU | e J5E - 1) 53 A0 1 A AT LU 7E 55 AP i ik b,
AT L5 SAR I o 0 SR B R A Bk SR Y R o L A & W i
& (aldehyde ) ; 2 SR 5 55 AE Bk 22 b (], 4k & ) A2 1)
(ketone) ,

2 Jk (carboxyl group ) H s J5— 75T 5 S8 R
B, — X EEE B, RAERREN H,
It LA R B WAL & W) FR SR R ( carboxylic acid) o

R (amino group) I A JE F A D A R T 4
W, B F LW S — AW AT EAEK L B E W
BIVER BB Wl H' o & &0 A HLIL & 2 FF A ik
(amine) 25,

X 4 Fhh e A — A LR R L, WU A A B, X
Sy v i B BRI A A AR O RS H B B 6 R
glH . Kk, T A & A 3 8 5 P 1k 5 W) #8 2 kK
9 (hydrophilic ) , # 2 /K i PE ). X XL & Yk
FEAE PR N R AR T LB R 1

2 -2 sk E Y R A —F IR
FELLEFEZEWS AP EAMMBEZRIRER .
151 GrOE o3 v i A 8 S R R R R L R R A =
MR, ZRIOBEAMAEEAM T EMNERK
G

2.2.2 AR BORR R D 5y F AR
HEZIER PN ST

AR P REEEEHN S FHRERLE X
B 4rF , #k B K 43 F ( macromolecule) . A= ¥ K 43+ 7]
4y R 4 K28 1 (protein) (A& (nucleic acid) (£
¥k ( polysaccharide ) FIJR i (lipid ) , X 4 FE K5 FH Y
Al =K EB R L BAIK . AriF £ Bk (polymer) , 5 /& th A
[) = AR ABL B /N 43 F 21 B K L B AR — B K EE R
2271 0 R % HE TR —BE . LR BRI /N FRR A
B{k (monomer) 4l it ) FH B R 21 R 22 A

A= W 40 B T A R KRR R X AR AR
B FP 2R 204 107 F, i B4 R0 3 (A A 281, BT L
HEBULTFR IS 0. 2R 1040 A X 4 £ Fh 2 B ik
JiT FH ) A 2R i O R, i A BOUL RS H
B LA S 3Rt AN B 100 FRo B 4, B R R = ALK

20 P A [R] f 2 2 IR 2H BRI o RO A Rk R AR A 2H AR
KB, SR TR BRI M E A, DNA {UH 4 F A
(] f A, BAS H R 2H AN . AR B B R 2 B DA Rh 26
E X AT H KBy HEF IR AR

A= il 1 22 3R R T FE ) PR R R GE A 8, N R
Bl ¥ A0 40 B AR TR RE Y 20 Fp & Ak R AN IR AR 4 P A%
TR, 98 T I & BB 22 5 AT DNA IR X R 9 b i
S =0 N <3 R % Nl 1 R R S N

41 Jf K S A 21 B 22 SR A i T 3R I O B K & R
( dehydration synthesis) , JiF & i) 8K E A S J5E T (H)
¥R (—OH) , & fm k. — 4k EH -1 HM—
AS—OH JE i, 1 7K (HOH) , 7 A — A4~ i 2L 4 g, X f
KGR AE B RA 4, XA R
WARAER . BE A—A—A /NI RE A —
AR L RA A, KA BT R BT

HO—A—A—A—H + HO—A'—H——HO—A—A—A—A'—H
N\
H,0

W XA S, A5 N 22 RAK PR G — A A TE
B—E R, NERER A A, BT &A1 K
YEF RS 2H R .

HEYERNALES B2 R, B Z A 2 R .
B an, A By SO B AR R K T, B e TR
W, AR5 K B AT 53 R B B 2 AR S BRR
RS2 6 2 M 7K G B 305 BN, B K A B2 ( hydroly-
sis) . KSR MA—DKSFREREBH, T X
FI7R

HO—A—A—A—A'—H
l H,0

HO—A—A—A—H + HO—A'—H

KA D K R HOEE B B T 2 AR [ OR S B4R
b, —OH 3% 35 B3 B S fk b

HBE 7K 5 BRI K fife 2 A A B2SE 26 Y A 20 L P o
e, BARE| R — Rl RO, W% A & — i EgAEL .

2.3.1 OB FORUBE

Wi 2 (carbohydrate ) J&— KIS1b & ¥, M & 17 24 1)
Wi 2 AR K i Z 85 (polysaccharide) . 22 b B ly B A9 201k



B AT A (0 K 8 . Carbohydrate 3X > “F ) A< & J2 Bk /K
&8, R R B fe S AR B A% X AT LS A CHL 0,
AR BR A K AL A& LAY . XA FAE R A PR
B2 5 AR %, B B8 I A 2 Bk FK AL & TR
B o 2H B 22 % 04 B 2 BRBE ( monosaccharide ) | & 3 UL
£ AL 2 A 4 B ( glucose ) AR BE (fructose ) |, ¥ % %
REXFHFABORAEY . MaAMEEYENREZER
Bl R CH, 0, , 85 N & 2. 4a, JRMEH) 5
TR CH,,0, BZEH KX AR (E 2.4b) . X F
ANEEMAXPTUE H SR TR RS —BRATE
B BT AR TR 0 — s R A R AL . A
SR AE S F— Y (U0 A 0 ) B AL sAE Ay b ],
A i (Gn SRBE ) |, 9T LA 4 68 R T EEBE (aldose) | R
W5 I8 T B % (ketose) .

H_ 0 }II
c H—C—OH
H—(|:—0H (|:=o
Ho—cl—H HO—(IJ—H
H—c'——OH H——(IZ—OH
H—(I:—OH H—(IZ—OH
H—C:—OH H—C: OH

2.4 7EFE(a) FURBE (D) A X

) 25 A R R S M U BT =2 18 B DX AE T
JEF W HEF A TR, HAR L BE, UFE T AR EE A AL B AR
B 25 F A K, B P B R A A R KA, B
i, e S HAb s & A RS RE I AR TR AR,
REEE LW EREISE L,

) % E AN ROBE R R 6 B IR T A A, FR O

H 0
N\ 7
Ne
N 6 CH,0H
H—(I:—OH SCI o
3 H H
HO—C—H \ /) \ /
4 —_—— 4C gH HlC
H— C—OH / \ / \
HO 3C| 2C| OH
H—SCI—OH | |
H OH
H—C—OH

I
H

(a)

(b)

2.3 ¥k 19

Bl (hexose) . F77E T/EYAR N M B ME LA th 3 .4.5 Al
7 ASBRIEF LRI, 23 50 FR O B (triose ) | T 8 (tet-
rose ) | J{ Hi ( pentose ) F1BE % ( heptose ) , b S8 JU H
HE, FHN NSRS .

2.4 hoRER S5 R ZOR B B 5E EIXOOFARSE
IEH , A 2 OB R K 5 W D 8 28 R, IR AR 4G
¥ 5 2R G5 M B ARFL A K O . P 2.5 s it 2
EFEI SR M 5 PR AR G540 I A B 5 A, BRI
FHARS AT R T ENZ R CR, BRI
ARZEHE B AT A B 77 2K () R | 33X I AN 0 5 35 v ) sk
JAF5 W P mT A R4 A 8] i 2k i i, Ros B R — A
ST, 58 5 AL At 2 B P DU £E 3K AN T B R R .

40 i AR RR R Sy F 1 2 B R A 0 . A R A
L A, pURE 2 A0 M B 8 B A LA T (IR RR ) 1
JEURE o 40 ) SR A S ST B AR R ) A R
XUBE A Z 0 .

XUBH TE 20 B w2 H B ) B8 G o B K 7R B S R
o PO %9 W B0 122 2F B8 (maltose ) , 3X B 7 /4~ 5
Wi Z 6 A R & — K BT AR, 5
WA RIE TSI — . Z5
AT A PRARSLE R, 640, AT i 7F g g
KREZFh A 2 200, % WEE 22 27 B i S iz an &
2.6 iR,

Foe UL B RORE Ay BB (sucrose ) |, 2 Hh ] %5 B 5 2R
W, JER X 5ZFRELMFE. MYiti
R R R, E R NZE RN EERS,
£ F 0 REWE A0 Hhy R 2K R SR AR Y

TR LL A 20 W I, (EAS Gn SRS, BT LA 20 {42 80
EARBEFT T — B B E K B 3K (high - fructose
corn syrup , HFCS) , J&- 6 &t K 3¢ o i 5 4 Bl % A8 Ay
SEHE ) — R AR, n] DA AR R

(c)

2.5 THEFENLSOREH (a) FRREH (b) ZHRE A (c)



20 2 AfifbeF Lk

H O H H O H
H H
OH H - OH H
HO OH
H OH H OH
# 3F b

B 2.6 7% bEIE L 2 hE

2.3.2 %¥H

Z 0 R BOE ERCT A SR E o K A BT
MEREK, XEZRIEGHFZHM, BEENA 3 Ff.0E
#1 (starch) M L ( glycogen ) A1 £F 4 % (cellulose)

TE R I A7 A0 AR P AR AR A 358 43 v, iy ) 26 M 1190 A
REmm. K2 7a ZUEW 7 FEE (BB A fE
R E AL, T A B BE R R ), BERBIKH 5
-, H T A AR B Y B N — s B AR B, BT LA
Kbk 45 th AR BE . T M B9 R IE mT BB T 7 Sl 4 Ko

L) 20 vh A E MR, B il VE R 4 1, R AT
HIFESY o SAE Y5 2R AR R R IR i & i At 43
F B ORI, 590K TE Ry K . A RTR ZHCH b 3h B

(a) vEt

ERREF TR , EH AL PR HOK R . B DR EE
BRI & b b B BORIR .

B DR TG At 30 0 4 o T ) 22 0 O D ([
2.7b) S5 R TE B — A I R E , A s X E X,
AR P 4 498 i O 7 7 JEF 440 R L4 e, A A, X
1 7o 240 it A 2 5 W JEUK S R A A M . AT AL R G
AETH 1L £ B b 0 JEUBORL

ALY 6 4 M BE TR A T 2 R 2 R R R B 4 i AN
SR MAEEN . HhREENZHEEIRE (K
2.7c) . HAHEREMWEK FRFFHAILEY, ETE R
T I £ 4E (microfibril ) , 47 75 T 4 MU BE b o flURLET 4 TP
JI Y [ ) B R A0 2 AR, R K B R BN . TR
LAY BB IR — A R A ) 2 R AR (B LS R
AR IS [F], JHe v i 12 B AR 0 B 7 1) R R, B AT AR
il % B A

e veYeveve

! / 1

B27 3FEEMEH



Gy 3 HIEE, A R A M o X L8 AR 51T B9 BE B2 1 i
HBR BT REE—&, B3 —F, U R £ 46—
Wor. FEAM T, 2 —-BHRF%ES HARAHZ R
PRGSEAE—i T R 18] B SR, SCRFAE R BB K

21 4 KA RE B 3h W I AL B R B0 T K R, BT LA TR
Iz F B £ 4 & HAEJFUREHE ok , AR, X X T 4
Frif b R0l AR B A 2R, HE AR RIS, A3
Y S A RN R ROV ENTRHALE
A7 AR A REK MR AT 4R R T .

Qi

2.4.1 JIgWi NG P W RE o 1

Jig BG4 25 b 22 FF 649 43 1, LA S0 Rl B A
AP OTR AR R L A AR . T X512
FEAR A, B DL AT K AN BEAR 2, A i 2 i 7K B Chydro-
phobic) o =A% HL UL, Jif A 2 K1, o EATH A
Xt 43 F B IR VR AR AR AR 40K, T B E
A EREY .

5 P i DL R i 7 (fat) | i 77 2 T AL
P38 o B K BT IS B4 o I T PR 14 3R 35 o ) —OHL 5
Hmi AP —H 258k X —0 7K, TRHMS
i s R 2 [ e i i, (8 1M s i 1 (181 2. 8) 6

Ji 105 43 v H i Y 3 AR E R O 3 AN i R
Bk , BT LA W7 304 A8CH i = 8 ( triglyceride ) B( = it
Hh (uriacylglycerol ) o R H B9 3 A Pt & — R A )
(1, KU T C (C oo BOHARAR T AR . A BUHE 89 5 i 2R

H o)

I I
0—C

0
l
C

H_

=)

C_ —

I

| 0
Il

H—C—0—

o

— CH,—CH,— CH,— CH,— CH,—CH,—CH,— CHy

0—C— CH,— CH,— CH,— CH,— CH,— CH,— CH,— CHy
C

H H
H—-(I:——OH H—CI-—OCOR
H—(I:—OH + 3HO—COR H—(IZ—OCOR
H—(:I—OH 3H,0 H—(::—OCOR
H H
H Jig Wi
(RAR A [ 1 < sk S0 )

B 2.8 Hil5 s R K & AR b

A AN G W5 BR (unsaturated fatty acid ) , 3% A BUEE Y
W FR A 160 F1 S i R ( saturated fatty acid) 2.9 FE—
IR B gk, Hodh— IR C, i, A 2
Coal), — DA — DR, 55— AP, S
FETERE IS B EE 25 i, A7 5928 AR, BT LA & A BUERE /9 iR
W e R T RS, N FAREHES 19 KRE®

fRWT A Z A5k, T LU SRRERZHN T
1 g IRRFP T AR RE R 290 1 g TEM I F% .

s 9 iR 105 v A 1 F0 AR 5 RR AR 2D, 4 4 o o 0 R
%, BRI E IR K2 251 & 3 ko HE w4k, J
Sk 1R W5 3 AT T S V% AL [ I ) 2 7 O PN BE B TR
TG BCBREBR | 3 FF 0 23 305 55 0L 3L, 7 A 0 1L 28 952

2.4.2 BRI R0 N A A N

Beli R BH R —2K, oA 3 REEMIRR,
EATRBEAR (phospholipid ) | 2 & B ( steroid ) Fl i (wax)
B A0 MO R 0 T B A, AR S R R, Al o 7
HRAPNIRIIRR, 75 5 — A MR BERR . BEIRRAEW &
BHIEY T KA A YRR e

CH,— CH,— CH,— CH,— CH,— CH,— CH,— CH,— CH,— CH,— CH,— CH,— CH,— CH,— CH,

CH — CH,— CH,— CH,— CH,— CH,— CH,— CH,— CH,

H— CH,— CH
e,

2.9 Jglisa T2



22 2 AdrifeisEnh

Il R R PR — K A K B S T R K
BB . e BB K M L RS 5 i S 5 BT LA AT AR P A )
ey FEm., Flan, R MO RE LA — 28, L
(R4 e SRS sk R T . Bh i i Tt A e, B A,
L Rk A W R b A AR A B TR

[ R — R R R B IR B . BT A A AR R BE T
4 AR ,3 AN IT AL ASHon A, B 2,10 Bl —
b B DL f 2 B —— I [ B ( cholesterol ) i 45 #4 5K .
iR BB C F H #RB A br ok . AH [ B2 40
I ) B R 4, 2 Bh A R P A L At 2 R T O DR
h 4 0 o A O 3R R R S

~CH;

CH,—CH—CH,—CH,—CH,—CH{
3

CH,

CH,

HO

B2 10 fH [ EE

A —S6 K [ B 25 W) FR R 4 2 A 2K 1B A (ana-
bolic steroid) , B A T & MK KM MM E K25 . E
REAE HE LA & 35, B SR AR 1, H S — 2842 3) 51 BT IR A
XL 25 W) A VF 2 7 E Y R AR R, 0 aE B B B0 T T T
#HATE W, F SR E AL

2.5.1 RPN E o TS 2h BT

A R R R 4 Y 2 SR A R B AR oy
T A BOT RS [R5 B, 4 B A AR ) =4
G50, Sy IV BRAT R — I TR, AR ZHZURIBLAA B 45 F AR
HSEARA X, AEMEANE-TUESEBAEARS S,

FRHE R A B AEVUA N B DIRE, "R o 7 R 3K

(1) S5 450 88 1 2 40 A 40 MO 45+ 10
it , B an, v FL3h ) BB A UL AN A e R R
2 HEAER LTI E A AR .

(2) W4ER WHEASSMEALFRRER,
Bihn , LA iz 3L 2R 8 S UL RR VR A

(3) WcE A Blan, 593 & A 82 3P B8 b

IREA AR EF PRI RM AR HY
A A 2 R PR 11, =T A SRR SR IR
WHERYHPEENEAFRKIE.

(4) piER  flm, yiEmE M EER, 2
FAAE T I 9735 0 SRR S 4 O B R

(5) ¥eimdEH  ASTY RS EME A B, 1, i
LA B R R A B B, R A 5 12 B B
10 At 45358 0 B 4 1 R

(6) fF5HEHA FYEARKGESAN—-TaKE
RENG T AR EAR. fil, MRS
BT R U R K A b g S S E 5

(7) B¢ MAMEEVAEANREEMNEAR. €
AP AL, AR N B — D bF SO MR
o OB B EAT  BAR B FARTE R B R R AL . SEBR
AR TR T Y SR AR R R R

LR TR R YIRS, E R — A
s, MEAIFEA R

2.5.2 EABALH 20 fpal g 4l nk

HHRRSEHMIERB A ZFH NS T, R
MATAREA RN R 20 MEERAR., EAKRZ
Fril 22k, LR TRERES T H R4S MHE
IR . BHERR (amino acid) J& & A & 5 1R 5 1 1k
A9, HaES T,

H H 0
| 7
N—C—C
| M
H R OH
A mAL

HEEAE o -COPEE C) EAR 4 DM . &5
(—NH,) &% (—COOH) .—H F—R, 7 & fi] 8 i)
AW H A M (glycine) 1, —R E—H, 1 i A HAth i
FAEM Y, —R BEAFHREA,

X 20 AR AR SNBSS RE2 -3, N
B AT LA ), X S8 & FE R AT L2 R 8 K 26 - K i
FRIKHY o R KRR B K P 8GR K YR E TR R M
ItER . Blansea MR (WK 2 -3) , K R 2 5—CH,—
CH(CH,), , AR e Ry, Mt Rk 6. XinZ&m,
H R bA R, ERER, HI R Rk,

20 i ey MO ROk B T A R KB R —
NEIERIRIES 7 — D EHER B EIEB A, T
KPR



Lo | —
NN, w1 glrn
V Vi & Y
S—c—c?  + On—c=c’ B & R SN—c—cin—c—c”
1 Dem | om - | ' OH
2
AR HHER — ik
*£2-3 AREFEARMESER
H H
H | 40 H | 4°
SN—c—c? Sn—c—c?
u’ «J \OH v’ : ,,\OH
i o

HEM (Ala.A) #HE B (Val,V) REA®M (Leu;L)

K
A Z # (Phe F) fili % # (Pro,P)
H
| (0]
N—C—C//
NoH H H”
¥
%4 &’ (Ser,S) & & (Thr,T) F P& B (Cys,0) BE® (Tyr,Y) KLABEK (AsnN) B EBMK (GIn,Q)
3 Wit
K

KA &R (Asp,D) % & R (Glu,E) =B (Lys.K) ¥’ (Arg,R) 4" B (His.H)

R EIERREA PIRN TS 3 FRIFFS A L FRMFS .



24 2 ety fbesEnh

—AEERTH CHH - NEERTE NIER
— A Hi i C—N, FR & K8 ( peptide bond ), E 31 )
I3 B 7= ) i — A~ K (dipeptide ) o B 2 %) & 5 AR DL [A]
FERI T — A — A B 25, 98 AR 7 B B R £ K
( polypeptide) .,

Z KR A K AE IR, — A4~k 53 hn b 2 Bk IR
— AR, TR U R SRR A R L R Y2 LR
ki Z IR — BRI Z K

2 KT LA p B0 S A (7 20 Jk B 45 B O S TR
FRH) BT LA AR A R, R Z KA H R
i & AL R 81, O IR T H A TR ) = 4ETEAR

2.5.3 EAMME WO E L

—ANEAE S F - RELARZREEA R, £ 1K
4 00 47 B BURE A B AR o B AN, % TR B (lysozyme) |, &
776 T B TH A0 40 ) B, L Th BB R TE L I O B R
VAN B R A M BE, VAT h — R 2 IREEAL AR,
i 2. 11 fras . AT RBUSBRIE , Ok b BRR &
Ff . KEHGEARAZRREAR, WAL HE
FL & 22k 0, A I, il e )R 2R (collagen) , 7
JRE AWM B o TP E R R,

L T T A ERORR B 22 R AR T S A E L IR
SRR IR . B 2. 11 v B A A R AR B rh R
JiE (coil) FHHL Y (twist) , X AR FZ > F o EAEK &
— I =4EBAR . T DR IERXFIE R, JL
F- i A5 B R L 4 BT R — B D AR, #R a6 TR
A S F I 5 2856 o VTR X 2 RE = IR 40 T
20 i R B S 6 0 5 4N TR AN R T B — R — 1 43
FOIRRHRE) LS. ERREBEREMRIET ERE®
WHIFE GRS . BHEES F ELEA 1o (H
2,11 oA R RIGF R AR5 F o

2,11 FHEE R (5] B Campbell % ,2000)

H H 522 #E (denaturation ) i /2 457 2 ik 8 #A T,
RETHL - =4 R, Amd itk 7 HIEE.
191 4 2 X0 2, A X0 TR0 AR M, R SR i B e [
L MARBETFKT . XHEMEFNEKE KGR Z
TR T . EWREE R SUE , pH A BUEERRE(EVF £ Fh R
H s,

EARDFRE—TBREH 4 NEBRA G E
B ,iX 4 DRWR—% % = RMMNREEW ., 7T —%
LMYER N R LM, B2 12 AR ZHFRREMR
# i iz 8 2 A (transthyretin, TTR) H) & 2 %54, TTR £
FET M\ —FEE R, HIGERiZ % FRIRE M
HERA ERE-FMERREAK,LH 4 X2 KEH
B, B 5k 2 RREEER—FF , 127 DNEIERR R FE 4 AR .

2 KB v 2 B R B HE B Bk 2 TTR B — 2 4%
#3 (primary structure) , — 2% 45 # 5 A 224k, i 2 5
HEHEMINEE. PlinmaEA T A - NEEREET
Ak, RS X A E AR A fRE X, s R E
T 4 L B Il AE .

— G5 R o3 K EE B A it 5 & A R
(secondary structure) ., ¥ HH T WG ) — R G5 M FR H
o B2J5E (o - helix) , #7 8 I IE I — KPR R & A
(pleated sheet) , X PP — 20 4544 M TE IR 2 th T RE B
— & M—N—H BFfM—C =0 EH ZRE N a %, &
2. 12b LR AT AR 1 A AR R — R 2 Ik EE Th B
BRI EEREY C=0 f1 N—H, F+Ha-C Lk
B R A1 H #RAK (e R R AD) o =R 4544 (tertiary
structure ) /R )& — 2% 2 IREE I B = 4B IR, =4
FEAR — AR AT LA K B 2 BROR B s 4 4B R B9 . H AR AR
EUE TR HEAZER, FAESH o BiEMILANT
BRETHHY E . XA EEGHS S S KERS
FEE BTEAR & FHATHIIRE . BRORE AR =R 45
hREAIREX , LA &KX, MEgREA R, fln, &
Ik R MEAR, WL 22l o BIRAR. =R
FIRIE R , B R o T 2 IREE T R A 8] 69 AH B 4E F .
WEKEHENERREQ, fln, FRIBERZRZRE
F1, R EE 4 B 10 45 R 2 {1 i /K BE A B 7E 2 F N, T
FKIEA BB O, 7T LA S5 KB Mk, BR 25 i K
PR fE— A, B e M R 3 P 22 (B A A S0 B
BFHAWA BT =R

HH P 2R B 2 AR KB 240 BB 2R 1, iR A D 45 4
(quaternary structure) . 41 B Ff 2K 14 /% B9 % 1 % Jik
FR R EH (subunit) |, D0 9% 55 ¥ f& By 2% W2k 2 8] JE 1 69



2.6 Mk 25

(a) — & 41 — Leu — Asp — Ala— Val — Arg — Gly — Ser —

(b) & 4t

(c) =R 4

(d) P9 % %549

2.12 HURBEMBETBEHE AN — = = WL (31 Campbell %,2000)

B4R . B 2. 12d MRRIREME Tz REAH
BT, EHA T E2MAINEREAR. F2ZHEA
B f S A (R 6 o 51 4, 5 i 4 1 I £ 2 1 (hemo-
globin ) it H W A 7K | 5 % P9 > 2 AR o

2.6.1 B iFmedlnk

AT ATA , 8 AR AR BB 8 — A B E T
24P AREEA K —REAHWE? REFEAR X
iR R R (PRI 21 %) M9 205> DNA,DNA E#

R —3%,

#E (nucleic acid) 2 Z Rk, AW ALZLR ]
S K% B A% BR ( deoxyribonucleic acid, DNA ) F1 4% ¥ #% 1#
(ribonucleic acid ,RNA) ., FE[K 2 DNA f4rE ) —B,
iXPBt DNA #fiE LRV E B A M — K451, ir LU
DNA 28 o 25 75 im 42 i 40 M s ER A A Wik .
DNA AR H#E K T4, 128 & RNA E/EH M.
X T DNA Fl RNA {2 VE F L, 8 7E 21 &b i, iX
BHANMAERNILY .

DNA Fl RNA #8022 B4k, 4 50 e ] B4 2 4%
H MR (nucleotide ) , B4R 41 W HE A 5T A B 1A 2 G L ik —
Feo BHMH 3 M EM(E2.13), ok



26 2 b

B2.13 #Hm

A, DNA A 30 2 it 48 4% B8 ( deoxyribose ) ( ] 2. 13
HR B R R O S BE ) s RNA o () SO0 J2 4% 8 (ribose )
(B 2.14) o 55 450 & B R 3 F | 3% 78 1B% B9 — Y o
FEAE M ) 55 — S & 2 & B At ( nitrogenous. base )
DNA ") & BBk A A 4 F, B R B2 W (adenine, A ) |, g
BRHEDE (thymine, T) , 16 B ( cytosine, C ) A1 15 1 14
(guanine, G), RNA 2 A,C fl G,{H T ¥ IR W&
BE (uracil , U) Ir&E(E 2.14) .,

2R RR AR 58 o B K G BTN E A R R,
BERHBERIE L —FE. A 2.15 iR, BHR
F3CEMREES T IMETFRPBEREA LK—4
FEEBAK EIER T — R B RR iR, XA — 11
WETEEERT ZEER, B 2.15 IR E R —
Bt DNA, #1 2.15 fiifk, 7 & 2. 16 fAER,
2.15 Fni 2. 16 #ULBH , B K 5 — 4> 8% 1 R 1 B R 3L
M F—MREMREHE, HEREESBETR DT
BT —AEE AR - B e,

2.6.2 DNA Wi

1953 4F ik #% ( James Watson, 1928—) Fl 7% H 7
(Francis Crick, 1916—2004 ) # I 4 DNA 4>+ (1) XL 42
JiE (double helix) £5 4 , 33X &A= Y12 st b S5 6 HE Y A3k
Z— HAERESTER LEMHTERMIIGE. KK
Fow B EAEMSE T R. Franklin #1 M. Wilkins f7 45
B DNA X S AT 55 B35 Jo 4 ) 9B | B 5 45 0 T.4F
HBUE B X — MR R E A, KZERM T H T K&
Wilkins T 1962 4E [ i 4k 15 T WL /R % . AEHE
Franklin F 1958 4F RLilff , KK B 5k 5

DNA BUSR e Y 49 47 5 a0 F (] 2. 16)

(1) ZEH RREER IR IE B 26 5 — 1 3L R i fh
EFs , A F 88 .

X
(I)H (I)H
SCH, , OH CH, , OH
W N N PN
f\H H/CI "J\H H/C'
- H(L}, 2/
I [ [ I
OH H OH OH
2 S A% bR ¥
(f£ DNA ) (fE RNA 1)
EEmEE
e i
C C
TN HoNTE TN
g8C—H sC—H
H—Ciﬁ/‘ \,?/ H,N—cgé/“c\%/
H H
JIR W 04 (A) 5 s (G)
NH, 0
| i
rizf4\5|c'—H H—1\|13/4\5(|:|—CH3
O=C2\]f1/6C_H Ozcz\rﬁjC—H
H H
Jia v mE (C) g P v e (T )
o}
g
H—N7 4 .C—H
L
O_C\ﬁ/C_H
|
H
FRE WE (U )(7E RNA )

B 2.14 21 R B SORE AN U Bk

(2) ZA%H PR B J2 38 1o 8% R AN R i 37,5/ Bl AH
HEMRLA) o PR, A< 5% 6 7 3 2 A R  , — i 2 5 3/l
HHER R (3'C—OH) , 55 — Wi & 5 55k AH 1% 1) B e
HHM (5'C—PO,) (2. 15) , BUIRE i) £ 4% WL K B
— RN B S, B K mMER, ZEMNSF 3
(K 2.16),

(3) VGV Tk 0 W5 i i L L E P 38, 7T Tl PR AR A
BOBE W AE SN . B3k 04 F T 5 b AR 3 B, B A9 F T
55 9 i L P A

(4) BHEM EBRZ KR 2 nm, F 4803k 2 (8] M I
0.34 nm JF¥TRhE RS 36°, I, A ER SRR 10 4
BEZ G, BAHEE 3.4 nm 2 J§ X R AL S .



2.6 M @ 27

2.15 HMBEEERITRIE L &M (—B DNA 44¥)

(5) ™ 2%k 2 h BB 0 22 (8] ) S 7 — R Y
RIS (A) SR 5 I AR v e (T) Bo X, SRS (G) B2
S5HumEne (C)BEXr, A-TZEA2 NME#E,C-CZ
BA 3 ~E

(6) Z A% BR B HE Y 7 51 AN SZ AL (T BR ) o ot ik
X B HERR 51 85 4 A AL 1R R

B C T B & — PR DNA WU JiE b £ 8 5 ) ]
B, RHEMBEREZ I UNE A 415 T BX,G &
a5 C R, A P AR U R TE RS =S 16 HES
BRI v 195 1 B 22 ] 4 B B R 10,8 A 4 SR A~ 4R
SR WE NGB, BB T, T 40 R P AR W BE R, A &
ARE ], A — A IR Bl A — 1 W W e A IE B S0
it A - T Z 8] IESFIE R 2 4S8k, T G - C Z[a] X
IEFFIE R 3 1 EE, BTl A - T #1 G - C BB 3 A X ]
PLiGE R KA To 4%

1950 4F , Chargaff % W 5% ¥ 2 A [7] ¥ F#h () DNA h
BHEAHR, KHASTZHUK G CZ L aREE
T 1.0, IR AR B L AR IE4F U] T Chargaff ()
Y3/

5B S AR FRAESR T DNA ) DU BE R AL J5 , 57
B4 7 DNA S A HLE B 725 21 FEidie

DNA 73 F— BRI, A BT 07 $8 2 80w 7 4> il
Hxto — A KE DNA B FHAEFZIER, S ER
W & — B B 5, o 8O ST R R AR
RUERRFAET P EEEMRKE . PR
ME—FIHME—-FMEE MELT-EARMN %
55

RNA 38 9 B8k B 15 8% 15 8 0P 976 FH oty
£ 21 FHITE.



28 2 At fk A

B2 16 DNA f) =F R/R B (5] AKIUKS,2006) (a) B A SRR H 27500 - BEM A2 RO RRGMEIETH . (b) M
B RRAEEN b RRE R (HRRRR) , B AREEHES 0 I0UF AR, P AR BE EABEIE I 7 M B A R . () S DNA U8 9 5 LI
&, 85— R FHRHERIE, g P62 2 MEE R,

2]

- IR THEA(0,) B (CH,0,) ™4 CO, F1 H,0 mifkiGaE & . B3 /R 48 R B ™= 4= 11 CO, h iy

SRR [ FREE R A BRI — N O 1 g 7% B TR A S 56 oK 1 225 R A 1)

o AN AN AHL TR BT A B A R 2 TS B IR B, DR D 2 A 2 8 R Y BT A O i AF AE TR AT A

FELBR) PR35 v 7 AR 0 o] 558 aHe o 30 2

CRFIZHER AN SR B R UERTOBEN T RRMAENAPRRA, A XMHEFERRNIE

H7E T X R R Atk

AR RETEALE EARRE X RO A T A R BRI A T S A o URIA R X R B AT R

A=A SR 7 G 5 R — R A= 2K A b T A SO R K A S B AR

- AR 9 R AR 4LAR B 2K, 3 FHOR IR K BERE E 2 IR AL S L B BN RS S A BE (N R Z IR R

ﬁggﬁf‘i) .
H—R— KA —B—8—5;
A — A0 —25%
N—H—i—5;

K& —BE—8—3E;
N—H—H—%—HN—3%.
BHEW 2 KB — R G50




MRS+ S MWiEER

3.1 4MEMEE

3.2 H MR E5 4

3.3 AYRE—3h i
A Y

3.4 4R

S

3.1 dpEMLEE

WO BN R 1 AN i B0 T S

17 2R T BB, WA T ARZ AR, B
FHRMNAZBL KR THM, IR THR =R A
R #) 5> B /1 (resolving power, 5 #% 7> ¥f &) R A
0.1 mm,t 323, a0 3R P 5% F 17 2 2 (8] 59 BE &5 /)
F 0.1 mm, NBIRBALENTE R —FL T, 7 B

3.1.1

it I3

MR ARG R RS i fo g R AE, A — AR AR ARIR R AR
AE RARMBHME HAA L TERE, AT RBFTLMAER, @R 2
Mz HmA R, HELRATNAE, FEZR SR, Ak MK, 4o
HAREFTNHFGFTAX M LA L E5ZGRENAEE @bt &
Msf Tape) TREM, BTHIRS 2ENSTERRA A KF S FIAAHF

—RAED LT A MICER ML S M8, Eh RS REN R
B ARG ABMANF S MY ARG X R,

% (light microscope ) )43 #E J1 A 35 %] 200 nm (1 nm =
107" m) , 9 AR5 3 1 (9 500 45, A AT o6 % B 1
B LRIERAITH TS M KT, B T 4
FESR

B THEARMERERAY R HRERY
i 2% 52 #] 72 ( Robert Hooke, 1635—1703) , fth F 1665
A R IR A SR | VF 2 B/ Y B s R ALY A
B X Fhzs A 24 A (cell, JEE R/DE) . J5KTE
[E 8 ) 5 2 i 3 & ( Matthias Jakob Schleiden, 1804—
1881) F 1838 4E MG fth Z4F7fE BB T WA P4



30 3 AAMIASHY S A0 E iR

TGS B A0 M R AT AT A A R 4 4G R Y R AR
AR SR TRE R RPN, SFEHEYHRIFE
M R (R R EEY > Y Y™
) . fEE sh ¥ 2# K i 7 ( Theodor Schwann, 1810—
1882) i@ ik X Sh W A AU M %, HEZ TR B W AH
T 1839 A4 H 20 1R Bh 4 4 S0 B AR B A6l R A
o X R TR B T 4N M2, B BT A 9 3h ) 0 AR ) AR
2 b 20 M R R . JE R, dE B B XA B T — 2
B & J, B T 40 i R ik © A7 R B 4 R 2 oy
(100 =

o R A7 BRI H R Dl B BRI, o3 BE AR
WREFHRE M T ArAfE e BB T, 40 0 LA K 40 g
o 4 AR RS ) A 2R oRE AR, HUAR i & — A AF RN B
L, K M AT RERE . M+ BB (electron mi-
croscope , EM) () & B SCFFRE T 40 i BIF 5% f60 @ B, H
F i RS R O R AN AT O Aok ¢ R
B, KA bR MERS 75260 RERY
M F BB HE I EXE 0.2 am (R FHHER
7 0.106 nm) . &R EGERR S — D8R T 40 Ml 1 Tl
MG, BN THERE FTEARMNTZEH BEE2FT
T —aF,

B A R AP SR, — B R 3B B B B (transmission
EM,TEM ), — f & 39 #§ # 5% ( scanning EM, SEM )
TEM FF WF 58 #E A< 4 & B9 & 74 45 # (ultrastructure ) ,
SEM U] FH F 00 % F: A< 3% 1H1 B 40 45 4 -

HEMENEARZEZS N THEA, HEEAR
REWLZE TR IREA

3.1.2 S BEATH TWERIER
FEA

4f Jfd f) 43 9% 43 B (fractionation ) J2& K 240 i 5 #4¢ , ¢
o i 45 o 448 B 2% 0 O, DTRT AT LA 3 B B SR E AT R B
fie. AR AL %% 2 8 3 B 0 ML (ultracentrifuge ) , H
i s o B T 35 B 45 43 4 130 000 ¥R (130 000 r/min) ,
A T B 0 AL E B BsF ST P A B0 0 B K /INGE B LA EE
W g AR, Fi& 130 000 r/min ff ™ 4: i) B
D1k g W—E J 4% (1 000 000 x g)

X B35 )i 42 3 U1 P& & %X ( sedimentation coeffi-
cient) BB S, A FH S K#E N 1 ~20S, M
{9 S B, fl4 RNA 3t 4 165 RNA,25S RNA %,

SR BEHE R, BDR 4 ()
IO R G EIRIR T B30, BE & B0 3 B 9 38 hn ,

S /)N B JB0RE B 25 UL BE R k. B 4n7E 800 x g T B
210 min, 15 3 B 5T 5E 3 B2 40 A R0 40 LR R
7620 000 x g F &5 0> 15 min, 15 ) (9 & “ OB 4K ( mi-
crosome ) ", BJ} J 5 01 4f ffd i P BB 5 7E 150 000 x g
B3 h, SRR, e EE LM EER
D) 2 4 JHd %5 JBE ( ceytosol) .

o0 eV B R R AN MO R b BR 4N M S R0 4N M A 4R
VISP WA /7. BB SA FERMEQ R, 4
fih 25% ~50% W A AR 7E T A M e 2 .
MpEER AL, EaRPF2REBE®
5 7 .

A 4> 5y B B AR, AT LA 2% b 38 K f i 45 Fh 4
Jfd 2% 60 1 0], DA AT 4 BT 5 Tl .

3.1.3 20t SE

S AA (mycoplasma) J2 & /N 40 ML, A2 R A
100 nm , 1% 3 i) 5P 40 il B K, 2 A AR AT 0 B 40, 58 5
H A O B AT SR b R R 3h Y 40 i (9 8 1Y
R — ML) o A AR R Y 2T 4E R B 0K
FRIELF 4T K GE 3 ~4 om, BREFAEE E A] K 3K 10 em,
JI B f 7 TG T 7 i ) R S N A S R A Y BORR SR
P, RIBORBE AT LA 3, EATTAR 2 FURCIR 69 40 A . 40 i
B0 R /N5 HE Ty B R AL S O Y o ) T, 2 4 D ) 4
R ERA 0.1 mm, (B 4 0 {4 {6 4o 25 2F 4E AT
KEImPE, XMMHEHEFHER —BH. SH0
ZEHUKR, Rl THRYREFARREERY R, 5K
RO, B KR A REW E R A F
Z®o

— MUK, 25 40 I A W R B R = ol T A
kR K, mEh THRKBENEEZ, 22X K
R FNRE /N TR B A0, FE R/ IR R R E E R B
400 LA AR — RE Eb G BAY 4N B OK . 4N A B AR B 32
B K B AR L BRI, B /D B 40 MO 0 2T BE 2 T 4E
A i #1556 75 B9 DNA L ZE (R A 45 M T
o B KB40 M A R B R T AR, DL 3R 5E
FIRGREBRE R RS K. K4 E
TET L /N 0 f K, B KR M i R T AR S R R Z
HEANEE /N A/ M SR R TR Z A AR RS
G2 e W) BT, A X T B R /DS, 3X 28 AE 55 X L SE
ACE 3.1 FfE3.2) .

PR, A R, 2 H R —
— Uik, 2 40 M A= i 40 i % B 5 A BRURGE T



PR
60 mm X 45 mm 3¢ % R
170 mmX 135 mm

LR

13 mm X8 mm

0 HJE H1 K 180 um
o ABF 100 pm

X100

A BB 100 um Q@ AF T d1 100 pm
#FHEBF 70 pm Q

—Fh 75 B KL 40 um O

HF 48 2 20 pm O

47 pm o

KA 3 pm

3.1 gk RER

PRI, R 40 A 4 A s 3 — 2% B B R B LA AR E AT
F1% 40 FED F AR B, R T LA B 0 A W 1A B O 4 M
BH. M — kit 8, B A2 ILK 4B AN
2 x 10", T B B 40 i B 24 10,

3.1.4 P S EN M - DA AN Fn B R A i

EH L EPELPbat, Bk A YA 41 i 5 R
A2 . R A% 40 i ( prokaryotic cell) F11 E 4% 4l i ( eu-
karyotic cell) . 4 B 1 7 # 4= ¥ 69 40 B 0 JF % 40
Mo HALAEY , BNEAAY  EE HEY M3 Y6
i #4024 L

AR ER RSB - R Y

(a) 4cm (b) 2cm

(c) 1cm

B3.2 KBESEBMXRE (a) BHEMAN6 cm®, KEY
64 cm® REA: LR 1.5:1, (b) RAHE N 192 em® A K
64 cm’ KM BB R 3 1, (¢) FlB K 384 em®, AN
64 e’ R R HKO6:1,

TE 35 fZAF AT B 5 — A EB A0 M 0 oK & 17 {24
BB, HEMMEAERS /N KREBMAEN ERE R
2~8 pum AN H MK 22—, R A&
TRMBEA R RHEAMEH,

P 3.3 Az 4n e s 1 o R N 35 A B A
B AN MR, RA — A 1 X (nucleoid region) , 3
AR IRIE ) DNA 53 F, XS5 5 M 7E I X 9 .
—PTEEARELA - UBEX A ARINEEE
MIX . M A 2 R, AR A P 4%
M DNA §9454 & M0 8 . 5 A% 40 oY 40 ffg i oh
VA A b 1562 Bl R f 40 PO #% o R A M R /D, &
] B, AT A AR

HEL A 40 M — FF 5B 40 s A 5 B ( plasma
membrane ) , ¥ % il & ¥ 5 40 A e is . R
FAFZMEAR, EMNS0R TGS 0 ZHE, 5
RSB (mABEFERSFEEEMN) A XHE
H & .

K 22 040 PR 1 5 JIEE A0 D S BBl 8 A b A R [ A 4
MOBE, R E M MOFA BY T 4E R B R, FEE
A Bl S0 T3 A — > R Y S £ FR O SE IR (capsule)
B EMMEE, - PRIPENKR., XREABT
YR B AE— S R R R T b R S g T R R
B, SRR R B E (pilus, & pili) , K FR R HEE
(flagellum , & flagellae) , B & /91 FH 2 #% Bh 40 78 [t
EE—SY KR -, ¥R E MRS a8
VAR 2R 555 v T

KFIFEZHM, 5 28 okt — L, AFET
TR e A



32 3 4HMuASHS 40 HE iR

fURZIX(DNA)
b4

AiifsE R

Yl
HE

e

B 3.3 JEAZ A it AR P (36 DL AE SO (51 A kAR % ,2006)

3.2 HEAMBLEH

P 3.4 AP 3.5 S 3l Yy 4i B AN AR 4 40 R AR 5K
Pl o3 TR 2K A M f 3 ) AR R R A B R A 40 A%
i JIEE 2 4 ML S5 ( cytoplasm ) B e S 2, 4 M 5 9 A X
T2 Bk 40 MO R LA B B A R o 4 M R P A 4 I
JBE, X R —FhE W] BB O BT RE R = B A O B AR
T 3h 45 5 19 ¥ 5, 40 I v B b A A% A N AR A 4
H A2

3.2.1  ANMOAZ R FOAZ AN i 8 ) vp ot
— V) A% 40 g AR A 58 B 69 41 MY 8% (nucleus) (&

3.6) WL 3 Wy i ) L1 40 B A 4k B R 0 ) R A AR
e eh AT A A, S B AT B R A AR A Y S R
ERBABIPHAT. FEHABAZNE, KZHM
it A — 1

2 fi A% 2 4 A 4 4 ) PO 26 A0 M A AR L A K D
et REEEEMH. AARZE SBEER, L
BT AR ERETE JLR (B AREILE , W A REAE K,
KT, MY EEA TS,

0 MR L S A e T IR R R A

1. s

4% IE ( nuclear envelope ) £ 76 #% () A1 11 , 45 #4 1R
HH(E3.6), BHRHWERAR, BRZEL T ~
8 nm, WAMMZEZE N FEL) 10 ~50 nm () 8% J& &

B 3.4 Yo A



PR

AR
B

WM

3.2 HB4MuiLit 88

i sE
40 S R
W

nstik
SRk

B 3.5 MY As

3.6 B A (a) Fl Hela 40 I £% i) B BE IR i (b) (51 A1 Karp,2004)

( perinuclear space) , 7EZ Fh 40 g b , 4b 5 4E i ] 5
1 S OB TED P9 B I AH E |, ShIE A 2 R0 R
koo PR AT &N, Ab B S BR bR B S8 N R N
5155

R B A N T A Hh 1 48R 3 A R % 2T )2 (nu-
clear lamina) , U5 BE AR [6] O 40 B T 5% . 4 BUEZ 47 )2
L 4R E A AL )R EA (lamin)

Bk LA /L, BR R B AL (nuclear pore) , B 42
%550 ~100 nm, , $ B A&, — AL T4 KEYHM,
MR IR B0, AL BRI A A . BflmiE R
#,0H 30 ~50 FPERARAR, I SRFEERLES,
H ¥ FLE G 1K (nuclear pore complex) , WML E &
A& 5 B F i 40 FR M #% FL & F (nucleoporin)

BIEGRERZNIIMY RGP EEEEM.
B 5 43 0 % A 40 M b B AR A R X

F A E %S B DNA F1 RNA Fir s i 5 4 g UL Je e o,
A 4 A AERHAE (1% . ETERZ A 40
BN . A% N R & RP RNA DL B 4 %6 47 19 #%
A ST 5 3 K —F S 25T D 4 A P 52 B 40 R
JIT A 33X 2 K 4 4B 2 38 o A% FL & A At H A0 A Y
BRECEHE, AT EARKERATERS FF
FTAZ IR, i AR E1 (importin ) K 43 M 4H B2 Jit 32 A
W, i 2 1 (exportin) WK K43 F 40 il % vh iz 2
b o Ko7 A4 MR 2 R R My i, MR A &
—MW ., KTk SNBEENFESMEEILE S
K —ZHhREALEAMELR EHEE"(BESD
4 %),

2. 3R

i) [ s 0 gt B R G0 95 ACOKS e, AT 7R 6 2F
BB T B B A0 M A% i 2 B0 B 40 5 K 22 38 4R



34 3 a5 an e i

MR E AR R BB R A A B, X gk R Y R
( chromatin) ., 4 22 1R 89 3 4> #R % 4 {4 i ( euchroma-
tin) , K A e 8 3 I Y A B 57 3 {4 R ( heterochro-
matin) ., S5 Y% (0 55 B EAZ B E N T .

FUAZ Y M g 5 A EE R 4 & DNA Il &E A,
A i RNA FIEHEA . H R A KR DNA K
TR, RERIR, BY AR DNA K
DRGNS, LMK P ORE
f A B

[@— =Pk & R4 i, RARTEEMIBER A A
[A],{HH DNA & GEEEA R —FER . LR A9 40 g
' DNA & Bt 3 -1 iR,

F3-1 LMEYREEMAERAN DNA S8
DNA 43 VS UREN
AR Tl i o %4 AR (FA%A)
KW k1 4.6 x10° 4.3 x10° 1
R 5 % Bk 1.2 x10’ 6.3 x10° 17
S 1.4 x10* 1.4 x10* 4
A 3.2 x10° 3.0x10° 23

G 5t v i 8 1 B4 4 2 A (histone ) FIFEAL R A
(nonhistone ) MR, HEHE & 8 & MR AH AR, H
MR MR AR, EfTRE 54 U d #7 % DNA(DNA |
ABERR A ) 455 . HHEH4r R H1,H2A H2B,H3
H4 3t 5 ff EMTHR AR R H S, JEHE A FLR
Z, B4 X DNA E il ML EAREBE FEA
HH.

FH 92 56 T B 40 a8 5K B, 3 0 b 3% 68 5T 3 OF
BT, e W UBE T AT LLE B R R H B A 48
2 RE( 3.7) . X E/NERFR N /ME (nucleosome )
HERAHR 10 om, B/MEZELDEBRNR1.5~2.5
nm )42 AHE . /MR B0 5 i 8 a4 x4
HHE L (H2A, H2B, H3 fl H4 % 2 N4> F),
DNA 43 i) < 5 [l Se 7E A% O 9 ST (B 3.7 b) o 4
HA HI A /PMMEZ LIS HMU S DNA 454 i
B/MERIPE R . & B /MA 2Z 8]t /2 i 3X [R] — DNA 43
THERE K., & /AR DNA BFR b % # DNA
(linker DNA) , — M8 /hMA& L ) DNA fin I — Bt % £
DNA LA 146 />0 5 %, #4953 6 i 22 ) — > B 47
T AF R X A% /ANMA HEAT B XS LR S 2 4 B e B B A
KT S5 OB SEA EH .

A M 53 LI, Bl 6 5 — 25 ok 4R T R R 2 B 6

(§H2~H4){

(a) (b)

B 3.7 B/ (a) AR o B BRGNS T 44 6 o A R 1 B
BF/REE . (b) B/hMESHREE.

BT A WA B 8 4K (chromosome ) . 7E [A] 31 41 ifg o %
0,57 — R AN B 13X P R K B e A

3. #i=

A~ (nucleolus ) J2& 4 fifd #% rh BR J& 5% Bk JE 45 #9
(WLE3.4,F 3.5, 3.6), 5 ML 256 4 8
ZERBAM b, T DL G A G LA T RGeS
ER,BRGRERE, —BRABRMOEBECEB N1 ~2
o MR, AWK, FRERG,2 T
AR A, B E & E AR RNA 531,
90 M R b A VF 2 ORCIR BORE IR, i RNA (BB 1A
RNA,rRNA) B 3k H #%1~,

AT R AR 4025 . 4e6% rRNA ) DNA
FRA rDNA, rDNA — i % 7% 43 A 76 A [A] (9 e a4k |-,
X L6 rDNA [ X 38 B FR 4 #2141 814 (nucleolus or-
ganizer) o NHIBA-HLEZE LT 10 4~ (5 X)) Yefaih iy
— ity , T LA = A AT Z238 10 A4S EAR /DN, AR sk
AlE R 1 ~2 KRB,

4. ZER

B3 B 00 40 M AZ 2R AT AE Ak Ak B BR 25 B AL
A MAHEAMIAEAE A, 5 H DNA FFF# DNA,
1M Ja 43 3 1 2 B & 8 E R0 40 47 4E 418 60 N 48 45
o XA 19 4T 4k I 52 55 44 FR b A% 2 R (nuclear
matrix ) ,

B A AT AR S B SR 4 45 40 A% IR 25, 3 T
VIBEFZ SMMAEIE A L2 E . filan, F s



sz

1 P P

3.2 MBI 36

i AT A 5

ST A 5 Y

; P peaie vol T s a
o e O 8 RO T R

< s I e
7;\" “""’%‘_‘

> i3

B 3.8 N (3] Reece,2011)

PERRICTT KB, JLF BT A B 6 AR B B R A 5 A A S
SHEER.

AR IA 0 B Jo R & 2 A o B A, B
R XA PR X o 4 A% TR 3 B ) R BR R A% R

(nucleoplasm) ,

3.2.2 WM SR

R 4 M b ) N I & 48 (endomembrane system )
515 Z 4 L 2% (organelle) FH CHK , B 11802 B 8 % 1E
—id , SR E I /) B L (vesicle) TTAH G . B PY
JEE B — A~ F BB B/ B A /)N B ¥ PO AR R A A
Mgk, BRAFLZFMAMRBRANBERSEHN 5, H
XUEEEIESS M E MG E & A RE. T HBER R
BE Ay 20 R AR Th BB R R [ e N AR Y, FE A
FE 4 B ) A 5 B0 38 0] BE A AR AR AL . PN TR R G 4
BB A R R R R KL RE MKW RO SF
(K3.8), AMEBRARANNZEZA MG HNE, HE
SABEMAEAMANBEDAEEBEVOKR, T kit
e PN ) A A

N Jii ¥ ( endoplasmic reticulum , ER ) J& B % 20 A% /Y
ML EFZ B, AR M S SRS —F L
PR R e BT B /N 5 /0N B R B U D ( cisterna ) 4
J, P T 0 AT 5k 6 8 0 5 4 O IS A RO . R TR
B AR5 oA o ) ISR BT LA 2 A IR 2 (B Y S B S
PN JT I 4 9 22 (1] ) 25 BT 2 A 2 5 1)

PN A A X, AT A Sl L (B )
A EEAE ., — 4~ J& % I A i M (smooth ER,sER) ,
— ARSI PN T M (rough ER,rER) o BE T P9 5 9 ) 40
OB F — T b A RO, S 4 R B ALK, O T

JiE I AR A

A (ribosome ) (& 3.9) & i rRNA (% B (&
RNA) FI 25 H 57 4 5 1 0KE , 02 2047 28 F1 & B9 4
M. BAERES R K N2 AW RAR., FEEK
B B A B, MR R B £ . Bl n, A B B
PR PR A JLE T AR, AR A RIS R
40 1 A R N R (R R AR B R R A R
B 4H 2% ) o

0.25 ym
—_

WA

S5ETENRM_EEoRE A
P2 S

/NIERE

PR B PR AR A ) i S P B B bk

3.9 HPEA (S| H Reece,2011)

BEATEA M A R E R, — MR BE T
A0 ML R, 55— bR S AE Y 5T 0 A W L
B RORE A i B4 2 1 5 AE A0 VA B R R M L 1 4
HEAL PR R e ) B B (LS 4 B s R Wik, ZE 1
BORE AT & K B BT — R 52 B 4R SE 0 b SR 1
I, 810 4n A 5 ol 240 S 4 (G i A4, LR 30 MR
SRR T 10 40 M A0 BP0 B 0 g Ab o S 65 R
P15 73 200 154 240 ., 451 4 JR A 40 L s £ 5 8 i Ak i £
M, KPS BRI PR . S e SR
SRR LRSS R, ZF M ERM T L



36 3 4HMu%EHs S 40 A i

MEER, XTEREmASE R EA R, BHES 21 &
g,

ST PN T ) 7E 2% ol A () 64 4 e e 2 A A R Y
YER, B an & n AR BT B 2 i AR L 25 ) B ) Y A%
B,

6T PN T )BT A R B R L 4 i 7 L W IR A [
25, 3h'Pr AN i Y % T P 5 R BT A R ) [ R A HE B
Y P B R AV AR IT 4 0 Y £ R B SP R . XuE
WOE B A U E T BK 0% 40 B () Gn S2 i s O S 4 )
ef, T PR R AN £

JFF 40 Jfa 2 HC o % O T PN R A R S AR R
BAERMB) F . T A0 DO R e X AR, b
JE 4 K A A1 45 T 20 0 DA JHF 40 B o g ek, DA T 386 it
W AR . N o, B R K R A — A R R
B R MR , X Fh 2 X 0 R BE B i T 40 i 9T 2 A I
W o A A O T PN B B R A — A, RE B
B AR B b A B AR AR % e, DI i R A OBE BB % F A
1L 7%

6 T PN ) A R AE T AN Y i 7 O T A R
YEH o M350 5 22597 bRk, 38 oK i
5 FIERAHEH . 260 2 A Al B b2 2
L R 25 2 W R A T 40 B P9 O TED PN B Y LA X el
HRBAAEH, FL L B HZRAGY WU RF
22 L Ath 245 #2619 R ) B bR R AR Y
BB L, XU T XGRS, HEE
R R A AR R B R AR, ki AE . T
H A THEMENEA LR ZHER, VT —
b 245 9 4 6 TR P95 ) ) 38 A 2 38 ok 3 At 25 ) 19 it
Zo o, A B H 2 25 SRR A S b AR A CH b
ZYMIT R

JUL P40 v ) D' T P BRI 5E A 5 — Rl R R Y )
it PR I RS 5 5 DA 20 MO S R A L b . 9
2 wh 3 300 UL A 440 i B, 5 B A o sk P 5 IR I g [
B 40 g 5 1 v, 51 & L PR 4 6 AL 4

BETE R A R E AR, AIFZER
) 400 43 95 PR 3 AR 1T P9 R ) R IR S I
S, 4 FBE AR v i S 2 i R 1) i SR o3 A R A B X
FhEE . M2 IKBE7ESS & MR LA K, Bt
30 A e T P B P e — A R SR T ) /0N L T 2
AWHRIFEH P B RAROME ., KEE S WEA
JE 9 2 [ (glycoprotein) , B 58 28 L4 7 55 0 8 F1

HETEWE R AL OB R SR

A3 IR — HE B, Wt B T 9 5 O B f 2 7R
NI R 3 0N 9 AR 2 AR I — R S O N B 6 R A
B DX 8, 3 A DA A0 L B — &b 1) 5 — b B RS B N FR R
#3271\ (transport vesicle) , Hifiyiz WK 3.,

i T PN I A R o R T . EEE AR A
S EIE o o 4 9 % - £ e
ARF B AT] A A A A JBE v O B B i K A A0 [ R Ok o
s T P ) O AR B B BRI B 5 R T P9 5T Y
e f A 0 O IR P B T R L R B R . TR N R
o JIEE i K5 LA e 3z /)N o i) T S 78 N R R e 19 B
Moy,

3.2.3  m/RRER S o IR B ig
H 2 i

bR 5z /)N o B JF RE N R M 3 R S R
JE4K ( Golgi apparatus) , 3X /& & K F| A & /K % ( Camillo
Golgi) T 1898 4F 7 56 WL %2 2 (19 # 28 40 a9 40 fi
o BRELHN M AL, JLF B A AR B 4 i # A X R 4
Mu#s (B 3,10, 3. 11) , FATAT LA i /R 64K B i
A0 M P B AR N T AR L R AR S b,
HWERMN B = ERS M TMEERETEREADN
B, 24848, 765 W0 7F B oY 40 b & R &
R ks, MBI R /R EAERER A Fh—8
Jid - ANREFN N R . B — A e TN R O —
AU o

— BB — DR R R R BT, )
P 00 B 9 L B T B B AE R BE R 4 bR A BT
Al o 38 H 5 40 MR — 0 i 9 v 25 i R T, AR
KT ( cis face) , 5% F2 3207, T ) 5T B ) — il 2
M , R R ST (trans face) , 50 Fhaz )" (B 3.11)
“ PR Az /N ALK ) N N B B R AR A
X e ) i TE & /K A v AT BR R AORS 0 T, AR s Bk
“Hhiz )" I A AR B . B S B Aoz T B4
WAL, 4y 3% B 40 A R B b . | A BT A B IR 7E S R
Ak pitiant , v RER B . Bl BEE A PR3
Wi o> oI RE BB M . I LA, & /R LK b AT BB #E 1T ER
P R N T

R B B A R DR . 240 2 W i £
b P 28R R RS 7Y, SR B R ) AN
HAbAE A 4R ZHE



3.2 MBI LS

43 v ¥l
(& W J5URD)

N T~

(a)
B 3.10 @E/RH#E

Dt S0
Q R R

B 3. 11

T AR BEAK (3] | /R % ,2006)
B0 R B 52 N ST I B 7 0 9 AT RN TR 4 Ko — 1R R AR R A A — 0 2 4 A% ey 1 ST A2 S /N U B ke o PR TR TR £ 7 4 A G 2R B 4 ob it T
B . RS G S0 0 T 2 e A 1 T, B0 56 T A 7 A 4 000 /0N o o 7 I A B 4 % ) M A 40 B8 P SR B R B L

3.2.4 wEAREWEEEN

shy HEA— Y A — R R EE
BN, BB ARSE, KU R, KA 2R
PR 28 A1 AR AR P R K A IS o s el /) o6 A R A A
(lysosome) (& 3.12) . #¥EEA I H 2 i R /R FEAK B 5h
B ZF T . W R AACE A 60 i LA L B K fif A,

(b)

(a) FORARELNM A A /R IR (b) 340 Ml 6 R Bk

PRI P R R 0 9 3 A £ oy R P B BEH R . — A T BB R A A BULR T BB A BE R

Bifi pH 76 5 K24, WAL B A BT . 2 0 I8 BT LA &
DNA F1 RNA 55 K457+ 0 PR . 75 BB Zh G 2 0 1k
AT A OB A 4H AR B 7= A 0 B S LAY . B FR
BA 4 Jf A ) P RE DA ] B BRBE A B S 0K, X 2k
OB R 4 B B B AR . OB, %
B A S YR G , K iR B Y BURL 4l /N5 F
Y, XN FA S Y EmSE AR, 5
RGTH A AE R B v K D % 1) 40 3% 1T, 5 R R A A



88 3 4uMu%HHY 5 4N HuE R

B 3.12 kS5 40k

1 5% A% 1) AN BE A T #4040 Joi HE 32 40 MM A1 i 25 o

i M ELRE T AL A AD BB W), 38 BE 0
240 M rh 2k 25 D RE A9 20 B A5 A R T, (0 X 6 R R Y
) T T B A R P o A T ) 5 R A R 22 R BEBR IH
ST, T LA B A B X R AR R W AT I . IR
PR IZJE B P R, B A R B SR TR HT
A At AV AR N RFFI pH B 5 A f . AR
A o B i 40 SR O 2t A pHL 290 T B 41 i R
W 222k 2 16 o

VR AR AN SR R B AR A, /b I — b s LR g T
REGIE PG o Bilan , A L6 2L AY BT 40 i, % A o3 3k
Z 7K e 3 DR I B RS BB T A, DR A 48 L R TR
KERE I . X P 3L B Rr —4F . BMUAY K
fife g gk = A 20 A7 20 AR AP

3.2.5 WA R hfiE

O R oh R A B0 T T A A O,
FETHD MM T . FLEH MR A RSB 58
AN A A0 AR FRS 5% 5 AE K 4 R ) 4 i
X S /N 2 W O T K R B A — S ML, ot 4 i
FRAR KR 43, A i AT Ik 0 AR B 95% LA L T K 4
Ji J55 0 240 A 5 3 40 A Y S 2 (1B 3. 13 ), BT LA 0 4
I ERI RIUE | iR

AW W Y VAR k4 B W ( cell sap) , FE R

4 %

B 3.13  H 4 40 i i v

ATHLER HIEER B AR S RO E  F R
(anthocyanin) . Zf Jiftd ¥ F) = ¥ J3E i 15 48 40 40 M 28 % b
TS HRES . BB @R STE o RSB
A K, BIANIER 5 (20 R A g T HBE P M a
RH o WO AV AR Y 37 B, X S Y A
i DL S AOR S TW0O b . AU Y 40, 3h 35k
B A A W 60 A0 A W . B n R T 4 i v Y
EWL (food vacuole) , 3 26 JiT A= A= ) 4 fid v i Wi 45
(contractile vacuole) %, & H #A HA4%E ThiE.

3.2.6 bk Rk L 1T fE B AL

I TR T A A 1% 4 B R S N R R 6 R
I, A —Se 20 i 8% AN 5 N J5E 9 AH 3 {8t 2 e XUZ IR
£ 8k 1Y, X 5t 2 2k & ( mitochondrion , & mitochondria)
FTAA (plastid ) o H b 2R F & F 51 268 i it 4% 4
(chloroplast ) J2 3 ) 5% 46 B & ) 40 L 2% o

EROBLAAR I - S A #  ply IR, 4 19 40 L 2%, 1 A]
AN B MR R GE ) — 4 . BT B AR R
15 ER b 8088 UK 1 i 1, T 2 e U B 00 20 0 A T
[ o SRR TN I L U o R A A B 5 6 A% B A4, T BB
AR DNA T E B BT, A — 50 5 & 7EX
SO 20 A% H B b A R .

SRR A “ B3 0 T, B W E B Th AR K
B2 55 4 v B4 1k 27 B A 78 A 40 L v B 88 R 0
ATP R RERE (L5 4 55,

TG BB T, SOk 52 B0RR U8 AP IR, B 42
270.1~0.5 pm K21 ~2 pm, H 24 F— N4 1K



3.2 BHEAMNLH 39

B 3.14 LRI (a) RO I 1148 B BE A (b)

AN SRR EE P4 M AD N R o 43 A0 i 2R
ik %, K U 40 i b ok i R 2 3] 800 £ 4, i K L&
W E R A AN ERORLA

BRI LA M 2% . R P A R 2
) JEIR 40 B 2% (P 3. 14) , B P FE A WA ) R (ma-
trix) , AN 2 I 2Z 8] A5 1 o AMIEE- 3 AT &, I )
P AT B T T A28 HH 36 5 A S (crista ) |, Ul P JE 149
FTE AR A, A R F A A RO AT . I EL BT
PAE S, W LA P2 R R 10 nm (#/)
BR, XL ATP 4 /i (ATP synthase ) , Z&H7 {4 35 i
#A DNA 4 FRIZBHA Wit B A —EH s fE
A48,

SRR A A0 B R /NAR L, BT Y DNA 23 F &F 2 3
R, B H BRI ARl . 40 PR B A ohi A, g g
Bl T 40 M |, X s SR AT AR, B A
rh ) 2R 1 2 AR A 4 R B A A A R A 4 T
@K A AR TR

A 2 AL 00 440 ) 40 B L 43 1 €444 (leucoplast )
A 4k (chromoplast) B2, @K FEFE T o4
HAHMPAMAW A, AAE]FAER (W
DA HZE R ) Sl fiE, XU KEHAGAEPES
AEARAMIED , LEAH M.

AOkEAESEMOR, ALAOERSHERY b
F X (carotenoid) , 2B LB FH A, £ A
S BRI Y B0 R e X R AR T B, T
R PREHE PRI, B EHE PRI

N Z B FE i 40 & (lycopene)

BEEMA KR SE—# T B ERN A
Mods . WY R TAMGIE, BRI AP R
A —AEDBULA SR Y 40 i b SR E
Z 8 EEANAE, TR R SOk
HA K SBRRE, M-S AA w43 A 75 40 A i B — 5 TR
M A, U P S AR R ) R

MR AR AP AUZ I . SRR R — 1B
FEHE S5 (stroma) Z R E REVIR R GE (3. 15) , HEJR
J2 HL % BE AR Y W o, T AR e ) el — 38 O 19 B 4
J o 3K AP i V- FEFR K 2 B 1K (thylakoid ) . KH#F 7 K 9
A AR ST — i, iR — BB —FF, FR b S kL
(granum , & grana) . f—JR PR EARKHE D EAR
BI04, ZHAIE S0 AU E, EEERBAERAE
AL B AARER AL T P A T b, D] b a3 6 R R R OB
Ji ( photosynthetic membrane ) , 4% K& ki 2 6] iF A5 B 7F
JiE 22 v i e T K A, 5 s IS B A A B | PR Ok 7 R 2
P VR B e R A Y (18 3.16) 6

MERRAK —FE . ik d A 3R DNA FIRZ B84,
e R B — A AR B E

3.2.7 kRS HO0, R CIHanids

44 ( microbody ) F1¥% B (& — £ , th )2 B 2 4
BRGNS A H A r S A B K B, kA
B2 ot & Ak ¥ B (& ( peroxisome ) I £, [ R 1 3 {4
( glyoxysome) ,



40 3 “AuAs S A i i

MR () Py BN P IEE

3.15 44K (8] Campbell %4 ,2006)
B, (b) mEHA.

(a) &5 #5250

BT A e 2ES 23

L
—

—
—_— ———
—————eaa
\

—
e
———
/

B 3.16 FHERiARB DT 30 R 2 6 14 5K R K 0 14, B
@R DNA

WEAY A ETHY EHYHERS, AE
EALEEAE . M 4 A 20% 1Y g D5 R R 7E i B Ak
Wy i A v B S A o AR 1, SR Al R Y 45 R AR N A
M A BB H,0, {2 S ALY i i b A i AL S
AE#F H,0, 7+ f% 2 H,0 F1 O, , Wi ik 2 fif 3 1 H .
JFF e B o 4k W A RE GE RS S A B TR R
MR A B TR A 25% 32 75 i 5 1L W i 44 b 8
AL .

CRERRIEIE QA A T M b o 386 h A
T R R B e — I 3B, A M R Y 2 TR 1 2R
PR 5 o A ML R R 7 A A Sk B ) i R R e A A X

P b o 3 40 ML o B A 2 RR AR B A, N RE K IR
i B R AL A bk

3.2.8  AiJE-E %R 4k 5 a0 iR AR OF 35 )
iz z)

FEHL 7 B OR B B3, A W2 50N O A A
b B4 ML AR =R 7E N ML e H R BB B Y, Bl BT
AR, BHERATR I T M B %2 (cytoskeleton) ,
— M TR AR T R ROR G . A B AR AR
LY B 1) 45 F AN B 5 TR A AR .

S 0 B TR R O 45 T 40 B 5 2 2 A A AR A B 3
RIYER . X s 4 U B2, e A 4088
MMERZFTUEEXFMIER, 2 THEWBKR 4
AP —F . AT LIRS E R A A Sk Z E A E
XF 4TI B . 1R 3 B T KA Y 5 A
SPEIALE R A EREE T HMESNAE, EE
[P 5 40 7 S h S SE oy TR E . (HAIE RS
HHAR, RSN ©REM E7EH M b 5 — 38
BLAFAR , St 7 55— A~ F AL 2 2 2 o , DA T o5 7% 44
JL B FEAR

AR B S MM TE A L. 40 B AE
A48 AL B R Bh LA B 4 i 26 3R 4 A PR 2 3,
YA M35 3 5 FR 4 B 1K 43 F (motor molecule ) fY 5 46 7
HEAX(E3.17), ERBFZRGXER, B 0E
AWMz 3h 89 A WK 3h B H 2 (kinesin) 13 ) 8 A 2
(dynein) , i 2z MR E A S, FEHLHEET]
3z Bl WL P A0 ) e 4 B b 2 08 T ) 4% 338 L AR S X
KEAFA K TEI7AE 3l W) 40l b2 9 i i T2 AN A
7k Nl W5 N R Pl U R U I ]
=,

HMMMFRO = REART4E(R3 -2) B
& ( microtubule) .f#% 2Z ( microfilament ) F1 7 [6] 2% ( inter-
mediate filament) ,

1. BT

WEFETHALZHAROABETE S, N2+
Z R, HRZ 25 nm, K 200 nm £ 25 pm, .0
B BE R 0 B B (ubulin) 4%, X2 — M ERE A
(K3.18), B—MEEHEASTFHRE—-N K, &
o - FIB - EHEHAM. MERKEHRFMARFN R
g n . OB AT LR A i 4 (SRFR AR 3R ) AR S Ui
BB U R A 4> SO AE 40 Hb O At Ak i BT 4
R o



B 3.17

&5y (H1 ATP f#RE)

e

BiE T K34k

7 l
ks (1 ATP fiERE) 40 A B L A i

(b)

3.2 HEMEKZEHR  4#

(¢)

DR T SAMRAER AREEPOBERNL S DS FALAER, SIRMMIED . Dk TS8R, 16 O 3R

2 FEE RN ATP WHES X RS, (a) EER EM SRS FHEMERMLH T, (b) % 76401 8% 52 4k b 10 53k 4 F (i
TR BN, (54 208 B /N s R M g A R B TR . () 0%, (b3 [ Campbell %,2002;¢ 3] [ {6 K & #
44),1991)

F®3I-2 MRBRHOSEHMINEE

U ez ] 22
4t WS REHR IR E SN A 4R E
BiTHEER Nsh&En4 SN ey
o F 4 W R 4
ARG
ER 25 nm, P A 7 nm 8 ~12 nm
15 nm )55 i
BAR WMEEA.H NHEA oA 2 &
WH  a-FB-HE H R K 8
SR 3707 BB Z —,
LNTIR
TEYGE AREAMIER, 4ERFANMIER 80 4k R A A
Mfizzh (€ BHEIER A JEAR, B2
FHEE ), 41 M Wode, M 0 FF o, 4 B R M
R PR ALK 41 M iz 3 (b I fb 4n M
MRS, s 2), 41 a0 R KR BETGE
MAEY K4+ (JEmRN) I JE 1%
iz 3%

T A4 1 SO A M TR, R A AR RS

SHPE (B 3. 17) o 405> 25 72 v g A AR Y 4 55
WHMEABEVUXR(WESEH),

HE HEE PO EREH SHMER X, TENR3.2.9,

2. W (NzhERLZ)

P2 RS, AR T nm, XFRILENE 2 (ac-
tin filament) , i AL 2h 2 (4 6. AL 3h & (A 2 BROR &
1, PR R W48 T 1Y), B A % B R, T HB DL A T R
e P T XA 28 R, BP S LB R 22 (B 3.19) . 1
2 TE S Y Y4B AR A

MATEARIRPOIERZ™EK (L), E
I 5 H A A R — &, 76 B PN T 2 AR — 4k i ) LA
PR . Bl AL 22, FE R M
A M A EMM P EFENML., MR
HHMEMMBAEE A, fiABRAES EHH
T AL

M FH 28 IRE. MBI (cytoplasmic stream-
ing) URATEM 2 R HAMACEARMEHRTLHAM, X
4 P 40 B A — A R AT I 3D, 7R K AR ) 4N
e G HCH L, AR R B ) T A 40 B Y 4 i, AR
JE e Oh 2 0 A= U0 ATl 22 A G Bt R AR T i iz B
54H %,
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B3.18 ME (a) MAGMM-PHME EEEAMARAZOBERZ. (b) MERY. (o) BMENIENRHER.

B 3.19
BIE SR 4

(a) /NGO EF 4E 40l P B B 22 . (b) WE

4 4 3t B (cytochalasin B) 2 H i # =¥, €
e sh B ZmE. B M AARAEREKNRER
Jik ( phalloidin) fE Bl 1F IL3h 2 (£ R, — FH A REM
YA i 2R R A AR AT | A 4 AR TE o

MEhEAKE AR MEEER . #
wn, AEFEONEREARBEROIRERD, SRS
EHRA, A BEA AL Bk,

3. g«

FlalZ B —KEHA R 8 ~12 nm WA 4, ik
R, LB 4. e 22 Mk 2e — R, A5k o
mMKEAFRAILTHFZ 2, % WA fEB (kera-

tin) \IE & F (vimentin) 4 /2 # A (lamin) 55,

il 22 BB E R A5, SR ML A .
JE ZEEHAAGME A RIS AR SRR
FA Ak 2= b BAT LB 25 30O Nl 22, BT AR v 1] 22
(P& 3.17¢) o 316 W o [ 22 76 4 < 40 I T8 4R A 81 5 40
0 25 5 5 TR 0 R 1 4 R R R S T o ] 22
R BT B, UM ERE, BAERPEERF
) 22 , SRR .

3.2.9 WE . 4E.PhokS5iEHA X

i 7 (flagellum , & flagellae ) F#1£F F (cilium, & cil-
ia) 2 ANMRE MR Y, D REE 2Rz sh . MEE ML
EREE AR, X7 T BEFECE .

AEEFHERL HEA0.25 pm  EHES
FEAEMEKERHN 10 ~200 pm, — 44 HE%E RA
— B BULAHEE

WESGEMMITHARFE . #E LR w §
ek AT M SHERN M. FEHBREK -
FESk 42 3h , HoardEr m 54 B EE.

BRAESWEAEKE BHMEMAT X EAF,
HENELSH EHE N N0 82
R, TR BRI m AT ERMNEAA 9
W, A B P AR T AL, FR O — 3% 1A (doublet ) fif
P REWABRE , XN 9(2) +2
HEFI (1 3.20b) , #iE AL B A 350 -5 2 5 7E 40 B R
7 i) A ( basal body ) #H3%E (& 3.20¢) ,



B 3.20 HiEIAKKL PR (a)KH¥. (b)H
B, (c) BB, (d) haRgiE

R Ed 9 HMEARNY , AdEREh 3 R
U R, R R = RO, i LA R e B
B XFEEMBEXFRA 9(3) +0 HEF (A 3.20¢),

VF 22 S 20 A B 28 D AR Bl ) LA R4S b AR ) K
FHAWERST E., SIPH LR, I AE LK
M R A, HEE A 912 B AT 4
Bl E, 5 A R 3 VK 2 Bl 5 3R 8 40 i A
] F 8 A B R B s, A0 A< PN A T I R A i A &7
B2, THEIETHEREFYEIT,

KL (centriole ) J2& 55 — 28 HH 3 A4 B A 40 L 2%
(B 3.18d) ,fF7E TR/ HZ M b B F YA
Fe g A g rh A Ok, B TP A 2 A
HutokE o A% R B A HES o A O R B HE S AR R
AR 9 R =R IARRUE H AW, P R AHE, SHE
B SERAR AL, 76 & 2 6] U5 2% B o b O R0 B GEAE — A A
Bk () 40 M J5 , B b0 44 (centromere ) Z 1, HL (R SRR
SO AU, B D VR 22 GO AR R A X B 5 S AR A
FAEMLE . A S B ORR B oA S 4 i o R
XFR.

3.2.10 4R 9% 5 Wi 40 1

20 g BE (cell wall ) 248 49 40 I IX 51 T 3h ) 48 i 69
BEFRZ— MR EY AN, g5 PR, H
EEARRBGE R KD, MBREY TS, FFILH
i g U [ O BE A A W RE AR E ), A BRAE = P 4R
SLo LAY ECTE AN LG R A A A N D BE R AE
%6 RHitit.

3.2 HBMMMLSH | 48

) ) 440 B L TR RS 22, 7E 0. 1 pm B pm
Z 1] 4 i BE i Ak 2 14 R o 52, 7E R — PR A
) R AR B R AT SR . (HAEE SRR RE IR, i £F
Yk 3 20 1 13k 4T 4E (microfibril ) BEGBCAE Hy 3 At 22 B
AR P BT 4 0 0 R T vh o X b 2, BIHL Y 7 4 B 7
HE 5 22 v 0B 7 TR R A R RO — AR o

A B 240 Y 53 A A 4 V) 3 AR WD A BE (pri-
mary wall) (P 3. 21) , 764 45 40 g 22 6] 4 — /2 fa ] 2
(middle lamella) , 33 & — 0 J2 & 7 2614 09 22 0 B SR 6 R
B IBEo JROIE] 2 HE AR <08 BG40 RS 7E — S . 4 I R
FIEAKE, ERREINE T o A Lot Yyl 2 ) B A BE
Hh 43 AN ] £ 100 T, A FROREL ) R A TR E A ) A BE 2 )
i — JZ K Az BE (secondary wall) o YR/ BE @ # /2 & fn JL
JZ , S AL I [ B, A B AR R SR B9 VR . AH AR 4
JHL B BE b A /INFL, 20 S5 e /N FL B A E X A 40
6] ) 32 B2 FK 0 iU 8] 3% £2 ( plasmodesma, &2 plasmodesma-
ta) (& 3.22) , 33X RAH Y 40 il (6] 5 A 0 22 4307 Ko

N

B 3.21

L) 240 0 BE

) T .
ég ; } R
mmg
@&ﬁ 0
mmz
ﬁﬁﬁﬁm

B 3.22 AH Y 4A MU B B (] % 22

ML GILFRARKATHER (K 3.23), Wik
FFAERT , Bl B — 26 3% B2 40 M BLJT 4R <, 13 ~ 20 X
JG A SEZ L ATAA (1 000 21 ~3 000 : 1) o LAY
20 0 4 400 A BERS T AR S, 40 M5 Y A7 4E R DR B 4
FE PR TED , FE LUK A BE . 4R I SE S BT B UK A 40 BE R
RARIELT 4. FT L MBS dE R h = H R .

AR A 2 B 240 i 35t B A 4 MY BE T 2E R o (B AR AR
TRl AT 4R R 78 41 4 R B 8] BT b ST — Fh 05 FEE



DAAT 3 o o

B 3.23 MAELHENER (a) MAERMTFIE, EK
MR AELT 4E . (b) BB YT .

M2 R F Y — AR (lignin) o B {8 40 ffd B I [#
fiff F, e R AT AR A B 50% LA L.

ERTHEMRBREAHFLZRE TR AR
Y 200 8 B R O 4 U BE L BREF4ESD R B —
PR R A K J5T (suberin) 98 5T o BB — FHAR B B9 A
AL B2 o Fl T O I 40 B BE EE O, 25 BB, B
LAE A s ARk R — R IR B, T AR R AR B K. &
B 40 B 5 S BT L ) A iR S B 4 D ) A A A 0 BE

3.2.11  ZhPr a4 T oh Ik o Foan i % 2

BN ) 4 M A 40 A BE  (H R A B S 3 B (extracel-
lular matrix ,ECM) ([®] 3.24), ECM 9 T E R4 24
JiL T 43 5 B4 0 2 1, 2 B R B ( collagen ) |, ' 7E 4 MY
SR 2, NMEh 2R EARAE —FEK
Ji o JBE DA A Y HCAE 3 — FoRE 2R A, B R OBE (pro-
teoglycan) FTJE B M . BB A RBEHRERES £, W3k
95% , A M AT LUE sk K E &9, i 3. 24 Hh iR
A 7 —KBEEA, L% A (fibronectin ) i 4 ffl 5

BIKEH

EOEWST  EARMELY
/ EEHT

ECM #i% . £F %8 AW 5 8 & 76 0 Y 1 88K R H
(integrin) #Hi% . X ,ECM B M4 AT5 . E
A UEHE R B ECM RE R i 40 i 2% N B B9 15 30 .

Y% 3 (cell junction) J2 45 76 AH 4B 4 i 2 8] JE
JI B R B , X TE A0 B R R S A A 4 A b R 2 A
. SRR A 3 RS AL (18] 3.25),
BP 467 ( desmosome ) | ‘5 % 3% $# (tight junction ) F1[a] B
% 4% (gap junction) , 53 T F .

FERRR FESFA N M Z A —FEdE R
72 [ 0 20 L B, FR R R, MFRLTE FBLBE R 24l R
B BELREEH o BT RL 5 40 B 7 JBE o 0 o (] 22 AH 3%, AH
T 240 JH £ 400 P R 1) 3 b % R o BT ABRRL B E BT
REZ ML, RIR T2 M SNET sl MR 2 05,

5K 3 R AR P AH 08 4 S 2 (1] ) 4 i R
o, R Z B A B 2 B, A Y A fB . 7 b
BRARD , BEHEEA RN MM — & REH R, 52
A3 P T 4 M 2 (8] F A T A R R — N SRR
FEAGE, N BT Ik T Y BNl 2z ()@ ik o PR, B
e HE ORREF PR L B an, R i A N BE R A X RE ) bR
R, i 8 Fh A 4 5 2R 3 ok 40 B AT AS BB A 40 i 2 ] B
et A B BE b R A A R R i N 2 R
ANREM b B2 4 B 2 18] 2F o, 10 B N BT Ak Bt X RE
F kbR A M ) 40 MR A A B . B b B A MR A
HAEEA (WS 4 7)), 1 W T Ak ™ 9 2008 i 384k R
F ) 3 3h e iz T oF oo IS F A 40 B, PR O 5 — b Rk
A ML, B R A AR X s ) HRE
i JEE 3 0L, T AS B A i ¥ 3R 9] i

e SR ET 4

BBEA

0B SR A9 22

3.24 Y4 B A f 4 3K B ( ECM) 26651 (5] (1 Campbell % ,2002)



() i & Bz 41 a9
40 g 3 B B 47

- R
|
T e Bt

0 Fa AR

(c) B¥iER

3.3 AEYE—Rsh ik 45

L
(b) #FH

(D

T 5 2 4% 3

(d) [a] Bt 3% ¢

B 3.25 340 i 4 e i 4

[F1 B 342 3 R 3 A A (9 — b 40 L - P A
] A AR A ) (] Bt , L SEBEAR G 2 ~ 3 nm, B{5F FHIPRZ
] A7 — ZR 5] 38 3E , (5 79 40 U A4 40 M S5 R Ol . X 2Kl
EHTEERA 1.5 nm A4, BT LA, BB 38 i 69 W) i =
TR B T AU X 2 7 RN KT 1000 B /hGr 1, 40
RENE B ATP 45 . cAMP (35 {5 i1 ) AT 18 i (] Bt % $5 i
T I — A~ 40 AR R 2 S A . cAMP R 22 il
MEFRMEED T, A EMEINETRF 2N
RAE B, B AR cAMP #3152 5 % U1 H 5% (W
3.4) o] Bt H2 SOPRE TR 45 | PR D 8 1 20 i i TR T
TEE,

A — B R 40 i P AR B A= ) I ( biomembrane ) [#
BT — A X ZE (compartment) , X EZHITHCD
ThRE. 2R REBR PSR E5ER . 408+
R MR N R, O R R TR 4 A, B
20 i P9 ) A S O R R AR AR A IR R A RO T

A=Y R Y R — AN B 10 nmo S5 T A 09 A= 4
#PA 1k $E 15 M (selective permeability ) | Bl B A5 — 4y
J 2% 5 i ik T K AR 4 4 RS BRGE . X T 48 i
B, X AR A, A R A HE Y R G
AR A 0 B B R, X URSE TR,

BRI 5% T A2 W IR 5 14 22 TA A 1Y S Uit 2l 48 e A5 7Y
(fluid mosaic model) ([ 3.26) , X & E B Pl ¥ XK FE4E
(S. Jonathan Singer) fil JE #} /R # ( Garth Nicolson ) F
1972 4E52 H Y o A AT 38t 5X — A5 Y i AR 40 2 A= ) e
B A 27 23 FIRT A B — R SR

AW IR 32 B o R IR R R AR, th A R
KBV R 818 T2 BERR , BE IR i 450 e e 14T
RETE WLIEE . %A /2 W9 5% ¥ 43 + (amphipathic molecule)
WEA7 25 i B3 43, o A SRk M8 4, an i 3. 27 TR,
X A o3 T AE K W A% 5 TE B X2 (lipid bilayer)
AR AR R A PR, H, KPR ER
i 43 ¥ A SR KRR IR M IS4 .

HRAE 20 fiE 22 20 4540, 51 2 2 5 XUZ 19 1)
Ui, FEAE R DGR AT “ Wi sh ™ Fn g PSS



3 40 MSE 1A 5 4N i iR

/3
MRy WA

MRS BAEER

(a) ity

(b) = (A AR

B 3.26 i)Yy 4 M R R FK 25 M BEEL (51 & Campbell
%,2002) ALHE RS AN AL R

(o) BRI S

B 3.27 BEIRMPIRMESH

BLAE L 3h S kAR R O KRR 252, IR 0 ' RE A R T
A BAEC A S 5C . I 3l B AR R T £ AN B g LA
BRREFOBMR WFA K, EQREERIRE,

3.3.1 JBEARHish i

A ) IR AN J2: oh [ %E A 3l 19 23 F 4 Y A B 4
o BREEA b2 o W% AR A9 5K B i 17 AR 6 AR A K
AE—EK, M KA LEREEMBESRBL, X
2815 AN — 4 4 S B AT DA AE R e A% s, B 7E
5% £ - ThT P9 % 3D, X 6 43 - AR A AR B B BR SK T, BD

MIERE P —ZBE S — R L, HAXERSTFH
KRS o i B K R, X R X LA SE B

BERE > T FE R B 1 B S A R, SF B R
2 pm, AR T HIERS FXE L, B U# 5 W g
"Bz ALFZEARS THEHES . & 3.28 B AM
NEAER AR, WERIEHREA BT, %L
BRAFFA /DRSSP W — R4
A0 A 4 /) B4 B 6 B A LA 5% O R B R, TR X R
LR i DERES AN U SR R s i S
Uik A/ R B R LR (H -2 LR 454, 45



Fe/N AN R EA T PO, X I 4 M 3% 1 4T ( HLA
PUE) RA PO GRS & o (AR R & e, A F
1 h, BRI A 4 o fE il G AR R . X —
S50 Ul W R T AR B B9 .

R A PR

B 3.28 AF/NRANMESE,EREEAMWES  HLA
A E 40 BT (human leucocyte antigen) 45 5 , & A K 4 40 il %
T — i D, /0 B AH 2% T 6 B DS BR O H -2 B

A SRR F A IR ) Bh B 1R R 52 B RN A 4
9, X AT RE R ETE I A MBI ) Sk IR S EW
EMM A RO LB, AFZREAMTFAER
3, TENMEEMRERLE,

15 P58 o R ) R ) 90 3l M DD, B S BRI AL TR
HEZ B AR, BT 2 [ 4, 45 1 52 R A , % 3 8 4 Tk
AR A — o IR ST Ak Y T BE R RE T 4L IE 4 R T )
A, WRBEPRBEESAFENANERELRE,
) A O BE RIS . Eh T AN AR AN B U R R A XU, E AT
B R AN BE 8 AR AN s i R B9 IR R HE 5 45 K (LA
2.8) , i LA [k i R A

oy 4 D JBE v A I P R O A AR R
240 i ANV 0 4 T ) B v — i B A IR [ B B 4 i
wp, BB A i UL HR BT o b K5 i FL 3h P 4 g
hLOERTRERIBEIR 0 T — M 2. HE EEH R RS T
(P 3.29) FEBEBUZ BT B M s (—OH) 5 i %
i B8R P (35K ) S, 000 6 A9 55 A% (IR o ) 5 B I 4
v RAHEAEH .

FEAS R BE T, B [0 % % 614 9AE 3 4 5% o RS [ o
FERCR AR BE T, e A B AR 37°C, B [ B% i T
BRI T 8RR 5> 7 B9 B i AR T IR B W sh . A,
H T B WA R AS T 8RR 2 7 ) R HES et el
F [ A IR BE AR T o

LR FF RS A REIE W ZIFEM, e @ ¥ AT
BAL —FERRRS . RELE , HE kL2,
Hrh el (A B ik £ s 40 M nT LU 1 g

3.3 EYB-—WshEiRsn 47

oH Rt Sk ()
CH,
CHJ/CH,
ch | e
§ ¥R
S
CH, CH,4

B 3.29 ®EE4 2 ik BE E E

Jot 4 B LA 3 7 B B8 B AR A 9 40, V2 Tt S ) L) n &<
/NFE FERK T H R AN AR AR WU 2, 3 R X R
TN, (R A Y IR AE A F A BUE ML

3.3.2 JBREERIRI

JEE A AV 22 b R [R] 9 28 1 5 R A MRS 1 iR U2
(K 3.26)  JEBUZ 2 B 45 Fa Bl i 28 5 )
FE A B K 28R E T RE . 5T R A0 & b 40 Bt 28 A
HWAAEMNAMEARNASE. Bl, 2 a0k,
CARBMAHMAES A S0 F LU EHEAK,

ME3.26 HATLAE M, AR KLBEAS . BHE
% M (integral protein) Fl i ] th # A ( peripheral pro-
tein) . N TEER H 5 3 5 U2 1 i KL, F ZER 2
A R . BN TE R K X2 B — % R
BOERAEMMEEERA NN, B2 o B, EAMK
g3 W SR K DX I ) 2 88 7 R A A1 K v W P .
FNEAREABERNZ S, EMNEHEY —H5
BN TE 2R R A BA 45 6, B B 2 G B A JBE o8 7E 28
I B 2% 58 7E RS 4 I

TEF BRI MO |, A EA RS WA %
FE 11 4 (351 5 0 T AE LA, A S R ) S 0E B TE
MISMFER I EF 22 |- o X Fh A EEE R S Y A A —
AN 45 IR [ £ S FRAE B2, L Bl £ JoR B 1R

JERN SRR AFRIN . BNZHHFE, ik
S R AT GBS [R] , i B o 9 2] R 43 B ) 3R] BB R
[ o Jo 5 vh i A BE 2, 38 B0 38 B 3X B A X FR 69 43 A
S 7E N T ) 2 ik A R L A E P

Ji B B B H A P2 T e, B 3.30 fif sl 6 Fb
FENYIRE, XL R EAR B E ST ie, XBE R
BRI BN LR, —> 40 M 7T REA 55 BLILFH Th 6B i
BEE B, T —FE BB AT RESE B LA I RE . B LA, IR
FEGSH E AT BE b A0 2 B B o



48 3 ZHMuZH S A A IR

A FEIE  (a) FRLEM B. fiEtE R L
HEA L MR RA % FhEgSL R — Ak
iz . (b) s £

IZTEE ATP (/KR

E. 40 g4 g 53

F AN B 28 5 udh 2k
Jit (ECM) 3K

B 3.30 JEEAMFLEINFE (51 A Campbell %,2002) fEiF
ZWOLT , —FE A R AT REA LT —RbIhfE

3.3.3  JBE EEAEE 5 k i R) 0 Pt s

o 3 TR RO, — o AL i S IR AR A,
1A B 2 1 (glycoprotein) , /b 43 55 B AR AH 45 A, L
¥ (glycolipid) . ¥ RAF#E TR IE A 402, 5 40 R
) — 2R AR (E3.31), BmSs EELEA
W H R DL RO R RS MR R H BT AEY .
Wl e — FBCHR R S T LA 4 S O BEREEE . BT 7E 4R
B P AR B

TEHBE AN AR (R AL (W) A A A0 M 5 T Y — 2 B
(glycocalyx) , HH T4 b & 7 £ oL fof B e Y R ((si-
alic acid) , it LA B A% 40 Mg 2 a1 A L fr .
4 JB YR 5T 21 (ruthenium red) ¥ {6 J5 , B 45 7F o1 5%

W kb
WS

o ot L
L A

B 3.31 piss

TR TEERESN—FHL,

MMRBI T AR ERE, flw, 39 KK
FOERF2HMRARALNBERREXREEN,
3Uhn, G R ZR G HEBR A1 ok 20 A (6L 45 4% B RS AR i HE
5t S HES W) A B Ao A AR S 40 i i OC B A
TR 440 B 2K T BB 43

Ji RSN T ) SERE S T IR R AR R, EEE
[ — A vl PR 240 2 R0 T S o 4 D K T ) M 4 %
LAV A 2 B O 45 SRR S 40 D 1S A0 I X 3 B A
o Biltn, Ay 4 B A, A B AB F1 O BIMFFAE, 2
P T £1 i 40 3% T P B ) AR R

Xt 22 4 M A= W, 40 S S5 A0 M 2 Ta] Y 58 TR R AR
A6 ST L 7 WA YA R dE R LR R L 4
291 1) JHC Al 200 L (5 40 F) B BE B AR 1 ) R 3RS, 4i i
RIEW FEERAAE S (B —Fp 2 F 5 sk At Ak 2%
YR ), X415 5 5 & 18 (signal transduction path-
way ) e Ji 5| &2 58 4f i £ 0 )i ( response )

BAEZEE LR FK (epinephrine ) 5|42 UL P 4A Hd 4%
JEK A R A R R I 2 SR R A E (K 3.32),
UM TR E HCFERT, B b BR b 4 40 i 5 00 A 4
JifL 22 18] B & A= SE TR . B R A0 A I g AL P 4 i AT AR
BLE)BIAE . B bR A0 P ) I 3 P A — R R ——
ERR. BEREZRE-FLEES. YXMESH
I JUL A 40 I, A i 4 R b Y 32 AR R BT IR B .



B 3.32 4ifif5 55 Fi&E (5] 8RS ,2006)

TRERSIETHRITNESHE SRR EAEMFEN, BER
I A e UL PR A8 D, UL P40 R 2 R A R
I 2 — 2 W LR ALK R, R A R, AR E 3
MIREIR o X — i H 45 0z 3h 8 3 Y T TE
1o b o 4

TSR AR SR AR SRS A R 3 BB
3.4.1 {5958%

i 7 #0& — Bk (ligand) , B — A fE 5 5
R TR 48BN T (MRS 78T
EAMR) , E SRS REEEZE> T RERR L
MR o 52 ARG WK 20 R oI o ) 2 R

BB R WLE RS C EAMKKNZA, CEHA
E—KAES CTP 4 EHA . CTP REKM ATP(Z
W4 1)HEEY, Al S IR T IREK . GTP
REAE KM} GDP Al Pi, XK Z K h A E IR R T
2 FOAb SR LA B i 22388 T 9 32 4K

G 35 P T 3 4 7 J5T R 9 JH o U, R 3 T K B9
fEM. X GHEH'S CTP G551, EA % ;45 GDP
giant, wErETER . BTLA G BAZER GG o 2
2:OERTHZESTEZES ST, TRAERBEM
H5EESFEEH CEAPIEIL(S GTP i) ; OiF
Ll G EEAEFRE LB 5 AH KK BY T4 5
Q& LI B 7> 1 51 & B, ) anoBE JEUOK . G HAZ
KRG Z X 2R EZ R, Bl e A E A
FEIRGE 2% B AR HEAEH

HAEPT A M5 5 2 AR e BUR b, A — S A
AR o il 4 1 3 3R 52 B (testosterone ) ) 32 {4 B 7E
240 L 98 JBE T, S R AR L 4 8 ) S R RO B ML P L A%

RS

3.4 4iMuEIR 49

PE IS /K R
P fthe

B b AR F TR LA A0 P DA K A

B L, UL M 0 M B A MR B2k, 2k
He 7 S 5 ok A MR AL P i B R RS SR A
KEAFHE Mo

3.4.2 fiu¥weer

FRGFSEZIBRLR LEAETHERS#HSE
BTG, FERSERVEHERGS NZEK L
BB MM N KA L — N, XFEEASBRE
Kt B, — D ZEERT — D2, A2 R
WAL=, e EE, NMiZEENE,ERNES
BFHRALSMESHFER, ERXRZHELT,E
HEHFAHANM, FoHIFHREEMEBNE
B, B—NMERLREPELENRKBREEANE (E
R 8928 A, T X Pl 2R A AR A R b W R 1L 1E A 5
i,

{85 26 1 5 % R AL 1) B AR R 2R 1 B ( protein ki-
nase ) , Ho.AE 2 ATP i) — D BERRAR X 2 3 A R
o EARSFHEREEEBRILK MW AR
B HERR , B 22 E R MR R . X KWL ok 77 76 T
Y HYMERNESEFEED, EAMBHE
EHEFRESBASE S, RIWERDPKAE 1%
MmN EARMEN., —HRPTRARAEMER
T o

Bk F S FEANIT S &% EA RN B
FRAL , BB 4 , 24 50 R 7 7EAS 5 B 40 B S dn fa 36 BA X
FRIBARWE? Ik 5 & 2 (A B MR B ( protein phospha-
tase) , BN F1 BT b 8% 25 % R AR A0 G . 40 B op o
HEHEBRAMEEAMMSEABREZ R M
-4 .



3 ARMUAE S 40 IR

AN S SRR EMERNEA %/
T, 3 ek M /N o F BB F AR O B {5 il (second
messenger) , MISMIRES A FREE —FMHE". FHF
ffirh EEHZ cAMP Ml Ca’" , cAMP & ATP JE /R
(Z2EHE4.1),

WO RRFE S A0 M R b 2 ARG A, 4
J 75 e P g cAMP e FERP IS . TR R BRSNS A
F(HLERE) S EMZESGS, NGk T BN
G HA,G HEA I T 5 1) B 8L 5 L (ade-
nylate cyclase) , I f{di ATP ;7% Jy cAMP, cAMP 1K
B R, XEAS —FE AR A

Ca’ " FE R 55 {5 f 4 15 FH T BB EL cAMP 38 3% 5k
20 O B R B Ca® e B SE O H AN M AMIRAR £, AT RE AR
EZTfF. BETFLHESMHEFE(SE 4.3) i Z M

FHEA PR o H T 40 e Ca® AR BT LA Ca®”
B2 RO A AR, B A U R R KRB . X
2 Ca’ B AR A

Ca’ " % 5 45 ¥ 2 11 ( calmodulin ) £5 £ 1l & 15 i .
WHEAS Ca™ WA, MEHMER, RF S HMEN
B4 & , ()5 & S SR TG o O 85 0 2 A R T Y g
A R 3 R R 4

3.4.3 B AE 5 00

17 5 ¥ T B B 2 45 SRR A0 R X5 5 B WA 1 o X Aol
Wi S5 T A2 R O Y R W AR, B E R A
BIAEAL . bR R ER A 6] 1 o 20 A i L R i
FRIEE B A f, B I RE R AR - 1 - BERR (I
3.33),

B 3.33 X5 S M0 N ({5 Campbell %5 ,2002)  'Bf | 5 22 5| R0 5 ) B 6%



ME3.BAUEFR,FESEHESFEETPATZ S
B, NH2aFXAZEER? HERKESHOK, K
KB 7 Rk 2 B A HHK (cascade) . FEH —NRIKL
Bh T —SMAEENYE L -2 E, wim
FAIT R H X b 2R B SR HAE 22 oK i B R AR, LS X
PR — KA RHEB T~ —5kig, 2 15F
Lok, WK 3.33 v — L RE, 1 AEF LRE S
FiieEsIE 100~ C EAS FHEL  REE 48
SR N0 FEREE . T2 6.7 4 B|UE , Bk
KTTFaEIfE,

HFEHSEAT M, 4.4 KA S
I 30 8% e, PRl G AR 2 B B Z AR RS F. W
W AR AN M T i 8 3R A o O R M R 1) B R,

AU JULZ PR o 07 0 2 Wi 4, 5 SRR O B . R A4
SHXFEH? HAAFRFEMHE DA ARHE
)2 H o

iR e T AR b AR R AR AL A4S S 1 P ] 23 AR
FE A0 MLV B v o 3X 26 43 KRR 2R BT, 7E 40 L VA I
MRS RETR . IR 415 5 1% 18 5 FF AE R B 2R AT WR 7
VAR B 58 & BT BT 1 19 32 22 43 F (scaffolding mole-
cule) , ENEEBRKMEA TS T, 0 F LAl
HE AT LA v ) A% 33 43 1, SRR AR 5 5 E A R
To BlnfE/ RN AR TR AR T - ZREA,E
AE 15 JL A o (8] 4% 32 2 AR 5

M EIREEDH R RE D+ EE, LUEHE
AHRL I BT R R 2R F .

JE 240 O 5 A 4 ) 2 ) S B e 7 7

N N AW N =

A At 4655 B S R R 0 A 20 RO A AR i) i A T A O R A AR

LY — AR BESZ 3l , 40 I B0 45 4 2 fof 38 82 3o b 4 7

W AR 6512 3l , 40 B AN ) 38 R T 3 FhRR M

AR E B TS m R B Z A A KR

Bh¥ Y 40 B TR R TE AR 43 N D R B A R, LA o R AT

RIER BT BHK (orexin) , —Fh B BRI W5 A MBI P BRGS0 T EIVRE A, 7T 30 H ot 8

BB AR BER R . ARG T Z AR S5 S 42 0 R, 52 A AT B OBKh o7 IR £ 4 A0 AE Bk AE

B 7T BB ST B ML




YRR ARt

4.1 fES5MM

4.2 M
4.3 YR RS B °

'

g

4.4 LTI
4.5 FafEm -

.

[}

!
Ve 1)

240 B A U B A2

4.1.1

i A2 5 o 4 A i

AE Y 52 SR J2 12l B A 4, f0h R AR AL W R R
S E . XA B REST, Bl 157 H R
B —30 sk , AEERA S, e MR M. &Y
PR S Sh AR R AR 2, W T B4 0 3, UL PY B Wi 4, A= 9
RS TIEZEAN YRR ED, HE A B

MHERBRAEDO ERRE  MRARTHERBORLLELE, A&
FoAR MR B RS T AR EH R, EARBTEALF T, BEAGE
AU FERRTEBOBELTRAEG, MALAFTH T GRs R AR T 60,
AHARMGRE, RR LR, AR KRE T RME, MY AL, LEA
AXmAeE—dRZZREAER, MEAHAKMAYREEZHTRE R m0F
R, AR mETERATHELENS,

R AR, fR R T R R, WA, WA ] B
FET o

BE & 1] LA 43 A 3h BE (kinetic energy ) A3 HE ( poten-
tial energy) AR IE R, #8347 3 A9 R 2 BB WE B 55 19 B
RS, RS REEM . AT B LTz 3har L
i BFT 45, S ARG B 3h AT DL KA, th R J= R) H 3h
AEfZh . B AL ERE e, REWEARS T
EFMAER B EE FEIMEER LR TFESIMGE
i, AR E Rk,

PR =W ik b1 F BT AE L B 5 A 5 19 HES T B A B



figdd . WARITOLI B g MR AR E A, KEDE
ARG KEBBEAZsh, Bl FHFAEMER
o B T EL A RE B, X FhAE B BE O SRE  AE U L R
HRANIRE. MEMME KIS EHAREE. P
HRREmHRETFREARE B EFETRFED, 5
WIEHRM AR FEA —EE s, M+, h
FH A R A HES T LA HRE . X A BE L2 I 40
op 45025 F D) 9 4k 2 BB ( chemical energy) . BT LA, fL 2%~ 6E
EoFrhidaE, 2nntEyhnEEENEREEL,
AT S a0 M AR B T K e i, FE R AERE

4.1.2 N FEHR

RERAT LN —FIEXREERNS —-FEX, 52D
NEBAMAMREXMEREEWEE, #ln, KE
I e i A A Y Y A 2 N, R T 4 F R HE
B T P P B Ak BB R AR D BhEE L [EVE EiE S, A
v 16 3h Fr Ak i Y IE 2 e R X R A R IE A, 4 i
PRE5>F () 20 4 %5 0% ) e 5% 8 O HoA 4 F Ak 2 R
N, B4 o 0 A R AR T HE 8 T R R —
g, BMEAFRE . X 4 AE B L= 40 A AT LAF) i
R, T T RSN, BIET . RigREATE
TZE I & AL LA 2 & A A A 0 40 M D9 A AT O =X
RE AL AL BRI T ) 22 e

12 (thermodynamics ) J2& B 5% i A 9 1 o g &
MALHLERE B2 . TE 1R AB B Al i, FRATT 4 B A 5
F) 4 A 5 ) A 1) B 6 TR FR AR R (system ) , T 48 5
HHABSTERIAEE, KRTREE I KE, —1
AR — A4, th e RE R R HER . A Wik E —
MR R B A e R SR AW 5 IR
] KA ac e, Hotn, — Rkl BERREY, HER
BRI DB — Sk 2E Y B — kB . FFUE R
A AR

B —EHARTFHP R OEE R B EAZ
B, XF&ERUENERTFEER., BEEAEHE
1 ARER K, HEE N —FIE XA b 5 — R E
Ko KB IEAHESCE B R, B R EERE P E
fb2F R A8 M E TR AL, RE DB R EERR S
Wtk 2F e R R B A, A K B9 40 o th = IR OEH (]
W) 5 F 2 RE R AR S E TR AR E

fERE R AR o R b X R B B R A T A A 2R LW ?
P25 o AR B X R AR A X SR R U
Al B (1 7 8 5 B80T 1 00 A AT S G L

4.1 fesum 580

B UL, (R IE A BERFe 4L, Bl in, fb=F REFe 1k o 3h
A, LEMFMEE XM, —MMER P EFHER
T2 BEFR A4 (entropy ) o #HUR S T BIBEHLIZ 3, BT
iR —fIEX . SRR —MIEX R LN 5
— R BE RO, AR 12, ik 2R b B4 4 R 1% n
R, MAKRKEATH AR,

ST E Z, R R S VR IRAT T P A
JE E A W73 00 B, A T — T R ik % A A R H P Y
Mg, HMLUREROLREFTERABRMPAR
75% WAL~ REHR 2 Fe 728 S # T A BE BRI A, B YR Y
MAMREZ RA 25% . i H, A #i% 2 h 3h 6 ) g
R AR AR AR AT Bl PR Y & E L R
R SHEBAEEAEERE IM, U HERE
ZeA80 T A R Y D B B R R 2t A0 A AR D AR HUR B A
FIEZ: AL L

MRS58 e LUER, — MR E R R A
F P 5 T, HC BR 35 89 TC M A AR . X — 48R
SoEE M T MBI TE S . 40 MR A R R
B SRR i A S A A, R R a4 2 HE
3 BB A E TR 5 I 2 K, 2 Bl K4 F L BUE R
AR RGHWHBERG, %, XA F K8
SRS L T BB BRI P 0 TG 1 3, DA B g 2 i
RERE, - TMERKRPHARK— N ERK PR K
- TEEAR B S mS TR, EAF THER
W7 3N BT Z P

RUEA T 2250 e, AP RE AR AL R A
AT HERE 100% o PR 9 78 40 i b A A Al o RORE I, Ak oF
BEAE 71 Z B 56 7% 5 2GR 7L M S A b B AR i, e 4%
AR HE BB SN (LA BB B hBhRE . TEFT A
XUERE R B R R, B — 5 BB & DL I 5 ik
B, XA ] R

4.1.3 W fE Bz i Fige fE Bz B

Ak27 5 N AT 43R W BE Jz [z ( endergonic reaction ) Fl
T BE B2 i ( exergonic reaction ) B A2, 40 g o & A= B9 1k
5 LA B 5b

W RE SIS 2 48 I N 7 ) 43 F FR B S BE b 2 L 4 o3
FHMREGEL . KA X RN I, FE B R 5 b e i
PR, WA ) TR TIRIRE R Z D E T
YIS RN Z R HREZ % .

AR R EEENWREER N, XEEH
JE A W) R S A 1 A0 LA S BB AR D i I L (R




54 4 pefCis

LB FIK ) AR & R Z 879 (FF) B 2. BER K
U K BH O

JBCRE B2 L5 W R 52 AR B, L M 4 F R B 4o
/> F R 4 F b i Ak 2 BB, 78 SR A2 ) S B
W R AE R . FTRRE R 2 D% T R Y5 T
ST REEZE

FATT H H A P B B A AR B R SR — N RE
N o RMH EZRTRAHER, —Fh 20, 2T aERE
WEHF. MER DRI R, ZAP A
ZHEEAL, 7 R AR AKX A R A A 1E A
AR . RN AR RN P B BB AR OB A
MOBERRIRBRE S L. e HRAEEREA
52 69 4E F , R 8 40 B P 1 ( cellular respiration)
(WL 4.4.1)

A 105 40 v AR R A T R BCRE S AN AE
B, B A 3 28 2 107 6 R A 4 1 AR 5 ( cellular metabo-
lism) . X LAHE K HUR B, B2 ok B RO, X R TRRE I
L, & B o3 F e 28 DR BE A B9 72 W o 1 i BT R
O R A RE R o AL, K AT B3 — R TR
'SR EY, Bk e H e R, EEA 5
R0, B A, AR . P A X SRS W% B S R A
X WM EAME EERE, RO SRERAERY T

A IR 4 L A
° >® e
Wit
OH OH
B =

(ATP)

(a)

R BRE F ECAt 20, 400 iR R W v 64 RE R LK B o R
B RE R Tt R o AR A M ) D sk e A B AT K
BN, 6 T B AR E T Bl ML R YT '
& — WO, 240 1 0 38 A W RE SN R RE AT I AR A Y
B, XSk, T EL —REAR, K
i i W B S A X 46 2K R

qn b A, R SN S W BE S L = 18], A — Rl AE
R C R, X R R R AR R? Hhf—4
i, B ATP,

4.1.4 ATP S40JfErh i ik 5l 1%

ATP( adenosine triphosphate, I # = B R ) & — Fb
BHR, HhA 3 iR . K4.1(a)Rk ATP 945
¥ 2 B H KRN o ATP 43 F i — 4> s (B b ) . —
A SR (BRIEERS ) #1 3 ASBERR AR 4L, b — A B
PRAREREAERE 7 7 L, R A WA 8, XA
BERBELBATRE , RERRE, IR oy S AEwE R (A
4.1(a)FLL" ~ "R ) o XA R Fh K i 2 8
MR Z R, I ERRENZ

ATP KA KAt JE i ADP Jf B il — 1> BE AR AR,
() Ff B T RE o X L6 BE ik 7E 40 M P Rt 2 A A L LA
Wi 7= A 32 Bl , B2 A0 T B, A R P Y A —

A
(0]

~@ + Pi + fE

OH OH

IR A — 0
(ADP)

E4.1

ATP J Hkf® (a) LA J2 ATP JE B, cAMP(b) (1, 3.4.2)



Y135 sh A FH 69 # S ATP /K fi iif 7= A 9 RE &

ATP FE40 M 5 T AR (UL 4.3.4) BT LUR IR IR
Wi REVR o X FPIE ik ATP () 7K fife F0-G B T 6 7% BB S iz
JIT 75 1 RE it FH T B S N B ik FRFR A ATP 4§ 35 (B
4.2) . 2 ATP 220 a8 17 A4 RE B 9 24, Bir LA
HFRZ A 40 il b ) BB Bt 38 B (energy currency)

ATP

ADP+(®)

B 4.2 ATP R

ATP S 5% — W BB R N RE S A & 1T, )
e &S NH, 2R @B (£ 2.3) RN AA
fEATP S 5T ARERAE(E4.3), HABERSE
FELHIE B AT B I 4 S J2 W BE S B, R A 7E ATP &
BRI A BB S , A RE 5 208 A &Rt o

Glu A_L, Glu _®¥. Gln

A B

HEAR BEAMBER

B4.3 mArEAMmE RS &Rt

4.2.1 Bl§RRAK IR 75 1L fig

fiff ( enzyme) J& — Fft 4= 9 f# 1k %) ( biocatalyst ) , 4
KL REA B ERE I AL Y& N L 2# RO
B BEAT (B 7 I B HT JE I AN KA 2Rk, B R AT 4 6k
o s A 7 PR B RE B AR S NE B9 3 4K BE (activation
energy) .

AT — A0 B R A AL O, #R A A0 SE B 1k
B3 hnRE &L, F a0, PRk 5 MR pe R B KR A
[EM. BEFRTASARBEK, RAERET
KA 2B XRFANEGR T, DB 4 73K
97— ) RE B T BETE AL, AR R AR AL RN .

4.2 w5 |85

IERH T or 1 R AL RN B S AL RE, AL Wik
WA BE R P T A RER RS E . HLan ATP 2R
SBOKIRE B TR # T2 ATP B 1L, B LAZE K AR F
EHIRET (40H) b, ATP IREQRFFEEE . ATP /KM 2
ATEL — B MF——ATP i (ATPase) M fiEIL T A 5 F
B,

ilg 22 T LA RE J 5k A 2 SR B 1E AT, 2 PR Ol B RE R
RN ETEALRE(E, ) o B 4.4 th 2R A AR AEE (2
BB, 2% B AR K AR & NE. AR SR Y T 1L Bk
(E',) teAR B4R 52 b B9 3% AL RE (E ) /N, B LA B B 38 47
RER . X BUAF LU REAS Y T B R A — ALK, 32 B B
IR A AT A BB AR SE B . BUAE SRS AT £ 7 BE B R Ok
T HERMHLEES T .

J= R 33

B 4.4 IR SN I AL RE

il 3 1 (6 B AR SN F) T AL BB WR 7 JSK AT £ — Fof
il , F T B REHE AL i SN EB A R 5 Y HEBE | X b ik
PR DR E & 5 — > 40 M AR R E B9 I R AR R E R f 2
R RL . WSy F R E R, R A AR A R =g
FEAR , WX AR AR 2R E TR A e RE T, BT
IS H B B E ) B R JEE W) ((substrate ) |, i R BB 1 51 —
R —RT — RV IF LT —BfL2E R, Fr A4
Marb RAER A RN HEFZHAFMBEL. iR
HE AL HF RE I W B 5 5E TN, X Rl P R BR R B I IS B &
— 14 (substrate specificity) .,

Mz T AA X F & —, RE A SS5 HiKYds
B RAYRY S TR, AR . 8
HFHPRE—-NTPIHRBES R FFEE, X—/MY
Jey R R A Bl A 35 BB L (active site) o I M A 4F
Gl TRI LA ORS00, KW 5 F ol £ B,
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il T LA & — P2 PR R LR MR U T 45 B —Fh
— KK T (B RERD T EEANES T, N
KR EA A B TE AL 2 R AR AR, AR
ERT o

P 4.5 R EEES T TR AEH . B LR A
(sucrase) S 9, FCE W) 0y BEE , T 4 4k B9 S 07 2 7
TK A8 S A R AR . D O Bl S, LTS R AL 2
ZW. @ AEHKYY THASWEY T, XM S
RS RE R KW T 5 TR E
YE 75 B > 7 B TR S A B8, T B 8 2> 1 iR
/i A E U SRS N ik e TR R TR A
HZEHRAERM. @ RIS TIEMS T EHE
BT Y. AR5 B R, A B 3l B JR R B
AR, HE PR AL AT AN — B Y o 1, O
by — e 0 BN o T LR B IR S B Y 3 TR RE L B
B A T A A AR S BB TF AN 0 A 52 N [ T R i
e, — s FE—-BHNEERT EAEE
BanANIRY T RAER .

il (1 B 1)

7o) <}j7
oo

(1 %5 5 (1] JE P BE)
)

E4.5 EEAREA

4.2.2 % PP A& 5 w00 08 Pk

MREEZRNZMARRENEm, B EEA
— S S A TR PR R o TR BE X B Y 1R A 5 e AR
K, A 7% i& iR & (optimal temperature ) T F§ 75 ¥4 4
fe o PR R T BE 5 W 43 F 132 B, TR BE v U R N ) 4
FHM RGO EME, HIRE KRS, ST
N o7 H = 4E R & kAL, SRt B R B BR
T o AWK ZHRE R & 5N 35 ~40°C R A
A 1

pH A1 4 v B2 b 5 i A M . — PR A B il pH
6 ~8 FEUT T btk TE MG 2 Ah, B A T AR
G, A 20 0 f) IE % T RE L W W IR . R TR 2 (R S )
THEY pH ZE{IK, 52 ma 8 AN oK (A rh i A . R ok B K
2T YRG5 1 b i S 20 22 B, DA @ IR L 2 1 BT 45
ot Rl TG PR AR . R A i A B R 2K Y B T
S e B ER R B

V2R B IEH IR R T AL E O S
5o XL FR Rl F (cofactor) . Hff [F - AT G 2
LY, Gl B PR BEE T AT RER ALY . AL
B4 4l PR DU B 0 %46 i ( coenzyme ) o VF Z Rl ROk H 4k
R ERRAEEER, O, 464K B, 25 26 09 5l
B, e A G AR — Fh & SEMR AL A N ) — R AR

73— K2 5 Wi B 06 1 B A 2 W) BT i 6 400 1 )
(inhibitor) o 0 4fll 77 649 45 FH 2 455 1k A8 1)/ D Bl 4 22 ek
5 o 3007 700 A5 7 Ao 28 R - 5 4 M3 ) 5D ( compettitive in-
hibitor ) F14E 3% 4+ ¥ 11 i 77 ( noncompetitive inhibitor) .

o S PR ) ) R S OE R IR YA LR
B, B SR A 55 G WA TS AL, (RS LS T, T
RIS F AR RN, B 4. 6b F7R i) 2 5% 5
0 0 50 B P o A R0 R T Y T AL IR
g FHHEFAESN AR R AAEH

AE T2 S PRI 00 O0F AS o5 R SRR AL, B S R4
S MRALA RGO, HEME SRS T
AR KA T Ak, 7 45 0 Pk AL AN IE T HE N ) 4y
T (K 4.6¢),

A9 48] 350 B9 45 AT B AT 86, A T BB R AN AT Y
X P SE T 7R 5 A S 22 () JE R R B R R A R 55
NSRRGSR O R A T3 5 G SR T
BB S5 , A SR, IS0 PTG Y 3 S 4 1 R0 9 4
FH R AT 30 0, SR i O e R e T4 o A v L IR 4
TG PRI AL 58 A B Sk 400 ok 300 BT o L i A T BRCE R A
JZ L o

AR AR, A R I R R IR EEN .
A, T PR 410 R ) R B L Y . B AN, 2 0 K b i
ATP i3 TR, ATP A< B gt & — A {E 55 4 P40 il 751
BT ATP G 8 (B ATP ) B9 FE A o 53X F A8 s n
SR W B A i B AR, BR A 9 S 15t ( negative feed-
back ) , J2& & 15 40 A e EZ R BLH .

Pt ) 00 ] 50 A B Y O R A L, R 2 R 7 ( pes-
ticide ) MG A= 3 (antibiotic ) i /2 & i 40 1 551 , &1 4n , &
P B B ( malathion ) & Z, Bt iH 58 i B ( acetylcholine



36 5 P4 1 7

it 8 410 21
(b) (c)

4.3 PR iE | 87

SRR

EEsrmun [

Pl 45 40 761

B 4.6 F IS E R B8 (24 @ Campbell % ,2000)

esterase ) F 401 ] 551 , X Foft G 7+ 22 R WIG B R AR
HE, TEDRIGRE M IE AT, 2 40 M xHE S 1 15 8
B, 65 AR BAE T X R AR B 8 sh Y, RS
N AL B AR (HRE B U0 i 2 A 7R — o A
BLE.

T 8 2 (penicillin) 410 ) 40 5 40 0 & 0% 20 H BE B9
ity , JIt LA RE 0% BEL (1 9 7 F) 189 B, N\ K 40 i 95 A 40 M B
T LAE B R ANEH .

4.2.3 il

KI RIS, — B2 A A B 02 2K A . HR
1981 4E R ERHA R KB 5 RNA Jr 74 K H R
86 f7 B A= RNA A< B T fE AL 9, T A 2 i 3 F A

i) o R, A ALER F1 2 A Y fE4E R, RNA b 2 4
Y . TRA XM RNA #AFIET 127
fif} " ( ribozyme )

BT JLAE , LR T i ILFh Rl . BAE A Ok, Al
AEE /DA PR AL — J IR MEAL 7 7 B B, B
o H)— 5 55— w3 L, B 40 RNA #)— B 7E
A THEERAE . XEF RNA 2 FARGBEEIEY,
MOERE] . X RNA 43 F B AR E NI & E A,
73 — A% g WU 4k o3 18] 4 ) R, R 2 B A S Y A
F & A N T AR S % BB RNA 3 178 I 07 i 5 TG 28
k. MM A L5/ E RNA 50 FAH KX EER
B, B A BE IR B RNA #8501 1Y) 5 R R B i IR
B 2 BELRORLIAR N DNA S B e B 45 . X SRR B
il T 5 B 8

RNA X {5 8 7> 1 Al 4L 704 i R B 51
THEYFRNIBARE D8R BB A E A TUX R4+
E S B kL RE AR . A T RE RNA 6 BEOF
WA T — D EA RS TR

A Wy 5 S — A 43 F (supramolecular) 4544, 5 &
20 TRRE —FAFRHS, XMHALAE T H
HAE ] —Fh 2 7 T A BRI . AT e A W IR Y
X SRR e S T A — AR, BIDUR Y F O 40 i i A
EYREIRE S o VB — TP IR G0 4 ML, iX Fh BE )
EXREE,

4.3.1 JRMEREPEIR T IL 5 4k

AT 2 3 B FF M o 40 M R S5 IR L A iF 2
SR T/ TES, HREE RS LY A
AR H , R 4 — L4 TN 4 S H R, T L B 65 3 1Y X 4t
VIR N B . BN RS FELE R R o FHEA
TR FHEH, BT AR EEREH AR,
XEAEEF BN RN, REEFEHNWERA
ZRBUZFFEE A

FERUZ REMRHER . B A MARE T
BEXUZ B LA By T B . 4R T 5% K B9 85+ Al
P> TR RE BE R DU B L o 2 B IR K 4
¥, 0 A R R S RE B IR BUZ , IR R A T
A VF Z 7 ¥ 12 2 1 (transport protein) , Bl 4 7 & H
(DLIE 3.24) o FE/K YY) HE i ¥z & H A 20,
G T 5 R R R A B B A, X R R T AR s B P R
TRIMNMEEMfXEY REL. A, HZ2EARNE
—HEARE R, B, A R R R AR 2 — s
& R AT 40 (B SR RS () % 0 9 S A 4R ) H A fE
M EEEA

Fh A AT AL, 6 6 45 3 1 R E T IR XUZ A B 1Y FR
A ZEAR L —M. A, REFIE T 32



58 4 anfuftist

HaWe? fad Y2 o A 4 Hd A 2 i 40 fg v
g7 X L6200 X 5 B R R 92 . 8 3 B B ( passive
transport ) Fll 3= 3l ¥ iz ( active transport) ,

4.3.2 WiEhE iR FEBM P

RIERFH— A — B RIEAAESE
0k, XHEHREN TSNS F A BT B
Ho P (diffusion) & 4>+ P H v i 3 68 A B 1z 3)
MR B —4 5 F 1z sh & BE LI, 28 1 — #F
SFRBEBERA K., B, RIOTEHE B
BhERER AR (6 BMAE— MK, AR S LR
270 TR W, B R R PR O VR BE A A HECEIIK
WEL HA AR 2SWEL, BN EREEYY
Y% 68 1k .

BERMNMHAEERRE F(EO)RELH 2
K 2 ol R P O VR Al K B T, R Al K Rk 2 R
2O HENTHBEARBFERWERR L, XBEH
R AR B A — 0 xF 5 R B i B BEAH 55, iR B
5 o

b AR R R AR B8 Bl ) ) 6B RO O ) R E
TP 8 5 i e B BR B ( concentration gradient) , 43 F
BT R DA R VR B DX I o R X IR AR Bl R AR
F el A . 3K el I v A B v R ik BR Y B E L2
[ B 8 Bh %z . Bish iz 2B Y R 40 bR D A B
S Blan 34T 40 B E I (L 4. 4) () 40 B, AS BT T AR A
Ko VAR A— B8 o o R 7E A 40 e 50 45 ) A, X ke
24 L PN P AR R AN M A R AR, S T A4

EARERMR, Y —MEBR A ZFE EAFER,
B o 5 ol I B T RO S 2 ) A VR BE R B A K
177 5 JHC Al A ] 95 B 614 e BE 81 5K

Bz B EWWNMAR, BAY R (LR
JIEE ) J2 A 30 43 3B M 1, T LA A 2 A T T R BE B BE AF AE
B ) J5 R B DA M E Ak B, A EIX B, IRATT A R
S RBI X A i Ch BB K 4y, KR el A4
il £ e 2

4.3.3 BB KM 2

P b T A () T o B A [ 5 9, A LG BT 5, 7R
JSE B2 185 B FR O 155 5 #§ W (hypertonic solution ) , ¥k B 42
IS % 30 #5% 2 IK 2 % ¥ (hypotonic solution ) o X B f)
AR A AN R X flan, X T A KT
FoRKERB R BX TR, BRKRZKS

B o ¥ J5T R B AR A5 B 1 WU R Ol 45 18 15 W (isotonic: so-
lution) . ERM“HEE" MKE", MEIR T B E (os-
mosis) LR K WF 7. BAEIERATRIFIEX — L.
K47 RERBEIRNEE. — 1 URE, b
] FH 2 3% B ( semipermeable membrane ) &, 22 ] 2 Ik
LW, AR B W, WA R R . F B AE S
KoarFild AL RS FES. FLLE, BEER
HR K e JBE ARG T IR 98 9 W P /K B R BE 8, T LA K
orF 2 8 47 S BT Y. K A F 5 o R A
&AW sh ¥ iz R B & . BERNTT H{URE TH
BPEREEWEE, SR MEL R, AELER
BB A R FEB R, KD T B —E2m— Mg,
HEMMAKBEARF (B FEEBHER) M1k, —BH
M 5% 5535 B, K 5 F A 22 1) A R A AT A2 Bl i
HRME RBABERART .
KB

EFEE
4.7 BEUR

1. EEMRAKS

=4 3 Yy 20 I BCAE 55 8 1 3R 8 P R RO I ik
gy, WA ERKS AL T IER R . 8 BB
240 M B4 7K AR A A0 I B AR BRRR A o R AR IO T
BRI 20 2 Sk K 43 T 4540 , b Pk 4 A #E 2 5E
Too XU WA 2k 43 18 hn 22 2% 58 K b i 3h 0 SR R
Z—o TERB W, WK o33 A 40 i 63 R K T i
A0 P Y 25 A9 E R A0 it S I K TR

VA I [ B BE (4 40 it BE A RE it 32 5 B B K 4 )
e, WA BB 52 BB K i ko AW LTRSS
WP XA R R T . R WA A MY
SHEKREFB . KR A 3 i 40 R Bl i i
SHMEPHRABRESEN., FEABRERERES
FRBE b 89 3 W) R AR B B9 8 B 8 15 (osmoregulation) ()



SEAAYE R 3 o TR (I R R o e AN ]
KO B S R KB . R B RS H A
2y 1) 40 B 64 B TR AE LG, Xof K FR 3 MRS/, X R TR T K 4
AN W A A0 A ) R, e A, B R A — A 46
A F 2K K HE 40 B i HE K 3R

2. HERARMKS T

HLY) B A T R B A 40 AR A A0 BE L B A
149 7K 73 iy JE A [ 33X 4 40 i 7 {1 98 0 R P SR B K
9 (turgid) , 75 55 2 B P 2 2 1 (flaceid ) |, i 75 5
B WP W K A 5T RE 43 85 ( plasmolysis ) , B 41 il 5 45
48 1T -5 40 i BE 43 T

BURAR B 40 B 8 K 43 6 R, AT [ B K
4.7 W Pl A T ) 322 3 A e 7 ) R TR R AR AN TR A5
4T AR T 082 2 O g R O AR T 7 B 2 2 O 7 A — b
KR T, 0 W ) 22 A 3l o AR H T A 000 9 0 vk
DB e 685 , T LAK 43 1) A7 5 B R 4 . 5 ol 1
FH 8-, S 30RO TR A IR 25

e 0L, 8% 4 2 % % (bulk flow 5{ mass
flow) MY HLUH) 5 5 45 3R . SR U 46 Wk B 25 R ) 2%
Jr 1 BB — BF B T e F RO SRR B . 1l A Pk 4>
AN ERER. B 4.7 PREREYEE B
JE T BEAT B, T 7K 43 F 9 3 880 0032 7K B9 vk B 66 B T
HEAT B (AT W TR K B MR BE ™ /I T A 8 b K B vk
E"K) . BEEMRE FTXBEFHESD B ENEE
& — 2 BB & R K i L B B

fb2% % ( chemical potential ) & — /4 J1 244 &%, &
HRE/RYBPHHEENEZL, AHEREREAR
RO T, TH TR, KERE—-NERT
K2, ARGl F LARE R A KR . HMEY A
B 4% 58 LA SR A e /R K o HLSC R o i e R
AR — RS, —H MR .

AERE Y J(kgm’ s™")
JEM# B4 Pa(kg m ™' s77)

AL (m?)

Fir A

B w2 AT IR 3 RO 8 e ) i B T
R 37 TR B9 9

BLTE Y0 A B 2 vh A7) LR A7 26 630 0 355 ¢ ( pascal ,
Pa) #R K, SlKTE 101 kPa(1 KA ) A1 0°C F HY
AR R 7 LA 1 78 1 7K 38 2 9

4.3 YIRHEEE 59

XEEIERBNBEEX —RiG, FEEHBE
FERRE WA W B . FESE N i 8 3 JE A R B
BORIEHAPKEES, BRR—NERNE S E
25 5 N R A, — PV WORCAE 25 25 b, W6 B SR 1)
We? Bt LABRAE — BB A O SCk AR A0 F X A R
TR L R B RN R A e T Yy R
& — 1Al .

b THT 5 R B D 2 B A A R T A A 0 4 K
GrRFRTE 20 H42 60 4 1R A Bk bR AL 2 RN
o BAECHAER B WAOMS, Kok EmME
Y A B2 35 P T 3 2 R AT IR R AE 1942 4F 51
P X —F B (8 SCR R AE 36 B Y B AL 2 ) T Journal
of Physical Chemistry) I, W[t it K Z B E &, B3
20 {42 80 AEARA Ky bR b BTN, b AT /KA 17 I
AR EAT B TAE % TR 20 457,

XF AR A0 B T L A0 A K B () SR B s
(P ) MIEDH(p,) HEH, B3 H O E T 40w
BREE, B UE . FE ) %Ok U8 T 40 i B¥ 69 1E 7 (AH
HTFEA4.7 R AEE UJEE b A B b 4 B B
) BRIEM. By =y, +y,. KBF4, 4D 4
BBE A WK A KAKE ¢ =0,4, = -y

4.3.4 L -mymamMEsksh sk

U T, K A 2 3R K BT R AR R TR B R
JBE T 5 2 b B 2P 5 A o 3K 8 33 K 0 R 8 R S o i WL
JRWE? RHREE LA FZ RS E AT B e
B, X FPBLRFR N 5 AL 8 (facilitated diffusion) .,

¥eiz B A 4> P2 AR E (1 (carrier protein) 13
iH % M (channel protein) , ¥i2 &[R4 FHE F %
i A TE B, FEAE TR b ) & ol 8 R o SR 4
T B AR — AN SR K R T, AR SR S
/K i i 2K F (aquaporin) 542 34 A 4 40 H B I 58 16
HAM— MR, KBEEAEEAYRNEREE,
N, B Y S e 240 i £ 40 A e A R R Y K i R T
FIt ATE PR HE Hh A Ab 22 5 AT LA ] e H wh i ok f K 4
B —A AR N — KK HEH 180 L IR, ik B R4 K
WAIR FHIX A Z B K o

HAEEA,PNEEEOREEA, HEREE S
EHEAARAR. BEEAESHEENE TS
JE e RAEMBMBITER ERZEL (FE 4.8) 65 8 F M
B — iz B o5 — M . 5E A A 7R LR R
1z 5, 77 1) H A8 v B




B4.8 RAKEAKAIEHYLE(S A Campbell 4 ,2002)

A BB AR Rt TR & — sk R A B
MR KGR Bl A K BE & B IR AE (cystin-
uria) , FUJE PR R gk 2D 1K I 20 R A L Ath 5 R oz i
JUFE 448 i B J5 M 4 e i R GRS R B o TE R B4 U 40 M
22 AR F 3 IR WA 4 A R T A 2 A I O, 1EL A
9 R 0 R A B R e R BRI R R R, T
RUEEES A

4.3.5 FEaEhEEis ki ok B K N §L g

Sy B R AR T — A B Y HGE B, SRR
MU %32 W7 ) o A S is 2 )RR 7 O VR B A
BE T W% 2 , ARV BE — 0 2 o o I 7T 30 3k e ok BEE —
], XFhEIE 2T EMOE, FREWE L —
B o R 5T S50 ok E A BE T SR A IR, 4 i T 4
BEHAC B BB, X R B B A PR O EBh ez
transport)

% 3 e iz 15 0 MO 4 R L BRI AP /NG RS 1
kB T HAR PR E. #an, 3 Y 40 i 5 i 8
B VR BE L H IR B b 19 A5 2, 0B B ok B HUIRAS
2, T LA B B B 2R A G0 M T R B S 2R 4
VA4 35 33 o 6 JBE

B e iz = d B 7E OB N & — B 8 R 52 AR
M. MAAM P HAMTEZRENTES —F, 5 Eah ¥
iz N BE R ML R ATP, ATP #E3) £ 3h#% iz 1) — Fb
FREERAERGWBERBREERBAHZER. B
MEAMEBESEzEARNEHBR(ER) ,M#
BEEHEMBERAAEFLBENEZ, -HF
(sodium — potassium pump) H & — X H 1§ iE &
., EHHETFREASE FKREC SRR
WMEME FREARS. XHR(KzEA)E
PR R R A, B 3 A Na' iz 41 M, 4

(‘active

24K AHML. ATP ¥4 ¥z 8 A B B2 1k , A1 f
ZHEWR(E4.9),

- PR QB TR (lon pump) B — 0+, A
SO BT IR S 7 A I T A PR A R ) R A A IE
0P AN [R] B B A o el T B FEE P A0 00 B L BH B Y
Sy AR AN BT LA R 64 R — 0 5 £ e A, 17T A A 0
IEH AT, XA ™4 T — 4 R H # ( membrane poten-
tial) ,#)2 —200 ~ -50 mV, 5% M A0 A 17, il
A A IE

FE v, B R W 7 E, A B ) BB O R, R i
i AN IE , BT LA B 5 A T BH B T 5 R A 48
M BB oz . B LAHESh B F S IR
HEA - WREBEMBERSE, XWMIMEERE—
AR A Ak 2 9 Bf B (electrochemical gradient) , i
B, AT T 83 7z S g — Sk 7
B AN vie B B BE T T, i EL o BT H 1k 2
P EMmMYT 8.

AEFHHZE FHROREAQ GRS H A 5T
o BH-HERME 16 F(EH4.9), BHiEH
Na* Fl K" A& — % —, 28 3 4> Na* 7% i 5 ¥ 2
MK RA, BE—K, A —4 I 7 4 R
PR E AN, X R BEEME R F T
B, EMAM 4B ENEEEARNERE
(electrogenic pump) . ¥ - F R LF R ES P 4 M £
EWAEBE, MYARMEENAEARRERR FE
(proton pump) , B F (A& F) FE3hiz 41 .
Bl 4.10 m T FRBIER, ER A ATP 1 4 BB 35,
H " 1978 ¥ 1 8 fir iz 22 40 Mg LA A, i a7 ) 1 /iy
far 43 85 . EH TR A Y R B ) i R L 25 A H MR BE A
BEARER—FERIR, 7T A T #E 3 Hfth o #2 |, 4o 40 Mg xF 3%
4 B W i G At 40 Y O 7R, B 6] %% 32 ( cotransport ) {8
H AP H—Fh,

hF iz 48 & —F iz — R i (DL ATP b fE
U8) 19 3% X 8] 4 e sh H A b R T ) £ 3h iz . #R
ot BB Y B, YT E0Rk B SCRE A, B AR B3R Bl
B 7K F 0 F R BRI —HE . A KR HMNEiE
BEAYS ERMEREAARR, B8 —F Y50 %
BHR MY R R s KGRk, B Y
2 B ) P BT 38 BT 7 A 0 H TR B R R O HE Bl 3
AEREFSBERYHA DB TES ., B 4.11 312
—FP AR BRI 35 . ATP HESHEO R T2 H' R il
M, H A" A, FEREE A, XAl



4.3 Y B R s

@ MFPE Na' SEREARGE,
{R I ATP BERRIL

fashifa

® K' BRI, 2 ©® HRHE,
WO g e

@ K’ H‘J%é&%lﬁﬁ@

A
Z1

E4.9 -8 (3] [ Campbell % ,2002) FshE%iE—1f,

B4.10 JEF%(31Q Campbell % ,2002) —Fi4HE, B 4.11 %Iz (51 A Campbell %,2002)
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H* - BN R 5% 12 i S A i R A e 15 B 3G
[Fi % e 1z I, T 3 A R 00 ok R A I T # B o . M W
R AP HY — RERE B[R] % 32 9 BIL 0 RE O & 4 ™ A2 19
REHE 12 22 0 K 6 & 1 40 I v, 9K S o 4 A 2 20K
RO BRI A HA (IR h &,

4.3.6 J&rfiank§%ia Koy 1

IKFNIN G V5 Jo I — ¥ 43 BB B 43238 o Jo JSE 144 g XL
JEAN KA 57 1z B H B8 18 B A B, A
NG e 1 A S VT 2 22 AN OE R TR RO
[vi] £ AL o 2 L 200 L, — M 3% 5 B B /Nl A 6. T
55 3 FIA YN SS R R A F AN, R A /N
5 SRS, B PR 3K 20 K43 4 0 B 40 il 2 A X
IR ML (exocytosis ) o Hi 5 R B A b 28 10 AR 1)
Gy UA/INUL VR A A M R 4 R B B I b P RO
Hefh)s P R SUZERHES, TREBEM A . /M
VAL £ ) Jo ) e HE 22 40 B LA Ak

VF 25 43 06 240 0 4B ) F M ik 4 R R L 7= B 4his
o1l e i Fry HE e 20 B ) i MR B 3% OF 8 o e et 4R
W O R oy WA B IR P . PR 2R T (BF & 4E ) A
Ji ot A B TBOAR 2 A5 5, 3K 2 4 5 S L A ¢ &
4 o B UL P 4N B . AR Y 4 MO o R el R R 3 AR /D
WL T 200 A8 O ek oy D £F 4k Y [0 AR I ) 1 4
JHa B

i % (endocytosis ) D) 2 21 Jfd W i K 43— A1 H: At K
B 0K, 7 2 2 BT BB IR B PN ) /N, B AR b R i
i B Y A

MuAr A = PP A . 5 W5 ( phagocytosis) | 8 2K ( pino-
cytosis ) Fll3Z &4 5 i)}l 75 ( receptor-mediated-endocyto-
sis) (& 4.12)

A I 240 i FH O /2 ( pseudopodium ) 4§50k 41 22 i
K I B — A A WL, AR 5 AT W U B O AR R,
I FH 7K e Tty K UKL 0 Ak o A W AR R 7R AR ) A A
16 FRAHMLA Y, Gn 78 T8 dy (R H A5 R BB 7 Ik 4 7 B
HoA £ P WO . P 4. 13 AT B H 7 AR R o R
R 40 L 4 00 O W 4 L, R WA (R 1 AT R
A JEO WA e LA B 3 2 PR 41 4

AR 2 A0 B A B A /N AL AR /N P R
A" o ZZFhH ML, G0 i BE 20 M DL B — S R A AR g, AR
R ABA R ER/NTF 0.2 um B4 Y K5
Fo HI T LA B WA A 0 TR TR AT AT 4 SR AR T
REBk A AL T AR A & — 1

A L5

Hashes

) SRR
| i

@

B4.12 HIFFAEAE 3 FI2ER (o) #MEAE M. Db R 75 1 4
R, ELBETEWAL N . () B AT A4 WA /N 6 8 7 L K 96 PR T S A0
(¢) ZHAFWRAEEM. HL - WoF 52 KA N4/
GIROR: QP RN OR- R A

SMKMER, Z RN FORARIER L —0., %
R A 2 AE B b, & — 8 AL 5 A B B A
(ligand) —HN S Z K5 R—HHM, 52
G50 o AREE PR A AE A M TR L BR O A NS
(coated pit) HIFRAL o S8 A MY 5 /NI B
JBCH R T2 5 A0 I, 52 7K 3P ] 3 R I, 55 bk
FH .

32 A T 1 M A A5 40 B 65 3K AE K R —



B 4.13 §F 4 1 ( Peranema) 75 Wik HR da () i 72

Yy 5, B 33 2 gy S5 AE B A0 WA TP e B O R . Bl
4, O\ f 40 R R P Ot ol R R o R L R T IR B
J A S 6 RSl T 7 f9 A4 o REL T A ol 9 IR
% g 8 (1 (LDL) BUNL b 38 fii . X 2680k 5 LDL
ZURGE A AR5 o M A AR R 0 R A
i i & — 5 B0 38 A% s, BB RO I 9 P R [ A A
k%, R R R LDL 32K 3 A A BB , 45 R LDL
FLAS BB HE A 40 Y 1T AE [ A U A R LR, 51 R R
1 64 Bh Bk 55 A BE 4L

i 7% A o e — > A R o B AR TR A 47 BF
F M7 1 R B A /I 1 i R R L JSRBEE R ek BB A
BOHE RS PR, B A U

4.4.1 ZNRAVEN 5]

R R AT UL AT R B, B e A =
Ao AR, X R A R, R — R A
M, 40 B 0 1 ( cellular respiration) & #5 40 MU £ A
AN TIEY S F(EEZMARE) o IUERE R
U

4 R 5 SRS R VI R A #E . LA
N R B, SR A8 e A A il e, 400 A iR R A I
Wi, Ed s kMM E AN, S
it v % A 3 A0 i O O K A A B UL A R K.
AR AR S S T A il B A FR KA O R
& 4b

Blhn , 34774 K AR E B, B2 IS Rz 3, X sk
THEh# T B AR, AB A R B Sk 2 UL P 40 i 48 4t
B o L PR 20 L v ) R A R T R i SR AL, R RE

4.4 YiRIOETE 63

Sk £ i B E o vz 2 B UL PR 4, SR A o
W o R O SRR AR S i R P e AL . L
P 440 7 AR AR R 7 A AR AR, AR R R SR il 3
PEAS

o0 L OF I B4 SN, B A A REHE R 4
S R AR AR AUK , IR 51 7 #E SR

C,H,0, + 60,—6C0O, + 6H,0 + figlt
koL

X AT A AU 40 A I P R A B RN,
o R R B M T oh i e A= 9 B B o 4R R MR B, R AT fE
T A0 ) A8 B K K, B0 AR AR KR, LS 4 g I IR A
FRARR KRR R Rt 7 B Ak, (HE —F ZE B A
AERKEDN . MEEAERIR T RAERN, 2™
FIH, S0 R 2 RE B A9 K. 40 M 0 IR OR 7E IR
TRAER, F AR B AR — W A7 ATP
AR W AR B o A7 A ATP i fE Bt R 40 g mT
LA B9 o

WEETSAMRZAER. 10 g ERT AN
167 kIR RER , — > U4E AR 2052 3 15 min K 24 3 22
HEXAZER, B0 ATP 5 FHATAH - HH
Wi Fh TR RE R 1% £ 4 .

A2, , S A 40 M A A — D AR 2> T2 3 R
100 4~ ATP 73 FWe7 o2 Ui, J& A 2 40 it 45 74l % 0
T i B RE RS 16 O T LA A9 BE R ) RCR & 100% W7
AN, 40 L RE ) 0 P 9 29 35% Y RERL, B0
1, B AL — AN H A 4 1 AT LA 2N 30 > ATP 431,
5P e L AR B R HLBRAR LE, X R R SRR, 1)
n, MR, RERFELBCR RA 8% At . BUARHY
AT RARBE I T A RE LAY 25% ¥ 4K v 3))
Ao 2 A P I B R R A I P A AT S A SR AT B
R FRAR L, ORI R o BN, R R AR RS T
HREF FH A &0 P 24 2% I RER

A AT A W A B B — 1 40 D, I s 221 20 R R 2 R TR
AW e EEEN , A RELE R AR fr o Bilan , ARG ERY
B 3h i A0 6 P 0 AR B DR A L RT B TE AL SE BB
At . — MU BL T, O 45 5 A A A 1% B I 7 B fE A
Y —ANGRFTHEET TN 75% . BT, MK
F1R) 240 JHL R 7 AN 5% Mt A P R, A R R A R R )
FUiz gl AR R ANl , B AE AN 5 L ATP, K4 -1 i
FIRANKE S /RN IFENRR. FRSF, X
4 -2 0K ) T S RE R B VTR
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Fa4-1 KET0 kg WBFAREHMAFEMNLER/(KI/h)

o] et 3 At

A 419 A Sk 2010

S, TRORA 440 U vk 2 093

AT 586 Hi (5.3 km/h) 2387

$47(4.2 km/h) 837 R 4 605
A T 1 004

(51 E BR=F R4 ,2001)
Fd-2 FREQURSHHAR/(KI/100g) "

'Y ot 'Y i

KK 1 448 HER 1367

T3 1 465 LT 710

E 3] 1423 A0 581

A (4) 1247 R 218

HO 1502 b 2 100

A 1 654 i kR 3 761

* R AW E SR P I A R, BERIS A R EER R T

BT (R R ) 1997,

At — A U ATE — B S OL T B K 3 B
T EAIRER 290 9 000 kJ,

A= 0y 4 38 3 4 O R B A B R A A T IR IR
(R DL R A0 ) 2 Hh M RE B, X b BE B I AP AE
e R T i HE i HEZ 07 5, B A E O L oe i o

LA T RCEAR R EBIE R T CO,, K
R T K, S2br L R &0 TR & T AE 2T
AT A, TR

RELA

| ]
C,H,,0, +60,———6C0, +6H,0 + fE&

KBH

XA ER T AR R AL IR A, M s R T
AL, FHOR R, BRI TRESR, BE R
M5 FA BRI A ENTE LA T Em e 221, JIFOR AT 1
T 2 W 43 v 0 B RE M O o JHL S AR R A 44 i P
W K A= B4 2 RV B 78 4 B (T A A A S5 4R 08 F) e 2 7
YyJ& CO, #1 H,0,{H 2R AE A BE A& #4314 i
WO RS Z . DRER A KK R A B —E R
W BE AN AT RE & 2B R Be, W 40 ML IR IR R REFE B IR T K
Mo T L2 D R R — A Y AR AR . A

JHLIF W Ay A1 2 BB 32 BI0KG 2% 00 455 i We 7 B8 i 7E T 4 L
WAL & TR 2 AMEF RN, BN RO R A /N
Ak, A RN R & — R AL .

BE 45 2 R, 3 26 [z B AT A 808 3 A B B W I A
(glycolysis) F7# FR 1§ 3R ( citric acid cycle ) F1H, 1% i3
#% (electron transport chain) , FrE B UG X FR K krebs
TEA R =RMIEF . T HKKAGRX 3 TFrB.

4.4.2 FBiBsR

W T8 St sl 2 0 26 0 ) 2 A, HC e 5 7 ) R T I TR
(pyruvic acid) , —Fh =G R . i %9 W &% 78 hy 79 I R 119
WA, & 2 44 F ATP il 2 4+ F NADH, NADH
72 NAD " )ik JFUE R, NAD Y 42 44 2 40 I ilg i 1 v —
#% ¥ B8 ( nicotinamide adenine dinucleotide ) , J& 4 £ Fh
It ST 1 A O TR AR 1 S S N AT SRR AR

2ADP + 2Pi 2ATP

C, (HI%THE)

2C, (HKIRR)

2NAD* 2NADH +2H"

MRS AR, PEEZE 9 AR
4.14) o X9 AN HT 4 DR O E R 2 AR
Wi BIHFE 2 4 F ATP,J5 5 AN RNLEH 2 0 TR BEIE
B2 43 FREARR . X 88 R AL S — A B AR B L
(RN S), IR 4 47 F ATP, X A~E AL iE J5 i &
P B R PR M S A L Y, B HERE 2 (—CHO) S Ak AR
TR HE(—COOH) ,NAD * #if J& i, NADH + H" | [&] i
THAE 2 4> FBERR (Pi) , 7™ A — A WA B Rk Y — ik
MR—H MR -1,3 - B (E 4.15),

PEBEME P RN 6 FIRNL 9,45 74 2 40 F ATP,
XEHCEEMN R ERERE S ADP 5 i ATP i
BE , FR K E 9 7K F 8% B2 1k ( substrate level phosphoryla-
tion) , XFBERRILIEA S 4. 4.4 T E P HALBE R
1k ( oxidative phosphorylation) A ],

VEEEMR I BAS R E— D&MD 774 2 AN
BR4>F.2 4~ NADH f1 2 4~ ATP, EH A XU T,
NADH & 29/ B E P | AL, B BR L =k — 2
A, X R 4.4.3 F4.4.4 FEFEIHER ., £
TE KM T ,NADH B 25 i NAD * , 75 U)o 8% i
REARZEHETT , AW 4 b NAD " i) &5 ARG, 06 2598 5
. XA RERAE 4.4.5 Hitig,



(op ] % B
ATP —
ADP ~| o

C—® i -6- WM
(2]

C—® k-6 B
o
®—C—® HHi-1,6- @
(4]

%%% ®—C, =—= C;—® Hmm-3-Hm
2NAD" ) (s

2NADH+2H" 7 |-2Pi

2@ —C,—® Hmm-1,3- —H™®
2ADP
)e

2ATP
2C,—® - mm

7]
2C,—@® 2- BERH M

2H20/ ©
20,—® WEMMEEATER

2ADP
) (5

2ATP
2 CH,COCOOH 7 il i

BE4.14 GEBER

0
Vi
Zo®

HCOH + NADH +H"
H,CO®
HmmR-1,3- —H®

O
Y
C/-—H

|
H(IIOH + NAD' +Pi
H,C—O0®
3- R H

4.15 3 — B H 3 1 M0 S A0 A FF) St

Bl T e v B BB O T T AR 2 A ATP 4y
F FUR 40 DA 0l 4 6 43 1 BT RE SR BUEY RE BE IS 5%
Fidio BT — A RE R T R B ZEZAEH, R1E
—BURFIRIE OL T, Bl A0 , R 40 MO £ 0 S R A T A7 IS A

4.4 YpgrE | 65

——

FIHX AV RERE . WERERE T ) 2 4>F NADH
£ Al Ak 2 40 DA 5 4 A 4 B 23 1 rR T RE K UG BB 4 Y
16% B R RAEA AR T X SeRE A REBLAR A A
¥l 80% B9 HI HI B/ TR R BE R A A E R
4 i o R R B A A% 3 BE A RE B4 R .

4.4.3 MM H

Yo T A 2 A A0 M 5 P & A Y, AR T R R 2
St Y HOE R A SRR . A R A AE AR R
KA {E R T R R T AS BB B S AT AR RR U 3R, 0 4
T i R 5 0 4 R TR & A2 JU AP AR AR IR B 2, Bk
CoA (acetyl CoA, Z Bt4f B A) . X JL Fh 28 1k £ 45 .
@® BENAD " &AL, BRSSP NADH + H' ;@ fiit
£—5F CO, X —A BB Bk A7 5 i B
A(CoA) 44, B 2 CoA, HifG A R4EA4 %K B %
R RABRTAEY, 2B CoA 2—FEfeikaY,
CHES SFERIEA . 8400 B 0 55 255 2
FreAE 2 4Lk CoA,

CH,COCOOH + NAD" + CoA - SH —
™ i R

CH,CO - S-CoA + CO, + NADH + H~
Z. ik CoA

LMt CoA TEFTBERIEH T B EA, ™4 2 o F
CO, #1¥% NADH #l FADH,, iX A3 XK krebs 7%
¥, R JE P K Hans krebs F 20 {42 30 4F4 & B
B, ik & 8L T HAl 0 A X AR AR .

El 4.16 AT BERRIGIA R TN . FrEe BR1E I
B R CoA 54 C, FR——F Bt Z B (oxaloa-
cetic acid) 7 — Fh B ) L T & BH C, BR——Fr AR
(citric acid) , Cq R & 1 — 25 i ¥R I N f 8 4k iE TR )
N = —43F CO, Ffil—4r+F NADH H-IE ik C; Be——
a - il % — M (a - ketoglutaric acid ) ; It g - 23 — 2
J6 3R S 0 4 Ak 38 i R R T B — 4~ C, BR——3% FA R
(succinic acid) , [@] B 38 & 4 — KK YK B @ 1k, 7™
H—4rF ATP, XBf Z Bt CoA 1) 2 PNk E & AR
1 CO,, [F Hoh iy —#B 4 fE B E ¥ 28 T NADH A1
ATP HhiRER . HIEMMRPEAREZER, ETH L
A ALK JF N SO 8T FADH, #il NADH & —4rF
C, RN RFHR/EZL TR, T — 58 AT BR 1 28 S AT M 3k
JHih. FAD 2 NAD ' KUk &Y, 2B REER
4 — #% # BR (flavin adenine dinucleotide) , H 48 1k 7Y
4 FAD, iR )51 %Y %) FADH,
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Z. 1 CoA (C,)

CoA

C, ¥k N1l

WL (Cy)
NADH+H"
A" Fr R (Cy)
co,
?'E%&(C‘t) ¥ 15 R 106 2R NAD+
NADH+H"
FADH,
App @ MR=R(Cy
FAD
+®
IRHE (C,)
Co,
NAD'
NADH+H"
B 4.16 FrE G R

Fy A R A A 1 S s i) R s
CH,CO - CoA + 3NAD® + FAD + ADP + Pi——
CoA - SH + 2CO, + 3NADH + 3H*® + FADH, + ATP

1§ — R R B RR A 55 7/ — 4 ATP.3 4> NADH A1
— A~ FADH,, — A5 T 7% 2 2 4 2B CoA , 7
L — > 45 M 5 T 7 B BE G 0 B o B 77 A 2ATP
6NADH Al 2FADH, , 540 A A Lt , 43 5 g 7 B8 7 7=
RS TR AL,

4.4.4 715 B Fn AR AL i iR 1k

BB A ™= 4 T NADH, b H 27 8RR 11 26 b
4 TARZ NADH, & A FADH,, X 2EHR 2 i J5 R i 5
AL &9 . fEA S &M T ,NADH #1 FADH, #f /& i# it
FH FEL - 2% A T 2 B8 1Y B F 4% 38 8% ( electron transport
chain) e &4 0, EAL (K 4.17) , X2 H F AR A2
L R U, TE B WA B AT TR kL
BB . eI AZAE Y B i b, e AT T R
IX S H - ARG B HL R A TR R Y, T — S R A
W FAEE S e — DR R EA T — MR R

B B — 8RB AA, G — Ak E ., BJE —4
BOA I T ARSI S 0, B H,0, X
BT

%02 +2H" + 2¢” —— H,0

BRI 2H >k A FRBI RSB, F KA
B T AL B R & 7= A H i H Y 7E 28Rk 5L R
AIULHEBE, K 4.17 iR, 1l &S50 A
3FEARE G, P EA A I —F B EE, 5
SR 2 R FERIEAAEX 3 FIEAIRN, B TEH
B — LR B AER R A 23X 3 fE SN
ARBMBE R Z, LA R ATP, X Fh 76 B T 14 i
RS R ATP 1 R, 7R R 4 46 8% B2 1k (oxidative
phosphorylation) , [N FiX & R A HEAHEALKMH T A ek
A L ATP 19 R

ADP + Pi—— ATP

AL A AL B B2 1k I N B B R ATP 4 B (ATP
synthase) ., ATP & E§si 2 ATP fiff ( ATPase) , & BE 4t 1k
ATP By K fif LI, LAESL ATP [ & R I .
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ATP &8

4.17 iy A5 i 5k A28 E R B (31 B Campbell %7 ,2000)

BT 5 M ATP S EEERTE R R Kb, T
BT B R 20, T AR AR K, Kb AR 2 & B
FAL b aEFVF £ A ATP &8, E A1 0T LA i AR, B
I N I AT LA R B A R 24 ATP,

ATP & B /EFEMEIL ATP (& BLWE? B A 8
W B i R 0 T8 1k % 8 & ( chemiosmosis )
BL .

b5 3 B UL B S RN R A i T 15 i i) B
R H Y R A A% 3 B b A B 1 A AR B 1l Y R
1) P9 38 i = 3§ 3z B0 3k S, 1 R R A Y R vk
JE 6 B, SO f) B Ve BE v T OO 6 R BE AR . X R
TR T — A R o VR R AR

N 4.17 FisR , e 14 3 ik AR A5 2R 1A PN R R
e AL T R FRREE B FARR A &SN, RAE
it ATP 4 filf i) 7 8 38 A A E A BE N o T ) )
TR R — R RE, — BT T 2l 0, X A A RE
i ATP & 8§ H T & WL ATP,

BTE e — F IR YK PR AL L o 76 W B
fft AT R RRPE FA b, & A — IR YK MRk, X Fb
B bR ER AR L, MH S BEEX, XFBE
AR fk (P 4. 18) 52 HUR B R — RS 4 b (% B R B A
MRy ADP, X Fh N 2Z BT LA RE B8 & A 2 R A ISk Y

JEYI A A BERR B A B LG ATP vh 45 5 B R 5 P 1 g
EARRE

+@O-®-@—B#H

; ATP

T
4.18 JEYIK V-8R 1k &
(M %: [ Campbell %:,2000)

g Rk, AT LA — A #H &S FEdH
AW =204 ATP 2+ F 7,

5 A A 200 R T b % R TR A R 4R A B T AT
B R U8 PR o IR YK E B R 1k, S k=4 4 A~ ATP, HiF
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B . £ BE CoA ¥ JE B A A7 4% B2 18 24 3L = 4 10 4
NADH #12 4~ FADH, , iX %6 H1 - #1438 i i 1% 38 6
B Z 0] LA 4 28 4~ ATP, [H 25 5/~ NADH & £ 7] ;= f
2.5 4~ ATP,FADH, £ 0] f=4: 2 4~ ATP, 5ZBF I fiff=
A () ATP 31550 40 i 1 S , s A1 400 ) bR 285 T AS ]
A BT 28, SXAETTE, 40 A e e E ik e £
A pE A 32 AN ATP, fH 20 B R & A T R bk 2 4,
NADH @Ak A LR ik A RE B S Ak, A 1 40 i 22 51
AH4F 2 4~ ATP (B 2 4~ NADH i8 AZRRiA P, iX
B BT ATP B S B0 30 AR 32 T, HEF
22 4 i A FH 102 A 75 A FH BB 4 19 66 NADH iz A2k
KLU N, T LAF= 45 0 ATP () 8 80 2 32,

BZ L IERRKMT 400 b Ak — 2 F 4
i, L ] P= A4 30 5% 32 A~ ATP, XA HIS{E, 5L
PR SLAERE > FX AN BFE . FERAEN T RS
WHI L FAE A T RE & 4

4.4.5 REfEN

WEZIRA LW REAE TR R T A TEA H &0
TIRMARA. ALY EAR AR T AR,
NRBET R KM T AW, MM EXFENAEY ., 7
AERMT  BERE B T A WO A A A T
IR 32 4> ATP QR Z 8 AW — . (HRETETEN,
BT AR A H A o TN 2 4rF ATP A6, A
WTEX R OL N AREEIH . MR TE T AT Ak
PEAT WA , B 2 A % 7= 2k 2ATP Ab, 388 NAD ' iF J5
it NADH,, {H 40 ffd b NAD " ) &% & 4 PR, e B B
WK NADH F4E AL R NAD | A G o 4 % fife 4k 22 336 47
T2 BERER A M R A b NADH , 35X B P9 i 2 5%
AR CO, MLEE(WIHE) o XFILFRFR Ny £ BE K BE (al-
coholic fermentation ) ,ﬁﬂl@ 4.19 o

LR BTN SR TLZEE, EAR
FU TGRSR A ., ELEXHT, ZERFRE
K (5 2B B RE A 5, BUR B — s Wk B B TRk
2T,

Bl 4.19 i A 5 — R R BEAE R, FLIR & B (lactic
acid fermentation ) , X B & B = 4 R J& Z 85 2 LR
FURR A& Wb ATP (1) 7 i FIVRE 2 i b — B, BT B B A4 L
BRATS R =B AL S0, N R R — FF

CPER B ML K B AR 2 Aok . T A J
MRA BT M AR, REERERBEAN, s
SAAREHEZ BA CO, M 0. HIFERRSE (BRYY  5 m

2CO2 ?HZOH
(fHO 2ADP .0 CH,
H(IS—OH +2Pi (|300H 1N’*D o
)
HO —CH L
2C=0 x

HG—on | <
| CH,

HC—O o COOH
| 2 I
CH,OH *N‘lo‘[ HC—OH

24 2N
HI%HE 4p+ CH,
BN

B4.19 LBk BEELRR K B

BMREA IR TR LB

ANEHN 2 EAEFLRABE. B, K2z 3 ek
BEAT SR AA T 57 Sk, L P 40 I rh S R 2 k2
I8 o FLER K BEAK B ATP, JiT 7= A= B 2L R 0 8% iy 37 5
ANFRE , 76 12 b % S8 Ak 30 79 B B . 4 ) 76 G RIS
UL R AR TEAE R, Bl an, BB RSESR R A
TSN, WA SR AR, B E O E AL R R,
HpEETIHMER. $KEENHEYR S, ]
REHEAT A BEAE FH . (B4R ) L RE R & % A 4k 15 8
R 39 84 A= A o

WNHTFT A , A LAY R RBAE TG E T E A B, 1l
an, A 05 AE - R AL S0 K i e Uk i, EAT B AT
RATMW, XEAY) R MR & 49 (obligate anaer-
obe) . WEHE T FN ¥ A= 76 A B g 38 v 19 K g F o8 25 2 3k
PR E A W) (facultative anaerobe) , & {17 BE 7] ) A % %
Y I AT 38 i 75 S I AR B A o

4.4.6 B 1 0 53 A5 OR

AR ERIRY R, BEEY PR
FEZDIFB MM & . Y EZ S — 20,
Jig 5 AR 9 . BT AR A RE B it S R TR v b A —
S YU (AN RENRE ) LA K% R B AN 1 T

P 4.20 Sy 4 0 45 B 20 45003 il LA B 7 A ATP (Y
AR B R B 25 A Ath I I R 2 B AR R 2 W T
S 5P o T AL T Y B 2R E A K i, 7 A A
B, WA A A L 3 o A R A A PR AT A o 4
fiff o FFF UL e O R 6 M Dt 2 B K A D 2 M

B 5 AT B AR R R IR . X AT S M 4
fit MBI . —BEOLT R RSk AR
VIR EARP R ERER SR A SWEAR, HEL



4.4 gifurrig | 69

ﬁm
1 | l
£ 8 ig] EHK
L H 3 % 7 HER
= =
HABE — C, 0 — WM —~|ZBCoAl T 4658
1 AL B
5 L3LES 1k

L

B 4.20 HFREYST ISR

AR B R PR AL VT B AL R AL B 1 o X I R
& AR T A G B, BUR & A A AE A
T LA SR B9 78 3 PR ob HE R Sh . AR R 25 hi (4 )5
YRR AR . £ B CoA BRAT IR MR 1R 3F P i — Fh AR,
B AN ZIER

faWi 2 S ERZH DT HARFERTERE , 1
MEFRER B T &, BT LA =4 ) ATP %
Z . 4RSS IR s K A O B T R AN o (1B 4.20) , R
Je {5 ok A 72 DA M T A ) VR D T -3 - BERR
RUTRR AL AL Ry Z B CoA , RIG S SIFBRIEH . &
WX R, 1 g BRI ™A ATP M4 T 1 g 3E8
A ATP B 2 F5 LA L

BYHE BT A 82 A RE A T R AL~ A
ATP, B2 40 M T A= 90 & i JR0RE, B 8 4 i
EAWERACKH S FURTARMLENBEE T
fEo AT 'Y b h 8% BT R 72T
ALAEEGA A . plan, AR T L EEA T
MPPEATKGR. Ad, HRETEFZAFE
TR H Y AT, X% LR EE
itk T RS PR O A B9 o [ 7 40 O JRURHEA T 5 o

P 4. 21 LS 40 1R A P I8 S8k 0 T AR R 408 B4 P Y
Fese /NGy 1O JEORE, 64T 3 REEY R T8 B R
B, XUEREHEINAE ATP, AR ™4 ATP, o]
DA, B 4. 21 JESCat 2 A 4.20 @i, Ao Horp g
Sl R AR B A AT REAS —FE o R L TE A AW
JRCIH AN R T A 1) 30 B, B SR A S S ) b i) 7 4

HA A B9 o

REERRAEMARMZ L, EEBA T E: — 4
e Y, N B PR RE R R R &
A )& R A, 2 S 3 40 T Y & P R 4 B i AR . X
P TTEBEA B A XA, NAEFBEINXR. R
17 5 AR B R, A= 9 B A A B BE B B X Ok B A DL A
Y, i RE#E A A CO, A1 H,0 il A HLAb& 9 i — i
BEXEIE.

ATP

\\\\\\\
g§§ Z.W CoA Wﬁgmf:?—é—mﬁﬁﬁ
C:0] J
£ 8T
WA RERiM "
|
E2Y e =m

Afe. MR, BE. EVE
E4.21 EYRGTFEHRERE



700 4 ks
48 wewm 0

4.5.1 XOfEMTE

1. XEEANER

17 fe22 DL, s A Y 4 KT Y R4
kA g, 17 tit g, A B9 — 67 BE 4 Jan
Baptista van Helmont X It 7= A= £ B , {8 ¥ — £k /N #) 43¢
AT, RBEK . S FEFHMMA KR, T & () 3
THT5 ke, i R E R JEA T4 60 g, TlRALE
T IER B S5E, B Y A K BT MY R £ B R R K
A {E Rl 20 6 5% b A S A A A T G 3 hn 35 2R R
B M 1K

18 fit42 70 AE A, e [ B 440 0 3 1k 2 5% B 3
H (Joseph Priestley ) % B £ % P 3 35 v 48 % 14 5 ok
AR S AR RAEL K, EL 5 1 60 e — e AT, s o R 4 4
SEBRBE . AT A58 U, 3R B O R A 0 ek £ fili 2
RBAE” AT R R A RE A A R AR . {H R A F
AREZWEE M LK, Wk 2 ALY Ot A SR RE
iz,

Je 3k , i 22 BE/E: Jan Ingenhousz 7% BT 4 1| S 56 (4
Feaih EHAT T 2R, e kB B TR A S A B
RN AR R AE o6, RA MY S ain 23
JGH BRI, A R il Bl o BAL” T A

PLE 3 iRk K2 A E BB e 9K, — i L
R G ERM ARE . HEXNEASERD
WANR, H# 20 L9 A FF . 64 1 (photo-
synthesis ) fit #1] F ) J50 R} 2 25 S 9 CO, A+ B i
K, REURE KRG, HB R .

COo, + Hzoﬁ (CH,0) + 0,

K, (CH,0) AR M

XEFEEEMBFZAT, AR HEAZEL
Wl Bl S ERBTREK 0, , X382k A K, &
JERA CO,, fE 20 fH4D 40 A R, K E &
AT R0, AT LA 0 FRiZH H,0 Fl CO, #EATSEH
GEREB, RAMS H, 0wt LA R B A A R
"0, I FRFR

6C"0, + 12H,0 — C,H,,"0, + 6H,"0 + 60,

j't
6CO, + 12H,"0 —> C,H,,0, + 6H,0 + 6"0,

Pt LA &5 F 0 07 R 2, QS DA 5 0 8 7= ), i 1o
%A 6 o CO, A 12 43 F K R4 s i 5 LA
(CH,O0) {8 , W 37 A

o, + 20,05, (CH,0) + H,0 + 0O

2. XSERER

HEEH R FREENAFEIR, HAE R
=iy,

Fr A RESE AT U B E B AE W0 J2E A 32D (au-
totroph ) , FT 4 MK 5E 6B 1 FH 7= 0 A6 16 19 4 ) # 3%
) (heterotroph ) . [ 3% 4= ¥ 2 4 W B8 v 9 4 = %
( producer) ,

RERSHEAT 6 & 1 I 2B R AU R, 326 (O
BIAEAEY) AOCS A BT A, EAN1H
EAEHEEMNAH

U T IA R A A b, AT 6 A 1 R A e
Jitd A% 2 i S A, 4B W B P SR A T2 B 40 A A i P 4A
o {ECH A 20 bt W] BB SRR, A A
WEZAMSK, B 3. 15 A rha ik ) i i 3 5 e 85 i
b, B ] WL SR AR R R R — R A R ——
B0 471 JE ——— P S L T 706 TR R A WA, R O R
(stroma) , & ¥ 7E 4 it 1 09 2 iF £ 1~ JE B K ( thyla-
koid) . ZEHE{AJE th BEIE M BER A 1148, FE 4%
PRBAE — I IR (grana) o 41 AR T 4K A BEE AR
A1 9% 4 BE ( photosynthetic membrane) |, 4% 2 & Hfth {a
R, EAKERE T NN EEEARE A KE
FAET A B,

6 E 1E F e AR 4H i F I — A, J2 — A S AL A T
B o RSN, 06 A A P AR L R 40 0 I £ 3
B, GOy IR , 40 IR K B AR AL €O, -

At

| l
C¢H,,04 + 60, + 6H,0 —» 6CO, + 12H,0
1

iy

oA IE 47 A, 26 CO, 38 J5 0 B, 4% H,0
HHH 0, :

I ]
6CO, + 12H,0 —— C,H,,0, + 60, + 6H,0

[

14



40 g I I S — A i B ST, A8 A A R R i R
NFR R R RER . EXEERE - 1TREERN, B
WAZBR) F K B BE A BEHE CO, %% 728 Jof, JF ¥ e I
FHrERD T

4 O S A 2 0 BRIEAT B, AT TR . OB A
Y FH 2 b 40 0 1 B A B 2% B B, AR AR 2R A
77 78 2T 2 7R B B 4. a7 B 6 S .

HEERARSPABHATH, B — 1B KRHR
J6 WL (light reaction) , A ¥5 1 £ 40 38, £ 2 2 KOG RE
AL RE P A E G AT Bt IR F 2 R,
FR R Bk S IE ( carbon reaction) , W 3FF £ LK, FE
S R/R XAEHR (Calvin cycle) . DART— AR X — B Be
i N7 LA X 51 F 6 R . B BE SR — i8] 3 AN HE# , B
Jy X e N AAE T AT, ARARENREES
e .

Bl 4.22 R0 G 16 % 5B A Bk 2N 2Z (8]
KFR. RN EAEERBEERBE S, H PSR ES T
W O RE , 28 B RIS P ) — S 2R 0 () A A X A
fE HE3h NADP® Byif J& , JE i NADPH, NADP* 2 il
NAD " [d] — 26 i F 84k, U2 Lt NAD " 2 — AR 5
M, NADPH #1 NADH —#¢, # R & e . KBEK
JiEE w4 2 5 58 2 R BT I A 14 O BE HE B ADP A B
FRAR A L ATP, ¥ RE % A8 1 i 1k 27 RE 81 &7 B IV 47 76
NADPH F1 ATP w1, & F 6/ N #4095, ¥ 7€ T X
Wit

Jt

— ATP —
s — NADPH — W

[ Fod

H,0 O, CO, (CH,0)

B 4.22 64 1E 9% OB AR R 2 (] B 6 R

R H I AN 7 AR R A RS R 7 AR R
B R R A AR M SR AR B B R . CO, HAEBR RN A B
ARIRICEIN , e L0 800 o B B AS B3 20k,
HAE R ZHAEY v+, RA T A KA 6B & A i A 7™
HbE. oA RA LT A A RIE A By NADPH 1
ATP [tz , T NADPH A1 ATP $ #) Hl J= , 5 2% 8] O
NADP* (ADP F Pi( BEERIR ) , EA1SL BRI AR BEIRER,

SR L. XM A B RAELT A RE LA,
HANHE T NADP® il ADP i) B & A R, RA 1A 8
JE &% A REARUESE & MR AT IE #3217 .

4.5.2 ERM

1. FHR T R

e — R B, 7R % 8] AP IR B A k. AT
KRB — A ST R BT R KB, K
b N T 157 3 = o S 1 g o 4 O L el T R
PR o KPHIE R i 3 K AR W A R B9 6 4 i, 7T
e R RN — 5. SHEERARK AL
AR, AR ER P EEANAER—S R
(chlorophyll) FUBe e AT WL o, IS4 op (9 - 2% A
AR a M4 b, [ 4.23 A K a A4
R b BRBOLIE . WO TE R — P U A R 3 KO
IR . ME TR, 2R 3K a BOBCAT B A i I 5
JERLE, B R R b EERWESEMEA
o, BESE, FIXBREREA BB, et A
R E R LLVE T8 3, BT LUK B o i 8o 303
AR S, REBESEH R, Uy s F 28
3

— |G Ea
— - | HEED
& / \
=3
. o
HEE \
= h |
1\ \
\ N
: —
/ |/ \X
350 400 450 500 550 600 650 700 750 800 .
P& /nm

B 4.23 mr4FE a M b B MIBOLE

BEZ5EEEHNAERAMHGE a, KD
W B AL B AR R R a J5 A RBTE G A M P 4 A
L BTLAM K b FROFRI B K, kbR & A
BENAETAHMBBAOCHECRER RALHPY MK
(carotenoid) , KM H NEAFZH, HbhE LK —F
R A # FK (xanthophyll BY, lutein) , 25803 N &E T



(72 4 At

W B O e AT LA A% 38 45 AR K a, BT LLE AT LR Al B
R, KWF MRBEAHESIOLEEM BEENA
PRI DI RE , RIFE SR G T WIBOF FE B2 A BB RE , 8 WDt
AT REEIR I 2R 3K o

bk % BA B PES 8 AR T R UG )
A7 g AR /) B BE A BUREL T — A X JBURL” BR RO
T (photon) o A [l P 1< B9, Hoot  Fr 4 i) g i £ /0
Ao EAEAK G, Kot TR R EER. ¥
KB, 6 Frh e RE R Z . ilan, 566+ o+ Bl
H RE B 29 8 Z0 6 86 T BB A .

R WO SR @R 9 T I — 4> i T 15 2
THTFHHRER, XNXAEFAESHEAMES,
B — WA T, SR R RE R T BT DA R
ST RMOE T — FR, e FRIBE R B 28 h i T 1)
AEHL, WAL R O AR T LRk

ORI TFRBMESHARE , LTI RS 7 B 42
HRRES HWERXDPTHHREASEFHTELRA
107" s, M4 H 4 F MR 25 ] 5 3 25 1, 3 %
W ) ' AR LA AR 14 12 2K i ] D A 0 e A % D (flu-
orescence) o 7 1E T # W H B M 4R R AE G T /= ARG 4T
B PG, KM SR R I WT B OLWE, v i b F
Bl A, K 4.24 SRR TEE W BOLBOR
FEAE BRI

B 4.24 PP SRR HBIIE(BLA Campbell % ,2000)

2. kRS

n bR, iR R S 1 WO JE B E] B AR W] S
& IR0 5 1 OLRE 4 fal #% 4E S NADPH #1 ATP
TR R TGP T PRE —%

% 4¢ ( photosystem ) ,,

NARGR TR FHRY, HP AR
a MR Db EKWHE PREORK JLAEA B F M
HEERMIER B FZE, BPERE A 200 ~
300 MR ESFLHERPHAE AR E a s+
REKF B R B FE B R P T 32K, XA g %
a 3T HAURPIE F 24K, LA R A B0 R 4y F 8k R AE
M. FEMER O AL W SRR S F R —
AT 4 IR T R S A R R X Bk
A ER P BRI — 5, B 4.25 Bl X — R
B LS BN = W] 52 6 o 15 4
HAt e+ 84k, 1EH .0 LA BT A & Fh 6 R 5
T IE AR a 15, AR AR 2 8 i i i O R
BB AERP LM SRE a0 BT X 26K 45
THRMARLOE, NZBEH, ERE T WA 6
RO THMESHENEARS SN, BRAXLEN
BT, AN AT BB OE R 4,

JE ) T AR

B F 0 (1 41 FRa)

4.25 NERGETHREE A B IER P OPHEE a
B & (%% B Campbell % ,2000)

BV, E RS H 3 DA, EMT
O REEEMILFEFERAE, X3 N0 #E A4
SE B EE 15, 0% R 40 22 T LA BE 76 B A] sk 910 i & e 1,
A e B R 2, SC B Bk AE T X 2 3R (3 4 T BOOKG
TG HEF o

MAEC B FTUEY , M KPR N R G, K H
ERWER, LN NRRE T REREL ., KRS
I I ER L RS R a BRA P700, OK & 5 4%
E B A B ES A, HOB WK R W 7E 700 nm , 7E 41 )% X
Wo FIFEERSG D k4% a FRK P68, H 2 H:



W AL 25 U 7E 680 nm, 680 nm i, 7E £1 Y6 X, A it R R i
i) B Y .

HEBEPHEFZNINRE, ENHHARZ A H
T BETHIER, BRCHERE | #OER
g 1 BFE O B ok e Em st a T
T f#

3. XEHBTFIEEHE

B 4.26 NG FEEEREER. NAAK
4t I JF 4R, P680 B LM K Ja ™ A M B M 1, X #
P680 7 B g 2k 2 1 — AN T AR R L F 2 44, B Ak
., XAhEALF R LUK H,0 EALR K O,, T & H,0
B4 T 24 H /12 A~ F, 8 F [F 3 P680, & Ak
B9 R B 2 AR T 52, F it — R A #R K
MfE ARG 1 1) P700, 3% Fh 1% 3 i 72 2 fik it 3
PR, B F BN P RAELER T - RAE A E
K—orfeh, b SRR EIE R T ATP ) RE
o XML EE B — 2P O AR R A AL R RN,
G W B b RN —FE . M F B R S T L B
4 1 1 P700 i, fERKFELAR/ T, AR UL E
NADP " X i g 6 3 & B9 P700 X754 % — /S wfig e
F o HERKFHAERE NP ANEEEFES,

I ) 58 T 32 4%

B 4.26

4.5 xkatem THE0

T L gk 22 1T, H B ¥ NADP' & Ji ok
NADPH,

ARG I AERE N ESETUERDS AR E
fE(E 4.27) 38— AR ERAT B — 2 & BE, fli Bk ) F
Rz HERRB—MMEALH, 75— A Bk ERIT 3 3
AL E BREkSE [ RS, BlA R N EiAL .

XA 1% 8 B 4 2 lL— 4> NADPH 4r +,
BAH DRI TFHEN,FEL124 0, 0 FH2H A
2e .

H20—>;—02 + 2H" + 2e”
X2 4T M2 A FIER NADP' & J5 N
NADPH T 75 B H .

NADP® + 2¢e” + 2H'—— NADPH + H"

BRFMERGE A RBDE RS 1 W, B B g
BEZ, EUHM ATP WS RZH. WERSE 1 5
NADP " i}, Fr BT i) BB 4 K 4>, R 2 UJE ) ATP, {H 53X
— B BRFT A ) NADPH 2 &5 fE 4 7, HO O &% fig &
9 ATP B8k .

AT T N

A T 1% i



B4.27 XFSG 1 MERS I K UME (5 & Campbell %,
1999)

KK (pH 1K)

HTE A

X )% (pH #)

ARG

S ERTR ObE W LR EZE TR YR 0, ATP
M NADPH, O, BtEIERBIRI =4, Kb 0,
¥ HFXA1EA. NADPH Hl ATP & CO, if J5 B i
VKL, RATEY PR GEE, IREE, EXA TX
H ) NADPH F1 ATP,

mEfrA, e riEdEEsifrIBRP >
A ATP, X F & B ATP /9 53 72 FR b ok & 8% B 1k
( photophosphorylation) , H A& FH #L ] 1 48 1k 8% # 1k
KWL R T AL R b BT AR RE K R T
Mt SRR Rz R EAEBEAN, &R — 4 FF
B . BUFARE A b Rk, R4 o
P ATP & B, A BE A B2 AR BE 3 ik 4% 1K 5 R
o H' W& ATP SR S5 ATP &R, 54
B A B L —FE o A R B ATP A Wl 7E 45 #
AR R AL L R Ok A I b i Al R AR L
4.28 L5457 Ob A B b F A% b A O A B R 1L
iz ¥ ff Ol . B L P O, #9 B A NADPH K
ATP JE B ¥4 o 2= T 3X R 3 0L 09 4 A, A 1+ 4
HREEX, FHTAM,

ATP & K§

HFRG 1

4.28 JEEREH T EERDE A BERR LA (31 & Campbell % ,2000)



4.5.3 BRI M

1. XEBERER

oA B A 2R SRR R IR SCHE 3, IR & B X — T8
R 2K /R (M. Calvin) 18 4 , ZFHEF N
KA T DRI % . RRSCHG 3R 2 gk il €O,
FEAE BRI A T ILFITA B EY T,

fii & 2, /R SCUE A 3t 2 # CO, . ATP il NADPH
AR BRI E AR . CO, BXATEHE
ME— J5i kL, NADPH 1 ATP 2 it i BB & /9, Sz B 5¢ ¢
Ja , BT A M 3 NADP* (ADP #l Pi( B§BRAR ) . AN
BERRJEME— M =W, L JE A N R R .

CO, BN 3 MR ER? B 4.29 2 F
IRXTERMKE . XDEHRAI 5383 4B :O Co,
& 52 ;@ AL N ;@ RuBP ) A

3Co,

rubisco f# {4

®
3RuBP(C;)

6PGA(C,)
3ADP > 6ATP
3ATP IR < 6ADP+6Pi
(B2 ®
6NADPH
® <
6NADP"

5G3P(Cy)

6G3P(C,)

G3P(C,) —= M %8 K&
Hibk &9

B4.29 KIRXBEHFRERE

1B R 3 4 T B R B — # B8 (ribulose bi-
sphosphate , RuBP) [& & 3 43+ CO,,JE i 6 4>F 3 - B
% H AR (3 - phosphoglyceric acid,3 — PGA) , i {k X
— S VL B Il 2 A% R WE B R AR AL B/ 4R A ( RuBP
carboxylase/oxygenase) , fiij X 24 rubisco, X 4~ % I 5E
R bR — RN, — RS T 2 =K%
HIFE R o

52 BB R R X P A A RE B B 2
N =Bk BB RR (3 - PGA) 838 J B = B W, B H o
¥ -3 - BE MR ( glyceraldehyde — 3 — phosphate, G3P) ,,

XS 2B 8, A 1EH A ol R SCBR
B 258, LA G B ZE L sk 2 G3P n fa ¥ 25 Jy % % b
FORMEFZHMER . X8RN EARRF KRR
XPEHT

831 BrEE RuBP B A , XM BEREFE
AR, HZ 8RS A= (G3P) R T 3 41
Wk (RuBP) . RuBP (i /% 2 ATP,

RIRXTEA W) B A& 3 40 F CO, JHFE 6 43 T
NADPH #1 9 43 + ATP, JE i — 4+ ¥+ G3P, X &
NADPHAFI ATP 83k A FY6 RN o /R SCHE 3 o F)
NADPH #1 ATP J5 fir = 4= @) NADP ' 1 ADP X [n] 3| 2%
Ptk b, 75 0% & h BB B NADPH fl ATP, 4n A
4.30 75 .

IR SCHE PR AE v S R 3 b & A, 2 A 6 1 il
AT R . KB EHK ™Y G3P th7E i Lk
B v g R B0 A O HoAlAE B .

JEA1E 7= B AR AR A W) A B 40 P 0
VAt A= i 1 3 09 W R IR T LR 4 1 A LR
AHMAEYHEYRE., SHREEE =Y EE
A A, RALRRMZHOAVLY, 5K 2R
MG KT oEREEABWEESEAEMKAX
FH % 1 .

2. C, #E¥#n ¢ rF R

Bili b AR S A EBR R AR AR BT A &M, B
ITE R F & X EHE AR XBE RN T XA —
P RAEAR R A ST AR F 7 R E e Co,, [ i R
Al e YT A K .

FETPER E RS SRR Co, #HITEAE
BRI R C, ALY, R A CO, [ 5E 1) 9] 7= ¥y —
PMEREAY—3 - H MR, Y2 EENEYD,
BN KRG /N K LA R 2 R R g SR, R C,
Y. C, WA — AL E fYfa) 8, SR T 58 RH#A
B HFE,SFLEXH,Co, REEF kMK, FrlA
fe T C, MW=,

XtFHPWE, AR ILE—FEN R, H X
BERE AT U K A BB R . (B SE S FL 2 BLE €O,
AR O, R, HETREM N COo, R,
i YA VEF B 6 R BT B 0, XAEM R, k
IR SCHE FA 1 35 — A W rubisco 5 — A4 £, B 2 RE 06
& 5 O, Fir LA FR Ky i 4 B . 7E CO, 1R 2> 1 0, 1R £ 1Y
HHTF i XFhEE 0, MYERAER B3, HE RE™4&
— R BRI E Y RGO X R BRI A




76 4 #puAtigt

HiHNAED

4.30 StEfEHedRE

G3f R CO, FIK . X FiAE 24 4 6 % ( photorespira-
tion) ([l 4.31a) . Y0P W I 45 SR AS O 7= A6 M, i 2 fi
4 b E A OB AR B CO, 1R 40 I PP —FF, fHR
I W A {5 400 i 7 5 B A RE 6% 7= 4 ATP,
A—XHY S C, MYWAR , EA1HA B 5K 0 E N
P BB ST A K AR IESEIP R . XKW C, 1Y)
(FE4.31b) , 2508 & T e, C, MW<AL
F W K Gy B 78 K A8 T B 0 R 4k 22 ) AT B 6 R AT %

M. REE C, Y% —1REE COo, MR R
rubisco, NEEE & 0,0 XFMEAF7E T —Fh A & 4L R IR
TR A, EHF CO, BELE—F C, kEWH,
I HAE CO, RAMWFHAR T HEERE ZE CO,. X C, 1k
BV REGE FE R B AR AR B 40 L P IR Rk CO,, B 5 F
IRCHER . BT LA C, MY 7E S FLC M 895 B0 F 13 gzt
FEEIEA . EXK w3 HEHE C, MY, EN#HE
TR Gl T R IR TR AR E R T A K

CoO, Co,
gg’g c. B C ity
r 4l
wim [ FRX ERI
Ciem W\ fEEH 5
CO,+H,0 : .
2t ’ L
(@)
B4.31 JERE(a) .C, JEA#E I (b) Fl CAM 64 (o)



WA —FEE CO, MITTAKBECEIEN. Y.
il N B2 A A #R AT X AP KR OE SR .
XEMY R R CAM H5Y) (B 4.31¢) . CAM H P %¢
E B F T R X, HRE A R AL E SR I, AR K
M. #[E CO, et Antrh B EETE C, tk &Y
5 C, MY —F. AXRAXEN C, LAY RIE
i CO,, B35 KR XEH, CAM —id 3k JF T 5t KR
#f ( crassulacean acid metabolism) , 5 KB ¥ & — K
KXRAFHEY,CAM R EBTEAEXLXMY T R
B .

CAM SG& 1 FH 09 203 R i, R A 3 b i 2 9 A
WAl LLE R BEh R EGHTHFE, BAEKR
Z218 .

4.5.4 BB AZ WL SN

W R A EREmik K, FHES M C,
YA CAM #l Y 3k J2 6 A VF B X RR IR 30 5% 2% 4 1 38 17 o

e AR KRS H A 3 FoOEE R
FER CO, W, JeimBEX A 1E M 4.32,
XA E A E ARG . NXFZMLATLLE
WO EHATFELR 2 HBAERE LS ERPE
TR, st A B T OB AR O & R 2 L
i 1] SR T AR A ME IR B ) o A Bk A
I, RN B 5K B T R K Y B S P o 5 BE T AN Rk
i ' A B A

Pl 4.33 R iR BE X G A E AR m . X

I £HR

HEEE

L5 S 3k

B 4.32 A ERR G

4.5 efHER T

S M I T G A B R S A0 R R R il A4k
S ) R I L EDE A AR A4S P B9 & O R
BEAR SR, T LA IR BE T 25°C 26 7 B B R gk & F [
TR TR TR BE B 3 N 2 6% A fE k. E 24 Co,
e BE 3N 2 — i B BE I, A B A, FOGSR B X R A
& F B9 82 i 26481

KEHEE

O 5 10 15 20 25 30 35 40 45 50
wWEE/°C

B 4.33 BRSOt 41 F R e

X=FAERRZEAEAERN, 5B EMEs
B B 4.34 FROG CO, A EE X 6 A 1 I 45
BRI, 2 CO, kL Bl BE i, Ot & 16 i ki An
MBER T, R Z B TR B an, 25 R AR e, BB AR
FUR L EWAE R BARTRER . Al %A Y 76 A
ARMONREAE A, DA O AR IR B R 8 8, TR E AT 1A A B
Fe A2 1 B

i RE #
e CO MK /%
il
4o
P CO, ¥ ¥ 1
I FE AR
o o B BE

B 4.34 R R EAMERLEA R



78 4 mpuqtis

B e

BEE

- N AR 2 IR D R UR . K AT LB
- LB A AR AL Y R FLRE K AR 2 FUBE R A AR O SN . SENHEAT T RIISE IR . BF— TR S (R e A A

FAF 10% B FLBE A 380, 0 22 B 0 3 38 (B () o9 P AR R LB B8 ) L G5 R F .
fifs e JE 0% 1% 2% 4% 5%
A X B B %R 0 25 50 100 200

S5 I FH R A O REAE TR W W E LB R, A R .
L% e B 0% 5% 10% 20% 30%
AR X S B 0 25 50 65 65

15843 1) A B S IO L 4 RN VR 5 IR W BE 2 ] B DR AR o (7R« LA BT T SR X ok BE A 1 )

- W —EEIACH AR (DNP) A B F AR, J5 ok KB Z A% 4 R AE AT . DNP i 4/F A2 LR &

FEEXE H* 3 R, PR T @ R AL 5 R AR AN RERRIBE o UL DNP faf LU A () 44 0

- AR NAD “ il FAD & Wi Rl B R4k A R (IR M 4EAE 3R B, ) A U o A 4 A2 300 70 S AR/, AR

HR 20 mg, HERK B, 49 1.7 mg, AMEFITMEARKEL X —BEYTAFE. AHHE—2FH%E
W 2 T E L A4S NAD ' Fl FAD 431, JF i B 1% £ o B il o0 4k 22 T LA st 2 2

- ATEERRAOEFR T, i BRI RR B E R BRI RS SE PR E AR

B RRHARBMEAEREHRR: FEoHREHARBRIMAKERERER:
C00~ CO0~ COO~ CO0~

| FAD  FADH, | | H,0 |

CH, ~. 7 C|H TI:H \ (l:Hz
%Hz 5 L I?H ?H i ] R B (|: o
C00~ C00~ COO0~ C00~

PRAE P G SR R BT I e S R o 2 80 st S 7 36 47 2 2 o R A — Fb i (o BBl 6, SR R W
JE R R, R BUAE N SORLAR SR RA [R) ¥R BE 9 BEFAAR (0. 1 mg/L, 0.2 mg/L, 0.3 mg/L) #EATEE,
) R BB TR . URTBUMI R A AR B A R IBIGWREEXT EfEE RR . BN A,

- HERER A B M AR AT TSR el SRR R AE pHA I WD S AR BE ) pH R 4,

SRJG R ML SRR A RS B pHS MWD o S5 R SRARRE B RE A A ATP I B LB 45 2R .

- A —ANA R R 3 (Elodea) TR E B LK . M ATTH — Bt R R FE KA b, i BOL T i &

T B S B (SRR, DAL I (i) P A O B R e R o AT R BRAT A S R, B 3 K B AT f
5K A W EE B AN (R, BT BSOS G BE o A5 R BL, MK FRAT SR IR A R BE B L 75 em 4R 45 %) 45 om B,
AIRBERATLENL, RAMN4S cm BE) 15 om X —BeIE B, A8 5 4 B G35 B 0 54 00 T4 hn o AR 4
BRI TS em AbBERE 45 em AL, BEAE K BEAE b B OGSR BESE N T 278% o o] fff e X — SE I 45
7 NIRRT 4 RATREMI R, VRIACHIE— SRR E B, A7 Qe B X o g 7

a. TEREBI AT 45 em B 6K YR AR RERFT A ER

b. Gt AR BAE S OE T 24T A 4 B, 5806 3 D6 & 1E A

c. JTEERAGEW bE kB A,

d. PR SCR AR E N BB P R B R AT AR .

- P TIARALE HER R T ARE 3% BT EXT @O EER N TTIEB L 20% . B A — ik B R

JEHLER b 45 F A A W R MR IR . SR, K 28 B0 SN S BAVHY T bR R 2 BR 4 AT Y 7 A O O K 5 T
BRAR /D o 10 A& 41 A0 440 B P 0 A 07 TR IR X M R 8 o




Mgy D 2= 01

5.1 A SHE2R

5.2 WEC BOR g iR R
2n WA n

5.3 MEKE 4

e

5.1.1 JRESMMEEL 5 o RN

FLA% 40 M 1 A 22 47 24 0T BE IR T LR 40 ML K — 4 43
%4 (binary fission) , & 5.1 X K% ¥ & ( Esherichia co-
L) AR — o 4r % 40 T A 3 TR 7 B Y 4 R
aik b, ek i R DNA 43 F fAH X & H
FRZH A . B2 AR 40 TR 40 MO L R 40 M /N A8 2 1R AR
Z (R E A 4 ZE A ) R B A IR e A
¥ B 45 WA 40 B 9 1R) B AT R BB . il an, KB A
WHREK, EHTESPIF, HKERXTHARKER

b F A A 4 R B
B 40 iy

A — N ERFERARIFN AT, MADKRL G AR A mIee) L
H,RAHm SR, EEHHER ARG ABRGFEGERPHRETE
#fTmEt s R, AKPBIARTERAY BT ARG @I, EAKE
gh L A2 P W & A P AAT A,
mie, 2R E G HLS Lo NA LT A S MmO EH AR,

VD I & 0 e s i s o S

500 f%, L b, XA KM DNA 7540 Ml N = 4 il
MFrEM . B2, EDRTPHAFEBARAPDSTRE
ERERDIFHVE? EFERPITEREN, WD TR
ik R EBHITH . —H DNA FFEEE 56— 82§l
X, Bp & i # & (origin of replication) & | 43F, F|H
AR DNA £ AR, W58 A 52 AT LA ¢ 5 6 Ye b & ) 4
MR EEmBs . AdeEfmmeBahiikEn.

70 e o PR S I AR K o AT 5 AR, 4
KR T — A& mf, R ) o 1B , SR — 4 o =, X
MFafEPSA R,

5.1.2 f25r3n 5k 5 W)
40 AN 55— YK 4 4T 06 B30 U5 T 06 O 42



80 5 #upufbsr Aok

Eﬁ%ﬁ¢%ﬂj

& BE RN, — L?M ——
AN RIS DU B4 | Ay
1815 — i ‘%x:}\ R 4

@ Hihigks:, AR
73 240 L FR) Y

® sk, mmn [
SN | ,

e

B 5.1 K FF 40 — 53 53 2 (31 1 Campbell % ,2000)
) 42 B R A — > 4 JA 3 (cell eycle) o 4 i J 4
& — A A 22 53 2 (mitosis ) 1 — 4~ 4 2 ] 1
(interphase) , 4% [8] ] X A1 §§ — 4~ DNA & W (S
BRI S 5 M M 2 (6] 4 75 > [8] 8K 1 ( gap phase,
G, 1 1 G, 1) o 257 4t i A B A P 28 0 4 i R N
G, I, & 5.2 w2 40 M 5 B s A

A 22534 (M ) ] 43 R T A ( prophase ) | §{if
] ( prometaphase ) , 1 #}] ( metaphase ) J5 #f ( anaphase )
AR (telophase) JLA BBt . 78 43 24 A J5 H H01K 1
I, 05T 53 3¢ (eytokinesis ) K 20 i 53 4 94> F 4 i . 55
SRSy R R A SR R, KN S AR
W, RR8 T RUR W T, BT Z RO %A BB R
FR o 20y 240 JH 0 R ) 40 B A 24 53 35 R R B — A, X
TEAT LA 2,

B 5.2 AW (51 E Campbell % ,2002)

1. BiHA

V6] 399 4 i AT 30 ) i 0 4 A Ak R R T AT
DL e 0 A f 1R B 3 I e 0 iR 2 MR E 48 4% T LA
YRGS, A — & B H 1 4 @ 4K (chromosome ) , Y
AR TE B 328 1 7% S A8 AL, A7 390 0 Y € 4k 52 B b il
G 8 B4k (chromatid ) 20 A% . WS Ye o Bk & A4 —
AN 22 KL ( centromere ) |, 33X J2 B — N BE (0 A% 1 1R I 971
S . BB 226 B HHES , 7215 — 5 LR s ik
%A — D FRA KL (kinetochore ) ) 8 (4 i & 4 14 .
e o K 1 S BE AL IBOA T A% b, DA 5 6T RS 1 AR
R A~ ) It i A, OF 2 T T O o 43 HCFE 40 B R P £ 7
BAERT I R R T R — D KIS E A T4,
PBELs R R R 2 o 25 HR AR (spindle) f2& h B AR 0 %
HMH) o H LK (centrosome ) 5 25 R 1A 1) LA .
Hb R R A B 0 R (centriole) | B ATT7E 41 i 43 34 2
HIAE A B & 6 — Uk Bl m X ook, A RTINS , 48
Xf Fp R AR T BP S — 2 41 R BT A B R — A b
Ko — ARy, o AR TE B B Pl . ik 4
B A R S DR HE 51 0 05, T RO 2 S B R AT DL f)
B AR 22 (asterophysis ) , B IR 22 Fl b0 4K & FROE K
(aster) o P BRIKEBRWEREAMERE—E R, E 6
B, BT B K 8] B 3O, B A S ( polar microtu-
bule) f SE it , 95 4> B 44 B H i) AR B2 R4 75 4, A ] B
U L [R] T LA A 1 4

2. i Hl

KUJZ B AZ R TF R B, T 143 B /DN o, AR AR 4 B
B PR S P S, A% R T A A% £ 2 B 2 1 SR R 4T 2
HH,



TEA 225y S0 B A i 72 v JL-F- &R vT LA I 38 A
AN, AT 4 BOTE 4 R R R FE B 4 e iR — 2P B
4R AR . R R ) RS 3 A0 O b g DS SR 40 il
BT B L, ks m e shkl (B 5.3) i 53k
Gy F 5 — 4R 5k 0 B ——3h B ( kinetochore
microtubule ) A ¥ . 33X %& G 4 4 5 K B 4H M 0 7 AR
pURSIE7/E: T ORI SN G NS B | R e SR A R A = L
B % T3k 4y F 1 s RL U (19 A1 BE E 3h il A F X

(a) HI 4
a1 i fE 41 Jfa i
B A= - Laliobit: 3

&R
56 # 1) B i

[ 45 ) e €8 k(2 > 3
1A B9 35 2261 )

(b) & 34

4 ffa i
)WL A

IR B 5 A B S £ 7E R B

(c) i

et fkHE 51|
£ A7 38 -

iR e

5.1 #MiEM S a2 81

— If S0 ) e €5 0 1) IR AR R o I A O A A AR
Y £ B E i 0RO B9 K BE R AR R AL, B B — U
46 5, T B8 0 B — D U A B O 2 PTG BY TR Y
KEREAME

3. A

B Y L RERHE S 2 25 R A B T ok, AT I 20k
AR T 40 Jfd rh e /Y ] — A F- 1, BP 7% 38 1 ( equatorial
plane) I, 2 40 il B35 50 R b i . b i 25 4K L

(e) K3

BAT SR I

BG4 a4k (
BN\

u%f

" e

RS Lk
Wk

(f) M s 43 8

e

B~ E o B GGG

ik Es e X —

R 19 i
R E

B 5.3 zhiWaiiif2niidi



82 5 iy RAI AL

A RAGR R 3 R SR . — 2 DA 0 AR 1) 5 e A A1 00 2
SPR & B B ARME . REEPOEMRAkE s
B , X RME R PR MRBITLTEN. =
JE AR TR, X GO Sk AR, 7 2 R A v g iR TE AR Ak
Loxo Hyiksr it 78 43 5k A IR 88 Z 6] i3 3l
KR T AN AR 2 TR) B BE RS

4. |51

Yok E 2 BETPHIBME 4 AHBA T, BT
LA Y oA 0 A Y SR S BR 2 BRI —
MR ek T, B TR A S, X W
AN Y0, (AR b 43 T, LUAH [R) 6 3 B2 43 591 1) 7 AR 6 30, T
J L TE A ST A Y i, 7E S B R B R B AR B, Bl kL
Pl 4 0 T AR BRI 0 EE K R T 7 R A 1 R A BB S
mET .

5. k¥

3 T B T 2L e €5 A 43 SRR AR B, Bl RO T O o
RO T — A5 2 A, ok 7 2 e £ 4R ) BE B S — 5 ok,
FE T Yo B A 1 S0 B A IR T BT 1, S G A S, e
Je R Y i, A% A AR T i B, 4 A Ak ) [ 38 1
A, Ft, A A 2253 24450, (A3 v &2 i () DNA
B aEEE SR B Fa D, B4 S
A FHMERIS B T —41 540 A R f AL P

HEA R, o A i A ob 0ok I B S R
J P S e L o X R R O T L — K — /N AN R
VR /DN B R B B Y A 8] 30 43 2400 b B T R .

6. RS H

FE 5 W SR 1, 40 M BT 4R 4 . FESh 4,

(a)

JL J_____ JJ
i ~ i ﬁt =)
AN *e# I O | - -
/{g\\p | e ]
K oo | - " _\_‘;o L ﬁ'gﬂﬁﬂ’ﬁ— ] =
ﬁ o\i\ 0}7 YR i o A o
Wi | | LY S
J L ﬁ L Onl' - B
N — 7

40 o JEAE T B = ) 9 o E T BB R — A i L3l 3 A
Tl 22 F0ULER B 3 20 R B 22 B o Tl 2 WA A4 o 4 i R
VAR B T 47 SRR /) 7 1) 1) A 1M1 B T I ER 1A, 2R 9 i i
IR, B Je 5 40 B 4 BRI PR AS T . i T ER I —
FBCAER AL T 4 A A i) v S, B R GE T BT AR A 40
L B R /0N S R A B Y o A A i AE o R, 2R3 Y 6L
B 1) — S, PR 7 AR BN RN SR B F 40 . X A
AN X BR ) 5 24 B0 A0 B B A AR (B AR = A A K
TEHE SRR G B9 R R B B (3h W AR W 0 A 40 )
rh H Al LA LR

YRR MR R (5. 4) A RTE MR
tH BLER Y |, TR 7E 40 M P TR RRET 40 B RE 8 A
T4 M 5 B T R o 7E 40 D A A R S A R L AR
B 11 25 A DO E A0 D O T TR 1 b e 2 AR R T AR
G540, FR A MUK ( phragmoplast) , H A #3747 HE
3 5 [R] B, 7 A 40 B A A R R A B PN T )
/NYD A ) 40 b e 4R b FE R T b 45 b @l 6 TR
AT B B P AR, B RLS5 9 40 B AR ( cell plate) o /NI
FH F) 2 0 B R T 36 0 A= 4 R RN R R 5 ) i ) 2
(intercellular layer) ., /N0 @9 B W) 7E 7 A= 40 B BE 04 P9
DU FE BT B o B . | T PS4 Mok B 2[R B g,
PR T P A R 2 (] AV 2 G A 8 . X SR TE R
it ) % 22, 2 AR 4 B 4 B 22 [E] 4 B BT A GE A I
7o % i A P B Y /s ¥ 4k 2 1) O O T AR P RS,
20 i A A T[] S0 S i, B S 3 3k 40 B A A0 A 5 R
S P 40 L BE AN G B R Ok . X B, B AN F 40 B R
TRNSMRITT .

—
——  \r
(c)

B54 MYMMBEAKESZH (a) A25RFY, B/RENOBETHRER. (b) /N4 im0 Mg .

(e ) 2B ST B 490 it B A 40 ffd i



5.1.3 f 25 R DB, 9k

Rtk R A

1. ZEERBHBE

QT R A% BB el XL E (A A% I A PN A% )
R, EATT AN N R T R — A S i AR R e
WA — A7 % & LR, 1 A 400 i
o HMEL R E AR AL ZEEA (lamin) |
AWM PR ZWEA T, % 2E AN T 4% R
Bz, HAEH R R e, e 5 (o R
B BE I or 45 & A Y 6 5 A BT K B . 76 40 i 4 Y
BT, LT R A S MR, T R L 2 45/
Ko FTRESE T 4% 2 2 00 M A, A% R G b i A
FLAL 53 531 i A, A T 28 R /N S 45 g B Y /)
T, BB, T R AP 5 B TR G 0N 3w L X
oo BEFIREEMNH R BAZEA A fCHE
WL T J2 G5 ) fife 440 LA AT I MR S 7, M 4 )2
HA BAIR G hBETE B /N5 & . 1EA 24y
PEHEAR I, 4T 2 8 e L mE R AL, A% /)N o
BET 2 B A A Y 6 B R PR B 41 KR R A 2 4
BN RS e R e R S,
B A% AL A F 1 R4 T 3 3h B B AT 55, RO B R
B B, a0 2 B P R B L o A A%, T rRNA
mRNA %5 W A B FL 3532 1 25 . X, 58 %% B % o i
MERT (K 5.5),

A

BT R
e ok
;AL

Vfﬂiﬁél
4 R AL

0 e °o
BaREsa o o
LERE oo )
AR EAE
41 4T

5.5 A7 44 57 R R B 0 R A R

5.1 #iEAMS5H2n% 83

FHTCHEE B9 f) HEL 42 B AT LA SO 55 4% B 65 7 375 44 41 1
RIS . QURAEECYI SR [ M A4 K, 7E H B AT
o B B A A A o R o SRR D B 4 £ R L
YO T AL 381 R e A A % R R A
R, EEMNSETES DNA S, 50 &R A fE5E
R AEAR R DNA % — 4k, B /2 0 3 {A& i) DNA,
] fE X — T R

2. TR

i HEAK (spindle) H i 2 £F 4 4 1), 3X 26 4 4 2
BB R MEMSMEEANEARARN
(F5.6) XUeLF 4 0] 53 Okt £F 4k (polar fiber) ok #%
148 F 3l kL £F 4 ( kinetochore fiber) 5% Zh B 1 & W,
TEFE 7328 60 20 M o, B0 fF) 2 55 T B A I AL 8 b
('microtubule organizing center, MTOC) , {4 LIk, —
FLIA S 200 T R 14 e R S BT S MTOC, fH 24 %
AW R A AR L b R b I B LR, )
RETE W IE B 25 A4 /)N BRUZH B 7 43 2 B30 4 9 A5 o
LKL,

B5.6 55946k

FRBOEE IR 2 40 1 1) Rz I He 40 B 4% BB I 1
IEH BIYT R . BT LA 20 40 b 0 T R 2 A7 7E T 4 ki
TRPIAR B, Y €0 885 (0 ) o, B L 25 v B v
R BRAETE T a4 b A 7E FHI D i

3. REEMITH

oY), B € A by 7 A e o B AL R, B e T
B, g o B0 0 ) 2 22 R0 B T U 43 51 B 3l KL ( Kineto-
chore) . ZEHi M, B - P E PRI E S —AY
BREARLT 4 ) SR M4 & (B 5. 7) , 3 2 3h R 1
B ) RE 2 o % £ 1A 7E 43 b 1 BE 7E 95 B 1K I IF 8
S, Il G £ B ACHE I 309 40 1) 1) B AR AR B



84 5 UMt s RSk

B 1k

BRLE

B 5.7 g o R K H Bk il

o2 I8, e R HE S 7 2 B A 1 R B P T L, R
T b AP b T R AR A, SEBR B2 AN O 1 R
(B AL TR G5 R . — BB R R, A Y
SRR 4 B T, BRI T ) — X e A A 24 4
B I TT 46 o X, B G AR TERR ST IE TR,
GG MR RS 0] — B . A 2RI 4> R KR HAFFE X
BH) DNA EHE L% M. A —FBREEIA R, & 2R X
() DNA 7] 2 4 % — R AR IR 895 5 3 A B 19 DNA
S AE S 1932 3 BHLI& I A BB 58 i 43X 4> DNA 7E
M ) 52 i 52 RGN, e £ B B o) B B IR B T

JEirh e AR R B R T RAE T AL F
@ Bk L4 i RG2S HESh T 5 22 0 i A 4 a4k
f932 3l , 4B TR B R PR ;@ RS, 9 Rk 2 (]
FA) A 2T 24 F% A2 e 01 38 S, fulF TR AR ) B B ROk B K Bk
/KAl ZE (colchicine ) BE M IR U B 20 %% , BHL 1 & 4 1 Y
TE 4 B 08 1n) P , 45 SR 4l M AS R — 43 o —, 4l i o
e (o PR B0 5 A AT 19 IS, 18 22 4% 1R 41 B ( polyploid
cell) .,

4. YR E% 3G E

2 M AN {EL A 1 4 i AR K 45 5 B 40 A
[ F S e 54, A 0 200 IE ' 110 R 2K 45 40 A b 1Y
B TR0 B A% o AR EORL A R St A5 B 1 40 2% B SE
i SR A B A 3 2 A T AN BB 7 440 PSR o R AR
JIT A1 40 Jfd U RE DA BE 40 B 3R 75 X A MU 8% . 7E R 24
FAZ AL b Sobn ik SR ABUNT S E 2, H ik R B4
2B VK RE 70 4H M 43 4 I, 505 e 43 24— K, F 40 i sk
COARAG — rERRLAR . SRR R — A, R BN
5 R D0 2 7 0 Y 3 SR ) BB P BN, 4 S A F
AR PR RO /)N YL TE A0 3 2 22 I A T O e A
L XA T ENTHEAFAM, £ Fh 4028 i

345 R AR AE AT 22 53 R T i TRl vh R A 1Y

5.1.4 g HL ) 20 A 1)

40 290 K8 5 T T4, o
5 G, .S WA G, . A T R0 I90 66 40 M A T 5 1 0
A0 A5 AL, L A A T 3 L A R A o Y i
DINA H9 52 11 LA J% 25 i 8 11 2 19 25 1 6 2 2 £ 3% —
e

FH” LA 01 05 3 £ 0 52 A 5250 B 43 20
LR el DNA K 2 R J2 2 1 ) B — 5 9 6D 4 52 A 4
B M (synthesis phase) , K S W 3 @bk
PR LR S WA, S WIFI 2 AT G,
A1 WLEHCZIR ) G, W1, 4L A R DA, {ELH £
) DNA 43 F AT BIHE 52 .

ARLHEA G, R, BT 86 F — U 4h A o A
#5015 DNA S K IBE G, ) 0 %, SR
4GB A . A R U T K
SR RS 00 B L % o )P B B o
R4 B I A S

7 Gy WA, SR D 5 AL O A
AR 28 10 B — 5 L5 ST e 0 9 A A 0
PN

SN R B A2 0, K 2
MU B L A BB B 26 G, AT P50 2 S 4
HUBRA G, M4, e IS T 40 00 s

A5 0, T 4R A, 7 TE B R
5180 ABLESEE I T B IR, T LUK A 340 5 )
LA DUMLE o 500, 11— 8 5 I A
4510 20 M D R 30 7 VE B 4 2

AT 1 M B 45 46 55 R 7 4 %, MR SEA G,
IO, VL0 25 52 R SR 6 32 S, B P 3 o
TS

B T L, 2 0 2 o AT 0 20— A,
Ak AT 00— B OB B L4 4 B —
5220 R RS2 B — R DU B 00 AT T R
BLIH, 4000 A4 RE A1 5 S M3 77 5 B RS- o

20 H1E 42 70 4F {81, ¥ 2 52 50 £ UE B i 0 4010
JEL R M o 10— 6 2 155, BORAE A T B3
B0 A B0 o S 0 RE T A A T 4
W 91 6 40 M 2, 32 T L — A 5 A A
Bem A, BB A, — AT S 1, — A
BT G, 8, T84 G, MBS WA S 1, KR 50



— 1440 R0 ) 40 S5 R ) Ak 2 ) R R TSR .
AL, WAL T M A 40 i 5 4k F 55 — B B AR 40 il
A, DS A 0 i ST B E A MO, g 8 T BE R OF R
G5 AR

33X 4 S B0 i R it 3 B 40 M S R el — b 40
Wi REIE SN, KA — &R E K o
TAERAEF AT BE fk & 40 i SR 3 ob B AE 4K A i
4t il S S A B M. X R EE R R R A Bh
VEAR ML —HE , A JL K 4% 51 (check point) ,

1. Wi EANKRER

X R e R A M R e i G BE , B R AR
IR — W B T B E — R FE . 55
R Sm3.4 ik, ARAPOKESFET G,
.G, HiF M,

FF AT E G, i E SRR EE
FEY o L SR 20 A O AG 4 AS B Ak SR AT T 1R 5L TR
ZGBEH RS FAHHTRR, TREMBREAE TR, K
Z N SRt R B B Gk SE AT AR 5, IR 4 40 B
23 IB A0 R T A Gy B AR R R £ B4 AR
JEALT G, WA . AT TR , R R B A 2 4 i A0 UL
PR 40 2 R A A o A o HC At — SE A0 D, n T A0 A, TT
B A Il 2 40 B R B, an 32 4 JE R R A A B AT
iz EPHT A,

BT R ST B A, T AR Y
a5

2. MEAPRMNS - AREAREERAPERK
0 1 L

o ol 440 L JE 3 ) 4, R RO RIS A B T R
f 3 B, 3 i 3h 5 4 A R 389 o AR 4k O A I S Y
BRERLR, XEEHPIERMSFREEARE: K
R 2 R R WO, B E o 8 AR 1k B B e S AL
HRTEHIMZE, 76 G, M G, K dl K “gkge 17"
&5 MR — 2% — R M.

FE A K v 1 20 i v, F 2l 20 B ) 3 ) 8 ) A R S
PR bR R B, A R AL FRIERS . X PR
B 5 A A (eyelin) 856 . FAMEA AR T
W KA MR Bk, A A 4. Bzl B
il 42 A J&) 30 B 13 A0 8 1 B B ( cyclin-dependent kinase , 4§
R Cdk) , Cdk 49 P B & H S 30 3 B ok i 22 kT
A4k, P 5. 8a it Ok Cdk 55 J8 0 28 11 v B3 %) ) B 4 A
fb. Cdk FIIE R E AR AWM AN, YA h
MPF , & A4 i i3 1Y ] F ( maturation promoting factor)

5.1 MRS H2LHH

BB HE XA 2 R A M0, B i = R M i R+
(M-phase promoting factor, 45 5 /5 5 MPF) ., & B 1EH
Bl EgMER G, KA m#EA M B (& 5.8b), X4
G, PR RERMEMER Y Cdk 4 F45 40, BT sl i
MPF E5WELIRA 25, KBERHTIIRTHZ
PR B BERR AL, B A HABIE R, B, E R L 2
) R I 94 R A T A A R 2R AR o

A 2 2B, MPF 20, K @ A E B
BOWEIR , T Cdk M DLRIE R RESFETHR S, ERE
5HMEABEAS FE M RAREABHNT -2,

f
&
#
f
k&
5

I 18]
(a) 40K /AR MPF I35 FiE M0 3ES)

® MPF WjRIEER 2 — R
Mg e B ORI AMES

@ MPF i) Cdk 4
SHEREH

@ MPF @i &7
EA=PR A
et AR

O CHRNANEELS TS
Cdk 456, G RiERZ
HI7=A4:¥F% MPF 4} F

() 7T L

5.8 G, Kf b4 i 40 M J& 391 89 4 F WL (51 B Camp-
bell %,2002) 41 fifd J& 3 % 2B SR i ) E R 2 — K — R A
AN TR TS ER N, XL Cdk, MabhELRE
MPF &M 28, T W IE S,



88 s s WAL

G, A ERR? BIEMITREH, Z0F 3
F Cdk FULF R E A 5 R4 G . AR
B - Cdk 259011 £ 5 40 1 5 3 B BT A &
B Bt o

3. 4 AE P A9 3K th #5 Bh 4= 5 40 Al A SR

& F Cdk 5 HAh s> 7B R RN E S ERER
B WF I ab TR B B, BN, B A WE R Cdk 5
{1V 22 b AL 2R 1 5 B R Ak, T X 26 W R Ak 9 2R 1 IR
NEZWAMERAM R EL R, HEEEEXER
AR F BB EU A R e, AT R AE R A LA
Bl

— A0 P YR i DR R ) R R B SRS
Bo Sr2ORM R A B 3 (R85 25 i 1K IE ) % 2
ZH KR ERAEN O EASTT R, EREREM
BB R A ERIEF A Rk AR E L —
AL BIRAGURBR A MRS YR E N
SRR S RER KB IGE S, K5 HHEA XK
HEARGIR—FESEEER, [ REERBNESY
( anaphase-promoting complex, APC) fb F R iHFRE., H
A TR SR ER B AE O AR bR IR, X R AT
FESAE%&Ik. KRG APC A A ¥ | 85| & J& 1
HEHRMEMMAEHK R ORESE - RBOEAK
Kifio

4. ERKEAFREKBIINBHES

WEIE N 51 55 57 sh W 40 i sd 28 5 HH T F 22 R I 20
M REISMRE R, X HREALFH, LAY
B o BN, M54 3% 3 ik v ik = B b0 T B 5% 40, 40 R
A5y, i H B T A A AR AR S G (E B SR A
BT — B A P I, T 2L 3h B R R 2 B0 R Y 4
Mt AR 533, A S B F (growth factor) J2 25 26 {4 45 Jifg
30 B 2R R, B 2 At 4 ) R

A KA T 1 — A B = i AR AT AR 8 AR R
( platelet-derived growth factor, PDGF) , 541, i £ 4E 40
ffd (fibroblast) , 45 45 41 41 b i) — F 40 Y , 3 5 ¥ PDGF
A fesrE . PDGF 4>+ 5 32 ik (B 2 BR WL 52 1 ) i) 45
Bolk—fRoH SR (e M s R, RBEX—i&
B T A E R RS T DR

PDGF AUAE N T 85 35 2544 5 i 2 Al 27 4 40 JHd 19
o, HAES WA —R . ZH0)E , R i/ ik
U PDGF, 2 1 £ 4 40 Jfg 9 3% A= A Bh T 45 0 Y
BE. CRAFZHARBARKE T, BR3ER 540
LR B FE AR R B A K F I SR & R

He A — B W R

A R B A BB T A 4 L ) 2R BE T 24 i 41
#l4E A ( density-dependent inhibition ) f) 3¢ 48, X ff i)
HE R B EN A M LSRR, FEEMD
WLEE 3, 55 5% B 40 058 H 43 24 80 78 Ky 5% LN BE bR
— 196 2 40 M5 A 1k o A T R R A R B — B DA
J& B~ 40 M BT REAS B B9 37 4r FAE K FEBR 88 T, R
FE LAHERE A0 M 4k SR K (8 5.9)

21 a0 Y A 2B
For3d

T R Y —
J2 )G B LSy R

AL L,
ENE 35

40 N A5 15 3

B 5.9 K520 % BE S 243 H (51 & Campbell %5,
2002) 40RO .

VF 2 30 ) 4H It 2% B 0 BE 4K 3% 1 (anchorage de-
pendence) , 533, 4 M 0 A0 0G FE B FR K b el
W 35 35 4% LA N BE b a0 UM A |-, SE &
B, 0 BE B R IR 5 2 08 o — A R AR A% 3% B 40 g R
B AR GE Y, 33X A A AR A TR v ) 2R B A 40
BRI % BE T 24 64 A R RE A 1 K
WEAE N TR 37 25 400 1 035 A ) 9 SR A0 R VR L, 72 9%
VA, B o i {5 4 L %) 38 B 455 1k o o 40 ) B G %
il 249 f 410 ], b, TG A o

5.1.5 §fafk

B AR /0 M A= W, G S A R R W &) Y e R
M 2 LG RS, BB B AL BT
AT UL B B ik, A )30 R, gl A R AR A B R RO



5.1 4 AM SA 4R (8T

=1

i A 22 b0 G B 4k

(b)

B5.10 kg

22 NERSE R E A M 58 H A B DNA Fr #4 B 9 A%
INME A 225y SR Bk e g K Y R 24 6 ih T &
1B R FE G5 B OB R AT UL A e e AR, R R A 4y
NS E M, ko kGENE BEENEE. H
FR KAl 28 Ak 7 40 9, 5 15 25 B 1 AS BB B AR, B £ A Bk
R B, L LB TR AERNES,
WRERAEWEEH BIEGE. TAERGKEAE
2k (1 5.10) o 22 hi 00 T 42t ik 9 — 4~ 48 40 B9 3
{2, BP 3 4i JR ( primary constriction) H1, 3 #2 %7 J& 3
o 5, Yo o A B 5 2 B 4 o A 2B RN E 4R R
FE& Yo ik b 907 BB 0, SR AL T 3 4k
o T A B €0 A 4y R KR R B R T Y ok —
P, L 20 F Y R ) — i o

H2 R JE DNA orFh — BN FS (EEIF
) o TER Y b, B RS E , B G2 BB T
FIF W, B 3 4 R JE BB, iR A 55 — 45 4, BD 3h kL ( kineto-
chore) , WAL 5B LG (SRINE ) & & 5§ ik HE
5| 3| i e Ak v g B VE FH

HEA MG Ok a2 RIE M, KRS A — e
45 K9 Bk R i BL (telomere ) o S5 5 K BH , S KL P 51 X
DNA ) IEH Z il 2 CHE,

MiRaEmEREE

PE Y4 {4 4K ( sex chromosome ) J& P 5 ¥ Jil (1) ¢ 4
ko NA 23 xfgefafk, H 22 xF, B &6 —# K
hH e A4 K (autosome) , HAT — Xt 55 & A A, B ok
Yefa ik L AR — Xtk B AME, K X
Ak BN —Xaikd KL A —F,

(a) JEBEF A3 XMRefafk, (b) Reafhaityi{HE.

Xk, S KRR, KY ek, Brid, XX
R, XY BEME, RMA 4 ROk, Kb 3
EEROE, D MR A,

REEHE

BEMEYROARKAREERN, AH 46 5 (23
) Beafk, REEA 8 K (4 M) Jeadk, £ KA 20 &
(10 X)) Rtk (KRS -1),

F5-1 Rz EVARFEENR

i T4 Yo i K% (2n)
H3E Brassica oleracea 18
K Cucumis sativus 14
pi Arachis hypogaea 40
) H 2 Helianthus annuus 34
% L);copersicon esculentum 24
E¥ Zea mays 20
INFE Triticum aestivum 42
%W Musca domestica 12
2 Drosophila melanogaster 8
% Apis mellifera 32,16
P Rana spp. 26
s Bufo spp. 22
X Gallus domesticus 78
KB Rattus norvegicus 42
B Felis domestica 38
1 Canis familiaris 78
A Homo sapiens 46




88 5 #MumorRAa{k
R SRR g AR B R R T R R —

Y EEL T — A T —A, AP PR a2 R A
FH LB R A
FEEHET

ANIE AW A AS TR e £ A 21 A 5 A% B ( karyo-
type) , BN [ 3 H , RN E RN, REJE S —H 36
&, fildn, NF 23 g Efk, TR\ EMINIES . K
/N PR B SR THES R 1 ~ 22 X, 5 A iR A — Xt
PR (XX 3 XY) o X2 ARG kg R,

rEEFR

K0 24 b 0T 1 e €5 44 92 ' 44 Bt 2 94 5 AR (quin-
acrine) Ju 8 FEVOC B Tl F B A4k B BLE
WHEHIREH RN Q #HF (E 5.11) . I FREYRAS
THIR , BUAE L 8 2 — 0K A e 8 B R, B 7 8 g% 4y
{63 (Giemsa stain) , XA & — 40 0 A Y2 (o 7 R, B

TE R R Je (o fhk  BORREF

W5 24 TP 1 B A n AR B 2R 1K e il A R B
P W g g o, e fa ik L B BURRAHE L BROM G W,
VoA A P B VR A B PN IR L £, gl (o AR I Bk
SR —EHT KA RN, CHFMRIFAESR,
AU, BN G T IEARE R R, LZIRR,
T A2 PRI Sy G o 4 v (1) R ASE X AN [) A e €6 1 A AN [R] G
R, HWFEROERN GCHRES A-T TR
A B, A WAL 3, R 2 E G - C %1 iR
Fr BB R A,
A Y o Ay B T A AR E WY, BT O AR B A R B
A HE— ARG X Ay R R M g e fk . A 23 x4 fa
PRER AT AR PR R X 4> (B S5.11) o REIR Y Fl, e f5
EE AR AR S . ML L& 4 R R — M2
PRSFBYREAE , AN B 45 G 044 () 7 55 R R R K
TR EEAS AR [R] o Y (o Ay 2 10 A8 1b th A e R B b 3
A% 5 97 0 i 98 45 IR R AE SR AL

i

i
T
i

* xS Commc oo dmm

20

&5 11

LT

21 22 Y

531 23 X g Ay B (R ) B



s 2[7 ﬁﬂ] n .

FEA VA B O B2 v, A M A0 i B RS O 7
BE) Ml A — AR A TR RO, R
1R — AR

fic 7 2 w1 Fic 7 £ 40 #2803 5 43 3¢ ( meiosis ) 7= 4=
Mo BRI & LIRS A 225y R A I TRAR R
L, MBS R Z AT A 225 20— K, R Ytk
R Ak, —RE G ZJ5 K AE 1= R U 4 /9 40
J1 524, 43 SRR U B 2 T M R . PRI A
HOGERESE4N(MAR2 D) TR, 89 T49
JH e G 0 A B A R B AR B B — 2k Bl an, A R 4
F S A 23 X g R (AR, 2n ) B B0 R LA RS
FHGF& & 23 FPalk, Bl R &5 ek —
A, RPAEEHM(n) o

EFERAEY D X Ak ARG T, —
X AT, — KA BE KANMR. X PAFR
A [6] P8 YL {244 ( homologous chromosome) ,,

1. BESROTE

(1) DNA & 75 W% o 2T th Z 1 6] 39 1 S
1, DNA & il — ¥R, X 2 0 B0 R 4 ad 7R P E— ) —

W 1

(e

5.2 BB A o kB 2n W 89T

K DNA &l

(2) H—WaH—EHRI(ES.12) K
Sy Ay AT T R A TS 3 T AR 39 T, 3 b g 9 1R
B W AR . B AT 5K 5 AT W 3 (substage ) :
YL HA (RZ I R L XU 3 Pk 4 B B4 A 1

TE AL (leptotene ) 1 E2 52 1] 14 J €6, 4 by 9 2% 4
o AR ZH B, AT 5 fH Ik Y 8 BA 4K ( sister chromatid) .
B i F 70 4% e 6 B0 0K B R O 51 2 40 T K B R, BT X
A g A ) WU M

B T {HZ I (zygotene) , [A] U5 J4 £ 1 ) 5 4> 1L 5 22
W AR HL, IO [ FE 4 . X LR FR A BK 22 (synapsis) ,
RWH NP EE SR, BEBSRX A TH LS
M-I EHEFA. BB TMEEN, & TFNLM,
B2 FF 4 B HH B BX 2 & A 1K ( synaptonemal complex )
(ES5.13) , X2 —MIERAHNE G4, B REHL
o, BRE ARH EEI R : — J 9 A4 6] 95
AT ETELY 100 nm {48 2 B B b, 33X [R] 8 e 2 1
e XT B 0 BE 554 5 55 — 5 T, W) BB ESE 2 AR T 0SB
R3S . B H B S S BT, B TR
LWL R T LM,

HLZ 1 (pachytene ) B, 34 6 (K 3 — 25 4 5 A HL,
[7] 5 e £, 4 i % 52 B o G X 56 BE B g 4ROk 4 4k
(bivalent) 2 P4 53K (tetrad) . —Hrik iy — R Y fa

@LWeEE

2 34

I

E5.12

I 1

o ///*% =-CC -6

@

——J

\Jy _.

Gk JEW I AR

Uk B 7 2R R R



90 5 mmm s RmMA L

U e

B5.13 BKEESK

KEA WAk ik, Hiks — A k&4 4
YO R EORR DY A3 FEIX A ARG R Y o B
{A 8] ] i & A= 38 # ( crossing over) , B fE ¥ i & £ T
Jei ¥ B B

X E ] (diplotene) Hfv, Y {5, A 4k 22 A% 45 AR HL , i HL
e X Y ] U e £ A 4 F 7E B G R e £
% 1] H BE3E 45 (chiasma ) BV AE 4H ok 3 {5 B A 7E 25 T
A E S, 38 A5 B R A A B A TR A R
AR ARk

B T 9 B 5 2 R 48 W ((diakinesis ) , 1 fR & 25
o SO Y PRBRE AL R B T, ARG LI 4, &
AR,

HIHA 1 o ) XU, 7E 5 A4 (] U8 e £ 44 43 I i
XA R (E 5. 14) o BRI B ik, s
LS8 U o A TP A 43 1 B 1) 440 AR, 4 R A
TR, 2 BT T G55 . 76 AT 4 40 i ) 0 B 40 3 ot 7R
o AT RO At 5 3h ) 40 i AR TR

X

- — AT

X

BE5.14 Pk X wifik
2 11 4 15 i I e 9 2 .

Ay IR EAR . BARFRAELR PRI &
RP8E ALK o Lo NAE B A I 7™ A= 1 B BF 40 i () 2%
SRERANA) M ek AT T (M) , LU 3 1k &
B, HEBIERBE (2 14 %) A FF IR E A HEO8, 32K
R R B R, ZHBEERER(2F

16.2.3) .

TS A RHES R AR T AR b, YRR 22
& L RRE Y A AR ) P AR .

JEIA T« Ak b i ) R 3 £ A4 8% 1 20 I, B 1)
e, L[] U5 e 0 A 45 1 B2 4% 3 2R 0F R A T .

KT :HEAFARPHREEREAREYEER
Ao Yo iR SUHT BT R T IR, LB N LI B R ER
i, SAE 40 224K .

M) 1 i 4E , & DNA &%, MR T @ik e
Hil (B 5.12 kRt .

(3) B3 W

B I S0 54 40 8 mi—8, 8 &6k
RAEMEARERE(ES. 12 hRRE)

P -EHT I 5620R R AR,
PEATEI LW &4 A, §H WY Pk p g
AR E LR — 5 — R I, G S A&yt
BAPKBE AL 3 S 1) B AR o IR S A e o dR S PR R
WrAkB By “ e fa sk HE&H —KBEALS 2, /)
HH—15EH M DNA 01,

AW 4 A+ 40 TP AR

DB 53 24 0 4k AR 2 0 4 S K, DNA L&
— WK, HHEREER 4 AN FHK, B4 Fah R
A on Yk,

BB R GH 2 MM, AR AE R, 85—,
A 225y 34 DNA & — UK, 40 4 24— k5 08 4 3L
J& DNA &l —% A2 =K. R & 7242 4 2n
HIGHHL, G & A 4 > n ISR, 55—, b YL e ik g
TR, B g M A . 20 %dh, [E
et ks MABKS ;B alkEH A —, 4
Fic 3 B A~ 48 B b, 20 A B AN S AR [E) R G — 2H
Ak, WM RABS, WE— Yk 2 H R 2 Y
B TR B 2 T W RS 43 9T [R) R e £ A S e
Xof 17T AR PO A4, SR e 2 AR X T 4 A R L2 A (R U
AR (ETHAREAE) A2 ST, 4
RENFHARSTRSEENRBROE P K -4 RE
&, BT LR AR o

2. AREYBBHORELEREARE

AR A=A I U B0 34 % A G st TE) AT 4y g 3
T L LK U B 5y 2 A b R el 28023 R R v T £ U
Ik

LR MR oy PR AT R T 207, &Fshd
N B 5205 00 o A5 4, o A 22 4 24 0 40 B 43 4k T




RER AT RS WK (2n) o h¥ AR —£5 9] &
P 40 (0 GROKG £ 40 N A0 2% B B 48 D ) 28 R
27 A AR T o

IR R R AR REFRE T %
KO (& F) AR E R G E IR, 2 51T
0 R4y T R A A B B TR A B R (n) o B
%40 MU AT A 22 53 2R A BRAE R BE F (n) , BT
B8 RAET(2n) .

il KRR Y) . ENRE FREA 25020
R ZAE R L AR, R IR AT B R L B 9 FE
WA o LA A= A RE 20 B, F6 7 B 40 M A R A D
Booy 24 A A Y BC R AR W, B E R AT B
(n)., XEFEF =R HEAER,

3. BBARFEERAS

L) 0 B W AR Rt 320K P R R TR (9, 2R R
FAERARXAMEARRY 2 AY Gk, 5 xR aK
h—ARARXA, DK AR, W, &R
Yefa kb it 2 A 3 o A Bl AL M 43 BC B 48 M P %
Wi 7, HRARHAREZMH IR, RN
RAERGK LM, FHMEFHERAGHLEZMHE
FEf . REGXFERaE F—-DENELE AW
MR FERHER B A, —DEYMRA 2 MR 6
h(n=2) BB HA =4 2" =4 FEF, RA 3
S YAk (n=3) BB R =4 27 =8 ML
ANA 23 X alk(n=23), NKKE T 60 7 9L & A
2" =8 388 608 i, th it R A X A LR HEEH A i
E WA B Y R S B B B A2, g X [ IR
Ok EA A TSP, E AR 8,
SR A BT A R, BT AERE, HAKNER
HAMZE X A REFRM T EER MR, A A
TFHEME L.

1. @RS

22 400 0 R B 40 B A A 0 ) A M, A R A 45 A AN
AR 1% B 75 T AR B0, (Rt A A [ B A R A
A0 S B 9 K R T A i 3 B T B 2 R4S R T
Ao PR, B0 2 M R A W B A M R R R 2% Y A L
B2 A ) A O RS R AR B A R, B B AT
290 1t B Ay 37— AR B A AR 3 R TR T — AR AR Y A T
SRAC T o 20 40 AE W0 U IR, AT ) A B A R B T A

5.3 MMAKE a4 |91

F10 - 4 0 2 4 7 4% o 4 A0 I, o R B R AR
fb (differentiation ) . £ £ 4 i A=W A K HF LB F,
40 B A 22 5y ORI AN SH I D RE . A RS
JIT 7= A 1 F 40 B B AR R 25 45 4 0 2 RE R Ak B9 40
L, 33 S RF Ak B 40 7 2 R ARAT AR [R] 2 RE Y 21 4%
HHM&GHERL.

LR AE R K E SR B R 4 AR
LM IRE b AR E P2 5 TP BUAS [ 26 B 40
MR, WATLUEY R BI LB . AR E R
1 B b T B RE S G AR A S RBE I B . FE Mk SE
RESES , K HMMLE R EaREN, RA D
B R AR B A RABE T . XA LRI 73 A
1, hb T v AR i B A A A AR T IR BROR A,
S W7 7 A 3B G 4

U s 48 0 4 A= 2 2 40 AT AR 4 8, e AT B4 4
BETR S, 40 M P o R, B A R/ WD, B e R
AR, BOA 20 B 18] BT, 3 2 &y A i 0 A % Rl 2
R LA . AP 5. 15 7R, 26 B2 40 40 40 il 2
AR 1 e A2 B R R R — R R R B B T B
AR ZE M R, RS A — Z AT, By 1k K o o
AR o FREBCT BRSNS D, BE S, WO
K HEZIRA L, 40 B b & A E Ak REBEFT R S AR A
A L6 YA Y, 40 M BE JR) B (I TR 2 SR 40 ) B4 A8
(hnJEBE 20 2 6 4 1) Jn J&, K AL, FE AR Y R R & L
PRSCEEAE R o A 20 B0 BE RN TR R SE A0 I, E AT H
W BLAE R B BE T R o AR R A K )
I i 2 12 7K 0 38 38, ) B b B O A R G2 e R
Yy Il EE AT X S A A, K S B ALER
BIRYEA MY AR P EZE SN EH. XEE
17 BB AR,

2. WART

TE 2 i A W iR A% B R A i R b, AU ZE 40
A5 AN A0 ML Ak, A IR T S S M R B — SR 4
HiME . 981 (apoptosis) B2 15 41 Ml 7E & B L R b R A
RFFHIET, A Bk FEEP DI ANER
B BLS , B o 1 (SRE) 18] ) 40 M & A O o, T B
BAE # B Bk, i 5. 16 fiR, AR R B d &
LR RRARAER, J5 R4 W 4 IE T T, P
I T o TEXG IR i Bk A 2 18] 40 B O T 22, RS BE iR
b B 2 1) 4 O T D S SRR R AT A B B T
SRV o X Rk H JCBE , 1E T R 24T WG BT = Bk
Bl T RIK




98 s mmms WAL

S AL

B 5.15 AP A M5 R5 RE U RS A RE R A0 T i s g B 76 17 85 oh PSR ik
RO LR Y A B B 2 Fh E

5.16 AMKEE T F4EEBEMM A T (51 A Postlethwait il Hopson,1989)



WL A LS I A e 2 B, (BAE
G 428 22 X 88, B 3 P AR M e B A R R TR
BWLIG B FRMME IOl E . fERRA T M HHM
2 W g g B b, A T A 50% B & o R T, IR st
TR T B A 28 T IE 2 T AR A0 A i A S R BB AR Y A 2
TGo Zead T IXRE XS i 22 e B H i R e, A b R R
) P 22 0 285

3. YL REMEF T4

2 40 A B 40 AR R R A SZ RO . A 2201 Y
KiwbLm , g A BB EEEE,
1972 45 R} 2 K 1 ) 1) 14 240 ML 76 365 B B9 2R 1R R, B 3R
HIEF B BR . 1997 48 Bl 2% 5 OB 3F i 3L IR 40 i 19
20 0 A RN 25 A 1 O A M b, RS M S RE T AT
Fo XEEUEAE L T WS Y A b, B A
SR AA 2 HBHE (totipotency ) , SR T 28 4> i A BE (i 30 ) 14
B 40 BT 1 — A 58 i A

FER Y R IR AR B A o RS B 2
e i 40 M AE 32 B RIS I W e A o Bl anAE =2
Pt L, v RE 20 SNV S A o3 2R T R 41 21

fEsh Yy BEE G R F A B Wi 2k T kK B L
AMREIRE ST, AU /0 A AR SR AT 73 Ao 1 At 240 i 2k 7Y
VLK i ARG R RE 0, X S AR AR T 4 (stem
cell) o ZZHEORAN I U9 2L ER A0 ML B AR H e AR
fiE )y, 4 RE T4/l (totipotent stem cell) . R % 7 %
PR, T4 B A e & R AR R R ), B 2
fE T 41 ( pluripotent stem cell) , 7F—LE ¥ LA LH L1
WAFEA T, EANTEA 7 A R 26 20 21 40 e 2 AU Y
AEJT, FROFHZUT A (tissue stem cell)

BxEm 98

FELT B #E A — Fh BB 536 O 25 b il 240 e A 4 2L+
iy, RERETHM, € HHELET AL REH
HOC,— 4L N E T 40 # (lymphoid stem cell )
FIBERE T 40 i (myeloid stem cell) o W EL 48 Hf 531k A
T 4 F1 B 40 fd . #fAE T 40 M 2 L 4D 40 i | &% Fh B
A Jf AL /AR o 7 AR AR R T A0 R A R R S
HHMB, XE—FBIERERK., REHEECED
Y A0 R A s, PR 5 0 A B R R B
haBEHORMZRE T HRBHED B EEN, BIGITH
L5 A A BB R AR

MR &0y 1 f 0 7L 288 B i b 23 B9 45 3 B9 R iR T 40
il (embryonic stem cell, ES i}l ) 5 & X . ES 44
i1 0:1280 e o Y el Rl DR LR S B Y S o R S
B H R EL

4. MR E

2 40 i A= 9 1K 110 4 S 28 5 A BR R B A 2 LU
PEART SRR MRS, E WS 5T R4
B, 20 {4 60 A, Sad Kt LKk A
T Wy a2 0 R RS R R 40, LA AR ) Fn
i #R A — i FREE Y, dn A S 55 3% B9 N B A P 40 M,
HAERIFRAFIG 40 ~60 X, fE(AN,BEE A RE A
M E#HEAE RS, HEMMAESMIGE LR E
— FR G AR AL A AR A T G A [ 4 R A A
5 1 9 2> R A Bl P AR 4 o

2 B 194 0 B A 4 M O T L0 M e R R ST
TEY) AR A RE B e i 9 Bl 2 |, R 2488 T A Wik
R B RG . BN R %CH, fEnf ) EF%s(m s
AT A S A A

EEH

o A SR FH — R BHL 1L DNA 5 R Y Al 27 1270 Ak 350200 B, J0 2 240 K5 45 B8 7 440 G J0 300 o4 6 > B B 2

2. LML AR 120 K, — D RAENFHAE S L. BESZLT B hA 500 J7 A2 401, 8 4 &7
B 22 A ) 40 I A B AR I T L0 I R IE R

3. At am g GRS i PIAS 5E 2 A R B9 3L 6 LR 4 R 2

4. FEA 22 5y 00 A0 L R 0 b 0 B Sk e AR A L SRR EAT A 22 4 R AR JE IS 4 o o e A R BOR
RO — R S — Rl R R AR e R ARG TE T A R R k. XS R A AT A )
PRIA g 3 R £ 20 M 010 75 AR PR = 2o 0 40 PR 0T — e 7 (3R - AR b AL ) o 5 1)

5. JEEAE f10 D PR 2 P S O e DR T 40 M DG BR i st 3 2R, i AR R T SRR YT I AE Y 25 1 T ThD REAE B
Kigsh, MATFHBNERNIGLE . AW SRR B THif 7 BB HAE i) 7T AR d 1A Wt







HHESh B 454 5 Dy fiE
BIRSHML

IfiL ¥ -5 17
RS 5 T

PR A 35 1 45 il
RPEFRG S RAEIIRE
o3 6 2R G5 RO Y
EAES CE A R
R NERS R

B anfe] iz zh

HE SRR T

YIS 51

dnp

414



BBV ESH S IDRE

6.2

6.3

EIE7Pats P AN R
JIt 2 1 )
BB 454 5 D RE X AR
7 PR 55 Y 18 R

B I SMIR IR 5 A
WH

H:gE B (A, Vesalius 1514—1564)
Fo et A AR AR 2 i B

DA ERES HAEEF. ARBEOMENSIHI [ ARG E L5 H,
do AP RI D, MO EME AR &,

E—RRRE S mehh P AL b mie o, FEmps EHE
Ak, ArmbstlEshAt, #— VA LMEG S mpesh Pl dm
JitL 28 g%, 89 28 47 (tissue) ,,

ESmiashh P hart—FAREE (organ) , X2 —ANMEZ&F,

TR EMHALAR, ATR—FRILAHF LG, flde, HRFLA— &
HRABGEE, R E AT AHBEETF,

HWPAR B HERZE EAB T AR ALK (system) VA7 R AR X 0 T Ak,
Bl de EHRER G HILAR G FREALSF.

ABEIZUAHFARIMWAREARE R DIHAO LM E Ak,




6.1.1 AlZUh ~Frek Z R a4l &

1l oK £ 24 LB 1A

20 2 A L B 0 U ) B A B, 4 M AE B R
EAFHEW . —Fh 502 Fh 40 i 2 & B0 28, 7E LK
WS EMER . BFHESIWERAN A 4 FhEA L4
41 B2 I 4 21 (epithelial tissue, epithelium ) %% 4f
#H 241 ( connective tissue) JJL P 2H 29 ( muscle tissue ) Fl4ifi
22 2H 41 (nervous tissue)

1. FRARBEESHREEBINRE L

RS A s, b A b B A
Z 8] B HAHE  JE MBS R RGBS 5 A A
fih ) R TET b o 7E AR IR Ah 3R T LA R Y PN 3K T A A R
BHMARIAA L RHAE S,

LR A 2R AR a0 gl ML B R A IR
Y& (LT3 T8 45 5 T 48 A HE 3 A R B 2 HE , 40 i HE
F e 5, — gk U B T, ARV ES T B A AR A A
MiEEHI IZ)Z(EG6.1), RgpE EFEKER L
W HIRE#R A — )2 K I ( basement membrane ) ¥ |- J7
HAHSH T ARN TR R, TEHESYH LK
HA-AARZHM, RS LA B2
B, WAHZEM.

AR WA WAE R . AW R
MiEAl , BA 43 T RE . 3X 26 40 i A 1Y 43 IO7E A Y
bR gLz R Gn /0 B 2 I L B 06 A B 5 A ) S 0 A
JfL B R BB A . e b B 4 M TR R R A S5 2k
— A BN AR5y WY AT A HE RSN 5 — 2K
S T R A0 Sy W B EBOEE A LA (B 6.2)

2. BGHEABRESEIHHMMNALR

LEaE A Z R 40 g (3 Fh R R A 4E A C E T
B B BT M) B . 45 4 2H 2 4 B A TR E B A E B R
2« [ A 0 48 A RCET 2 40 i | 2 AR LS U 4 A
Ui 5 P 40 A B R 4 L 9k EXL 4 L L R 4 L A K 4 g
8 o U 0 4 i AT LA 5 i v e (] 24 4 i 32 e

3FEF L4 N A B M g AR
JE J T 4, LA B 43 32 B AR 1) 0 AR £ 4

TG 58 T B HE T A AN [R) B 4, 4 34 G 1 22
WRK,

6.1 FHYRMEBRMGHMITAME 97

R R F LBz

2R

E6.1

6.2 AERSIE R (A Junqueira,1980)

DA b 3 26 5 53 it 2 1 P 45 4 28 4 AT 4 kg I s 44 4
ZH 21 (loose connective tissue ) . B % 445 4% 4H 41 ( dense
connective tissue ) 2¢ J1L.2K

TEBAS S5 45 21 2L b, 3 AR A JTL 2F 4 32 4 A i
BRI FEZ , R 1) S [T s F 4 L G R T I BE B . L A



98 6 WHHWMLEH SR

BRI G ZAFAE T 2R E 2 Th A AL ] R K
2% A E H PR (181 6.3) o

i s 40 1

e

0 Q\:{T
00 =

B 6.3 HiMASE AR 414 (5] LWL K%, 1981)

PRI,
77 7

B 45 4 4 2 ey S Y B AT A A A R B AT 4
240 A K, L T 4 AN I S T R B /D, B A LR 2
ORI BE LA H LU (K 6.4)

B 6.4 FUELAAZ (W) (31 A bt ImiE k%5 ,1981)

K (cartilage ) & —Fh 45 4 41 40, 8K B 2K i 2 Bk
JEEAR L B 1 19 SR AR, B A i AR L h (B 6.5) 6

6.5 HH (3 ALEIm kS, 1981)

H (bone ) th 2 45 4 40 2, H1 B 40 S AL A o
B P A KRS ER TR, R, K E S 5R

ig Wi 41 2% (adipose tissue ) 552 LA AR i 40 i o £ =
LAY B B P G 4 AR

IfiL 7 ( blood ) th j& — F 45 45 20 41, 1 ¥ A2 Fh 1L 46
JHL 0 AR A 114 SO L R K, 7 I e O a4 B

3. IAALENYHNE R REER

JUL A 20 2 by JUL 20 2L B UL 40 i R e R AT A&
4n , 5 U UL PR 21 U sh A o8 A WA T i

 HE h 4 B LA B 4 3 26 R SO UL AR A L 0 L4
L R0 SF- T UL 40 . BESCULAE i 2 R A, AR 10 ~
100 pm , KAl EHEK, &, EXFRBMBE T AT R
B s 22 B I RE B0, A7 T UL 40 10 B 45 4 2H 234 Bl R L
oA THNR XS4 HALEERIAE. VLA™
v 38 o AL B A E R b, OURR B #E UL ( skeletal
muscle) ,

> ( cardiac muscle ) 4 il 52 %2 AR , A 433, IF AR
HERERM, HBE N6 ~22 pm, K 20 ~ 150 pm, H
B, LA A B A, 0 JUL4H B 4 R O BIE A L Y
2. ¥ WL (smooth muscle) 4 il £ R IE, HE 2 ~
20 pm, 1 20 ~200 pm, ZEHMB PO, ERMETE
AENBEL, K BOF W ULAE i HEZ) B sRRB A4R, A
A REEE ERALAZE (K 6.6)

v T

Tk
ST S
oy, CLEI]] i
21 < 2ell* (&7
b AR ==l
—— T
RN ==
=_———

6.6 ALAAHZ(BEENLOUFAEREIL) (31 B Junqueira,1980)

4. ¥ HELM R —A BN

1 25 20 2 E Ao 2 4 RN 28 T R R AR (11 6.7)

22 41 it X FR A 28 96 ( neuron) |, £ 5 Y 44 A1 28 &
P, WIEAAERE B BREELRE, REXS
Pik, —KREMHESXEZ, RAIWR; 55— KWK
KRR, — WAL THRA -1 HE. MET



[{ HOLAML MTEAR X
CKRIBUR) (M) 2 T

Zb> % B Jo 41

/1N JEE J5R 4
(®)

6.7 HFEBMMEAM (a) FIPZBRAM (D) (a5l A
Junqueira, 1980 ;b 5| [ 4k 52 i it A 2% %5 ,1981)

RE R Z R WOF 1% 5 F 22 vh 3, 78 A PR R A
PR AER

i 22 I S5 40 L ( glial cell) ¥R 2 T 200, )
ZHETHEAR T, PR EHGARE,HX
WRFBRZ 5, M AR VEFR RESEZ T
T B9 A o

6.1.2 ZFh 4l 20 nk £7 ¥ & P g R

B

ILFHHRAE SR RAREDNEBOEET. UA
HEE A o ol LA B . B 2 T 46 B R K B9 4,
—WA TS B EME, ~wmEW 5+ 6 HH
e BN EIE HAR HS mITE NS RK

6.1 FHYRMEBRMLEMFTALY 99

BEM (K 6.8) B MR M /Mg K
B —#E  RIERE LR E R TR RS54
(K 6.9),

& 6.8

H (1} & Hobsley,1982)

KRR AE AL BN R, B — W2 45 40 4
211 R O L B SR R, T A M

LB JZ b 3 LA G, Lo AT L2 IR AT LZ
BTILZ

R )2 52 ok P &5 4 20 2UR R, R OR A Il
BOKBEEMMHE,

HEZEEHAENRNE. ERNREH L EHR
P AR, Herp— 38 23 b B2 4 AR o3 6 A0 B, 3 A T AL
AR EE PRI . b RGN T T — 2 45
HA G AT R A — R

B AT L, B b R LN 2 S A A
GIECEZSRAE o)A

6.1.3 3 FANHIE i 8% 0 X4k — A
fE 5 1 ¥ A2 D R AE 55 1) & ¢

BN RGEHBEE -RINNBEE. B, HERSE
MEF/OE BE H RN K%,

ANEZEADTI LS R 11 DDIRER S8, B A2 : Kk
AR BREAZENANRGE HELRE BARS HKE
MBEERG FFRARSE HMRE AT RRE HER
FMATH RS

J2 Bk & 4t (integumentary system ) B J7 ik #4952
FELAE AR B SR T, & R SRR Z MR F | IR FE



100 6 Hiesh St 5 ke

IR T AL T e
FCAh 6 B AR (HT)

24 0 46 %

E6.9 JHEEMSEH (i H Ham,1957)

& N PR RS E B9 AE (1 6.10a)

B & Gi (skeletal system) J& i 4> & 206 H B 8544
), FER AL S RIPPNESE IJFSINRSE
—EHAMAARRZ3 RS (K 6.10a),

WL & 48 ( muscular system ) 52 i 4> & 600 £ Bt [}
& TEE R A UG R o B UL — AR R o L
Jit B 2 A [ BB 0 g a5, AT #R W 4 T LA L B A
iz 3h (& 6.10b)

H 1k & 4 (digestive system) 21 Ol 2% . H .+
388 NG K R LA R R I AL BR AR TE
AT I AL B W OF B IR R AT 55 (& 6. 10¢) .

T R Gi ( circulatory system) 0> JiE | 3l ik | i ik
6 40 1l 8 DA B O e R Il R R, K I VR R B 2 B K
Ab A K 1V P B SR R L B 4 B, OF 2 Bl
R =iz ik ok (A 6.10d) .

W EL R4 9% 2 4t (lymphatic and immune system ) |
JE B R A LS M L RN A A DL B
) PR 2L 1 400 P A R, A 1A R R T B R R B0 S A
REREM(E 6. 10e)

W% 3 4i (respiratory system ) £ 4% 5 JFs (i U
SCRVE AR E o R T R 432 3h i sh i gk
ARSI AR, 38 o i VA 2R K 402 2K B 4 B Y 4E
L, i Y 0% B4 SN 4 B i [m] — 4 Ak ik 3l i il HE 3 4k A1
(A 6.101),

HEM R 4t (excretory system) Hi B i IR & | B Bt |
PRIE S5 4 B R, K U2 B O VR AR L
RIEW S HE B RS , 435 R W02 33 /Y-l AN 35 8%
AIFeE (F 6.10g) .

W43 i R 58 (endocrine system ) £, 4% T e figi 344
FFOBR R VIR LB AR A R A, 23 8 — SR S 1 L AR Y R
KT B AR A K R E AR RSO AR B S T B
(K 6.10h)

125 R 48 (nervous system) 1] 43 hy i HX ¥ 2 R 45
A A2 R G, B 52 0K N AP IR BT I I, 7= A N2 IR
IOL, 55 B A Ty i LA L 9 AR BB 9 A5 4k (B 6.10i)

H- B8 22 45 (reproductive system ) 435Il (1 58 & ;N 4 4
S o H B, 43 0l 7 A T FMERC F , 2 R B ORUIR
fifr , 5 WCHE S R I 4E 95 (18] 6. 10j) o



6.1 3R i 23 U 2544 BT 4 AR Y

A

(c) HILRZ (@) B RLE

oy

(g) HFtt R4 (h) W43 i R Gt

7 Y 3

‘ B i
o
TE
i

(i) P& R4 QEXEX
B 6.10 AKMAAN RS (51 H Campbell % ,2000)



6 A Sl i S5 1 15 D g

s SMRTE &5 LA K A FR 45 # 15 ) REARGE N T &
FRAAFBIRRSE . LA HESh Y b i B B £ D B, B A A
TEAEAK R, BN AR — R R IE , 787K il Kk AT LA
KB 5 AT 4 B B 6 P B 5, T EL R B2 A B 4
JHS 285 Y AR B 73 0 Ak 28 AR, 07 £ AR 455 1 8, 0l 2 i Dk
IS K B R . X B4 s BB A A T BE - 7R K i B)
Rk . FAEK AT , 7 B WA SR HE SRk
g A SRR S A A L R N T K P AR
SRR A R AP AR E o K D HEA S 8 SRR K
YT 1) IE L5 AR P 4 1 T 160 AR S, T RS AL A e R
G Al 1R 280K M B R S S E AR (B 6. 11) ¢

6.11 @EAY 45 DL BOK 35S I 3 #9 J5 [ (45 @ Schmidt -
Nielsen,1990)

g Py & 5 5 P B R BE 22 5
g
AR 0 3 90 B2 4 R 2 i, A UM S R 38

1Yk 42 0 A 4 3 B B 7 19 RE B A 2 B 1R i A AL
Yo BT BRACE 6 3 7™ A i A8 B B a0 25 HE B K

bb o BT BRAC T 3h BT 7 A 59 RE B2 DLARBE L HLAR E |
JeRE I AL BA S o i LA 3l A= i 3 Bl B o 7R
J2 A T D] R B 855 o 3 HBCRE A A0 A AL B L R [
A J2 A DT 3t DA A pAY 1) i LA S5 HE AR I I 0 O e
AR, X BRARA L, R ILERRE LGN
S5,

6.3.2  ZhPya S A £ 3 5 BE M B2

1 B 64 22 400 Y 3 0 (AN oK 8) B 40 e BB B B2 S 4k
R IR BT, B O R A R B A Ah R ER S, AR
AR YR RSN R X, HE ARG E
£ 22 40 I 3 1) 48 DR 20 B 4 M O A BB L 55 A IR ER
e, AT J R A B 555 0 2 s 0 A oA ) A D A0 R, e
AW ALV T T 40 -5 40 M = 1 Y e B, X
PR 0 0 160 9 o 00 3 o 40 i R 15 2 UM AT 0
A2, i 4 R S ek T AN il A BE S i 3R U AT ) R AL
oo MAKAERZME D AW R, HEdH BH.H.
fiti R SE AR E S AN R AT A (K 6.12) .

£ CO, 0,

FME BEEVORE . REF)

6.12  Z2 41 i & ) 114 40 fi 5 A1 358 R 55 2 18] 64 49 Ik 22 e
({}i B Levine,1991)



1857 4F ¥ [H A= 3 2% % Ul JR 44 ( Claude Bernard,
1813—1878) B 4k i , 40 a1 W= AL A4 40 Jifd B 2 4 1
FH b i 2R 5T, 173X F 40 M S0 K = B K N R IR
(internal environment) . AR VLK ) S 35 3 5 & 5 2
1k, {8 IR BE B AR AR X 45 Al i 4R AL T — A e B AR
H Y3 AR 88 . DURGIN D, A 3R 58 10 B E 2
SEHBB AR CBTA B A P A 1S 4o ey
ALE DA —A B, g2 7E N IR R 35 A i 2R A
FIFRE o7 DL IR G 56 T PN B 58 A 0 A5 5 J2 4 D IF 8 A=
A DERMENIBWN R AEYFH— D EER A
Ao X FEBR M T 40 M A AR A AR R A R
R, R fA i B IR BE L pH, BOR — RE B B TR LR
PR EESE . R T X 26 5k 44X IS 3h WA BB 1E W
7 4 M F) A A A 25t BRAE L .

6.3.3 REBIMWVARESPEREN
il

1926 4F 3 = A= 2% K K 4% ( Walter Bradford Can-
non, 1871—1945) % J& T 4k 5 s ¥y AL 4k P9 R 455 52 58 19
MEE, bR IR X AR R E RS BRSO 40 B0
VAR RS . NIRRT E 2SR
& A 38 H LU S E 136 3, 7 A — 5 R ok e D
WL AL . b4 ) — 37 4% 1Al ——F2 & (homeo-
stasis ) R ME 7 Hh 32 Ff £ 4 98 5 B W B T B 9 A R R
Ao MIAHEREIFAEWE B E AL, 25— Ffhal
AR (R AR X R E RS . XRRE R TS HE /T
B AR BT A 720 5 6 AR Aok 4E 55 19 o il AN, 24 il 9 A
T 26 W ) R BT e I T SR R 0 A R 2R A L VR LA 4
R — € B9 B KK o T B0 1 3 4E 5 2 10088 ok B LA B %
A 40 JL A/ O VR B B RS E o S AL AW b SR
TARALBR I VR BE CE IR DL 2 AR Y v B R AR
A0 2T A H AH X B AR R, T BILAA () 25 o T B AE 4
B IXFAHRT BRSE o FEAR — > A5 2 ) AR R
) e B 1 o s v /0 T TROHE A Il VR B T A B S A LY
Jo 5 it 4 AR — s B R 3R A CSECHE Y SR AR LA 4E 5 3
ok 1t AR R A Bk A R RS E s THAL B R K VB IR Y
FTCHILEE S5 5 A P, T B U 0 A 32 4 L K R TS AL
ik — R RS, B2, B ERMERS, UE
SSRGS - AREHELEACKH TS 5451
RN R € o

Yk N PR Y B B R % B A B Y o R, X
R A SRR R N ER R R A

6.3 YIS EIFEE S AHIRE

i M SO T PR 2005 3 ] — 8 4 4 Rk T A AR T
X AN B FR R B A5 (feedback ) o Sz 45 A P AP — B
J2 17 15t ( negative feedback) , 24§ — 1> 2 Gt i i )
I A5 BA% 2% B U T 5 R XA R 56 .
fHERK B RGEM R B R Bt (E6.13), M=EIR
H25CHE RERZH A#S B ERHGESAERE
C,Ci#iat D EHESHMMAEE EE N BEBMERS
Kk MKBZEHIE A LHNESEHES ER
TP P A 2D . 24 K IR S B i E B9 30°C B,
A RHES ISR E B AR5 E 5 K %
BBl A 55 B T ) PR AH SE KB IR R fE IR

e SV

Fi 25C

il

KR 25°C T A& 30c
FF 46 i FasE

6.13 {8 i K ¥ i 7K IR 4% 1

5 —Fp & 1IE I 13 ( positive feedback) , B 48— &
i i HH 340 i 15 B A% 1% B BURR T 4 5 | A g
AL G SR WS B 7S B — I R AE T, &

HAREOR, AW WU, R AER, kAR E
2 AR Y 53R E R I )

TES RN, T S A5t L E S A5t i o Y5 O AR A AE o
B gE e S A EEEM. #lan, b T 4 Fe ik
K B RS E , 7 R 9 K B it 22 i sk 6 184 in HE B A K
B, 7E R N K ek /b B R 07 a0 HE A KR 3 R R
AR — R B ALH S B (W 10.2.6) . fifJL
4 73 58 U 2 — FfE SR it B (L 16.3.6)



104 6 YL S ThhE

wn AW N -

TR B 2 B WL

VIR L8 4y e A 25 TR A 7

B ) 0 A 2 4 A AR TR B S5 ) R R E 7

At A B ETEERF N RENEE P REEEM?
RAESAETVFHA AR R?




7.1
7.2
7.3
7.4

HIF

s it Y S R
AH AL R 58 K fE
HHESH YT AL R SR 45
45 Dy RE X £ 4 B4 38 B

i 25~30g
#}o6g

PR GEIR 300g
KERRER 30~50g

EAR/AK 50-75¢g
£iF 50~100 g
W 25-50¢g

KA 300~500 g
KHRH 200~400 g

%?é&!%&%&izsmg
7K 1200 mL
o E RO
Hrf & 53
(PEEFFES)

& 7 B o R AE R BT M B AT BT TR A, ALt R RSN R R KA X 6
Atk , ERNARETH R L LERCARLELR T AARE LS
ENNENHRET, RBMUSIRBKGD R EREOTXZIARR, AH KT
EoAhmikk: —ERERSHAGHY, M AN RBIE L6 LD (KT
APRK—RAHE MNEEPFRKAKRFLHE), BRI B AEAHGER, BT H
SYEREAAFEANG REHADASIRKREDTEOAN ST, XA
FAAAEDAGZBF AT, RIRH L) AW, 48 A A F (autotrophic nutri-
tion), MEAMHRAARAEY., A —XAEDAFRENMEG LD HEH
M AL TR B R T AR AR S, L A SN R IR 3 AT A AL, FF A Sk AT AL
WP RFAGEHAEORE, XEAY LA HH L, B H 5 X
#7 A S+ 4+ (heterotrophic nutrition) , X KA AR A F AR A, I AHBHF K2
HmARAFHREY, FREDBRBRAOANYHRL RO BRAED, Fl, RAFH
4 (carnivore ) *L A K 3 49 Fo £ HL 3 49 (herbivore) , R S dei iy, R FH M
(omnivore) BRvL sh 4h) X vt ity , T A RL AR DR RAZ MY, M A NG A
M RZEXSERAFIR ALY R KEH &R k6T, T
AP EHAREIRLAHRELRET A,

AR Ao L shth—# LM R KR H (RA S Y, LA B
), ARBAEGEFINEOREPAZEMNGROAIS, AR HFER
HRMRERALO Ry TIEY, XX TF AW LMk S AR
B4 ) - F AR A AR AR B EE AR A Am LA A

A4 P AR 4B A AR I AL B e A R 64 40 R AR A # k& (nutrient)



106 7 HHS5wk

7.1.1 AR EMp U 3R K7

ANELTHEFRRLE K EELE EQRRR
CELAE AR 7 IR B A 25 ) 4k A 3R ) i 456 Ko
EMNKZHOEBY P A& EA R (ERE. 8
SR (R T -1) . FEHALRE P ENTH0 N H
SRRy - B (TERY IEWE S5 ) 800 i R B B L 3
T B 4 Mk Sl R R, I 0 4 i O I T AR A H il . X
S i 4 2 2ok /0N Mg BE AN L 9 EOM B, R A R AT A
£ )3 R R A B AF A9 OB, B i A i A i 1k

RN R BEIR AT B R BT R A RE R

7.1.2  ANFEh ¥k oy 6 sh Pr s 0k B
X H & Wb L 2k

— A oL, A 3 T T A BE AR b B 2 AR
i B BE A, A W 2SR o A ki A R AR R i R
HERARE R . ENEERN S — R84 E kL
i, Ba e R K A S AL (3 F RS AR T RE
Y, FIRPRBCHH RE R . O B RE I — ROy R RE, B
— iR E e, LA RERL A2 B ATP () = AE 9% AR 6
P A LA & b 3 h B4 RE IR, B 28 — 8 4 AL R LA
REF T, —# o ek o Bk, B 7.1 BRI
HY fE A B OB DL .

®7-1 RYWHESR(E 100 g)

Ty EHAM/ g e Wi/ g WiXk/g B /keal®

Rl >k 7.6 1.1 71.3 350
B/ S 8.5 4.3 72.2 362
58 7.4 3.5 2.7 72
3 2.6 0.4 2.0 22
#IK 0.6 0.2 1.6 11
IR 16.4 32.0 0 354
Rt 14.7 11.6 1.6 170
W 18.1 7.4 139

'Y BEAM/g & li/g WEX/g  $ik/keal”
b HE 3 9.9 1.8 74.6 354
K 36.3 18.4 25.3 412
(29735 2.3 0.1 16.6 77
& 0.6 0.2 3.3 17
) 9 3 1.1 0.2 3.4 20
2 4 Py 20.1 10.2 0 326
43 3.3 4.0 5.0 69
Kt 17.6 0.8 78

* 1 kcal =4.18 kJ,

TE AR R B R B DA DR TR & (R R AL AR T4 A, 1977

ATP .
i 90 % AL A 4B B )
C
4 " / W 5 R 40 R )
g A 5 e
4}(, \ BER =1 & mAe )
162 i c~®
W WL 53 WA (72 3 fik)
C0,+H,0 ADP
SEBEY "

Pi

B 7.1 AfKhEE R R
C: MR ;C~@): BERRALAR ; Pi: BERRAN .



K 2 B4 M B 75 2 00 B RO 4 2 e TN BB
(20 ) (9 4 M, R T80 A AF T8 i Ak 27 B b Y RE 4
B AY o  Hfi  H f  2 E E EEE h  TE R
R TR R, I AEEY P REE(ERS) SEA
JE A LT i Y R A B T B 2 DR 3 AR IE R K
¥, XJEH T AHREFRMERN S KRG NERE ST
il 6% 7 4 WE R BB D o R R R 0 SRR R T LA AR
AW, N6 W eb 6 H i 43t R DA AR Sk 4 2 B R T R
BB AT AR S RE VR B i A . X AL AL AR
o, ABUE W R EE N RN ANSF R EHavHR
Y AR DRSS JAT SR A R A ), 1L R v A % RE K
RFFIEH .

B E A o 0 i 7B AR D AR B R 3 Rh B
YA BBt BT B it . 1 g H R YRR B
sf T B B A B BRI W B AR MY . A AR Y A
#r H3.74 keal, FEME B M S 3. 94 keal, JE 3 19 A
4. 18 keal, & Ffig W5 i #4  4K L AR B 82 W2 43
M sE, BNE R W A A 9. 28 keal, B g B2 B9 N
9.55 keal , JHFR I~ 9. 74 keal, Zh¥E [ FiAEH &
T g 58 = 45, 6 keal , (HFE AR N 4 5 {0 R i #R
4.3 keal, XJEH K HE H B AEE NI R T2 E Ak,
BB 2 2 (45501, 3 keal) {03 T & A R 75 &
WHRBREF(FERREZMEA) RN, FEEH
Frh R X 3 R A B BOR L BN A A
JBT R P9 = R R g e 4. 1 keal , IR BT B 7 R R
B9 9.3 keal,

7.1.3 AN mEh Py ity 2k o 75 2 IRk O fiE B
¥ i

MNARTEA [ 649 3% 3 b B AL i 8] 9 P 75 BE B AN ) .
BRI ] NN 513 ) BT T R 4 AR B AR O A R
( metabolic rate) ,

an S AR HEAT 4K 7 356 sh A 7 6 3, R 4k R
BROARZS , 76 B L I (] PN 2 i 1 30 BT 5 22 10 5 (IR FY) e &
R R EERE AL 5 % ( basal metabolic rate, BMR) , X %t fE
HA KRS F T 4R RO B O VE O SE NS B RS
o [Fl—AANBHEGEA R B LTRER, BIEEAR
7] i H 0 i o2 —#F

AR A 7 A% 0 S 36 T s, A RN 3l ) 4 A A T 3l IR
RERFEER. ARG HFE T EFRYE,BK T
Ho gy fest, HT0h iR R RS . A KL 7] RE K —
WoERYR(GFEETHEER) UHFEEKRN. @A

O RE S T A RE R S AF O RE R 2 A, B
AEH A = BEf A + RER IV AF
5
RERERIA = i B BEE + BT R 2 + RE R AF
AR B i AR A Al 2 2 5, o T RE A R B BRUHE
fth 4 55 RS HH AN S BORAR A, AT RL 2R AR T
SR AR A K T RE SR BB B A N IE %,
L LA B W ST i, AR 3 A
WRELTMBFENRMET  RBEAELZEY
1T i A BE A, B0 3 O A oh B R,
AEf A =0 = §ij th AR BE + RE LI AY
R EEE = - RERITAT
BIBLIA ™ A= gy Pk A THFE RN IR Y I, (A &
SR

7.1.4 B R F0NR B AB A B K R
et 1)

WA IR R e R EEOR R, ARt R R
O 06 R AT/ B R4 o E AR OB b Rk R L R B
EEMMEH. i

NI 2 B rh B T Ay o SR b B A
MR K ., 25 05250 & B R R 06 RS I R
o T 2 H5 3 0 0 S BE 2 005 10, B AT TE W R (limoleic
acid ) 1 IE ¥ i1 A2 (linolenic acid) . X i i i [y il 77 76
FHY T BES MR PR, BB 5%
T WLRE TR A0 ST B R S 2 0 A R, AN
{R kA K B 1 B e B FE R

& R e B A JEL [ T 40 P 0 = LAY, A2
friEshh RS EEER,

Pl i 0 S 7 4 2 A 2 0 ok R, HE R £ o 9
i B HE R T IR v 4 2 3 2 B B A

7.1.5 EAMZEEEMBESE AKB
JER

WMErprR, AT ETYACRENBR KR,
T B A Ry 2 s As 2 AT SR i okt AT Bk
ARG H L TFAKA R REd, Fi
wm, SR EA R 45% HEEA KASRER 3%,
MAKFEAE(—FEMBERPEEEERNEA
) MREH 25% /NN KEAME 2 ~4 REHE
B —i . DXL H R OR MR H R AR KA
R E 5y F PR o HE Ak Ah . 68 b th g s AR
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e

Yy, — Rk A 'Y, 0K A HAR, &4
SRR H ST OREI/ING N R B . T A A )
F71 T3 40 M0 Ah S DB L DA B R 3 T (B AR . PR, AT
WOZT A S 5 B 5T A O A A B TR AT B AR
9 LAY ERRC LR MEANETYWHRIRS, E
F 5 AT LA 2 i T B Y AN AT R A Y DR A B AT Y B AR
T LA PR B ) 3 A 7, 5RO U o i B L 1E
A BE A PR A 5 o R R B, AT AT AR S AR A
AR, R ERMNO Y PO EA EBHNE
S5
BYHPROEARKEYDIL DFEEREFTRE.
EE, (RE N AR Z LA T S K S
RIEHANEGRTGERIRE A E A FYR?
WAENBABRETRAETEO0.67~1 g HH
Bi. M1~35M4IILBAEXETRAERTE 2 ¢
EHE, —PMHESEMBN(KE 60 kg) K%
40 ~60 g EAE ML T 1 ~2 LAWHHEARK. @
T4 i 30 A o EL O B K T B AR A B 4 5 1
30 g.20 g,

7.1.6 EERP 9 R LR 2%
E 3R &R

PR N W 34 s - SR I SRl 2 S b
W7

19 2 AT, IF AR A B E A RS E T
HEFFIEH 0 A A 16 3o 20 4 ) 3 1R R 4 W (F.
G. Hopskins) ¢ HH £ K & A #7 /M W, 14 K Ja /b K
fEIE T o AT 9038 X Foh 3 A 4 AR kD — P AR A
B, EER, mAERY TP EXFEER, YA
N[5 {58 ] S J — % o X U B A T R UE S ) 4 B 14 AR 1
AN U B B 0 A R, TR A R P B R
WA REREEHHEE.

20 {42 30 448, & Hr (W. C. Rose) AI4H W & H
JBE A L JL B & R ) 37 K B, K BTSN ) A
HR4 P E A FRE I, KR KGR b 4 9
HEAMRERZBR T — Ffh R A AE K Z R, B 95 &
M, FEE B E AR LA R 5, KRAEKS
AREF o AT P 083, K R BB P 0 R R — A
— R %, R B K ROk, JL R E R P R
9 TR AT HI o

HRSHL

20 42 40 4EA4Q, BT N AE — L RFAEKEE
TR, KRR EEYP XA S MhE R T
DIMESRF B IR . X 8 Fha( BEMe 2. 00 & R . il &
R, XS FEEREAKNARES LK, KA
Vo 75 & M2 (essential amino acid) . J§ ¥ & B, 4H &
MM EAEFLTHR . BYWPATX9 fa i,
EATEAR NG R & ., SHFEAEREAR
AERE . B -FMEACRHRFRER, B—fMK S
PR TEE R JE R . N R B iR N I R BB i A A
PR , W 5 B Fk R A0 2T AE 4= P W] B A7 76 (9 1 0L R A Rk
AREAK,

AE MU TFRAERNEARRIATLEEN
B, &My maARmRmEARRK T LSEA K,
HYEAR(BFHKEARS) SeMo® LR,
BRMEG. AEHEYEARAS 2B L EE R
B LB LR Y | A RIR & )5 & Fh o 7 2 35 ®R A
HAMTE R AR T EMLE, IS T A FME.
fEX 77 R E R E A FEE SR, # i, 78 E K b
Ry, AR EOKRA/INEE ) R A AR T LR
LW EMIE. |

7.1.7  ZEFF G 0K B HE G RK £ S A R
EZLE L 3

JEAE RE Y b S A 8 A RS AT
2§ 1 f BRE Y AR T e 7

BB SR 15 o G 4F IE W {8 R B9 26 0 , 3 a6 51
A 4 F (vitamin) F14 %) BT (mineral ) . 44 R ¥ 2
— 8Ny F AP E Y . XA AW R 2 R B
1A B JEORE , i A 2 2 4 A= 4 07 3 i 7 A Ak 0 ok B, T 2
(AR O 7R P 6 T W B AR P i R (8
H 5 2 hE L2 s sl i s it ), (ELf 2 B 4k B B Br A ik
w3 B, AN W b 3RS . 7R L 4R P 4Rk
Rt T KRBT, A 1S MAEARNSHRE &
RIS RE . BN B L [E i 45 0, (EL AR 25 98 5 AR
i R R

HEA R AT LA S AP — R RK Mg AR R A
HEAER B, AR B, (EERK) HEAR B (HEMEE) .
T AR R R AEER B, MR C 5 —
REMBEWEGEER ARERABEERXRD SAERE
MYEA R K,

AFNRGEAE R RN R ZREFF IR0 . AL



7.1 #3109

x7-2 #HER
YR B 2 3 g Bk = AE
B, (#ilk#) KoKk CHLT By 22 (BEERE TR 7 1 R U 442 1 F) ol g T A RS 2 M 2 ¢
UG O VE R R
B, (B8 %) O BFVE VA VR DK REEE B iR FAD R FMN &4 4 R 43 A% H R %R

HARE (JE sE MR \JE SEmE i)

Ly e NEES

AL VE BRI E K
£

AR LRI E N TN N 357

B, (#illk %) TR BN I~ N - N - 1 G SN
=i

C P i 1% ) AR K SR | i i L A L B AR
BE bR R

AL EEE) B KR GHE b EE AT

D H Wy

E Y R RORE N EF
St EY

K % 0 3%

JEEBE R A A T AR a4
RS

A% T R A R A 38 ) i i

i 3 A 4 LA B 21 40 B 1 JF B, 4
Frip 2 AL SNt B . LURE R RO TE
XEHEEH

JBE IR A R

LT EE M, R BB
Sk

i 2255 ) R oS R R A
U AL B 1 4 AR

i 3 i, ¢ 5 [

C=1: S DINIE $°8 2

Kt B2 (B2 R RS A
k)

B %h 40 Jfa t 2% 1l
AL M

Pt (2F i |
B VBRI O Tk )

WH . LRk

a1 &9\ H o B A E
JULEA 22 T BB 4k % 3X
i HEREAR T

HH o o 95 2 1

P B PR h T A R Z TSR, ETRIR
I (B =Z 4EAEF C) AR (R = 4R B,) B
W (BRZ M) BRSO (B = 44K B,) KB AE
(BR=HEER A) MR (B = AR D) (KT -2),

7.1.8  Z R Py ot i 4k K 5 4K e BR
A A ]

19 224 AATTREEL A IR 20 £ 9 i R T 4R 2 3 4
Bl 5 4 5 LR B 4, U B A A LT . R
17 B B3 JL -+ 4F 5 Rl 4 0 T B M A E 25 R K
AT e A R A 5 9 5 1 R 5 e B £
BHE.

G TE KA 40 AR, R A LR .
BRI 96% , T A 9 4% 1 1k R i L+
FOTRA R, XETERA 21 ML LR ALK
B, A S T T ELTRERE
ffE F

I 1 06 5 6 9 R 5k 2 R 2 T K B R A
X 4 5 o i B AR A KR AR B A T A 60 AL

Yo T X SEH Y, AR IE # D) RE k2 32 BIBH 5 |
51 B o

W BT S5 R T KGR ORI 4 R R T R
TR MAE, LR RTER NS BB R
AMBE, T ERCER IR A BB L RR R LB

(1) #5502 A B A0 OF D ) T S8 0, AR 5 o
HREH — 2o 85 T 4E LA A A 2 60 IE W % A
Y, Z 58k R R, 85 R TR 2 2 b A B RO i
e

A B S R Y RS ALTE AW BB 2 b, H
NS ERAER 1/5, Hik, AW PR
W B 55 o FLAFLEE B S F R, SO S RO, 2 Y
B AP ORUR o B IR BN /0N i R R Sk R o 2 RR R B
7 B 7 it the R B ) EEEEOR R AR T A, 55 0 %
E AT AR D PR BY, A RAR A BRZ 4E4E K DL HD
B b 45 A AR

(2) B BEA L AKMEEN 1%, AE$
85% ~90% KWk LA 8% R #5 1) T2 X UL B T B # F T 1
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o HAREI10% ~15% BB W 53 A 76 B A1 (9 T35 28
o B — U 4N AR R0 2 M B B R, B S
M 2z, MEEARSEFEENREY N
HFEEEBE

(3) 8 BFNER X O 45 240 Bt A 400 Bt S W 2 T8] Y FE
e PEEEEZNEN. #ES5FZHRMEL
&l

MERNLEYRREE (NaCl) , 7277
TaERYZh, Nty b BA s 2, mH
W SEAE., HERVUSEBEARSHA
MR EmE CRERERELRT. BRAHELE
BN FER] 6 g, M/ I 46 B B % IF AR A 02 3 6
8.

(4) Bt AR S RS, RARKEY
0.000 04% MM TEEEK 1%, 70% ~80% Iyl 4E
e R AR b BLJE FOBR R 20 200 4 PR R 3R ) B 2 AR
Gr. HORBRRME ARG ILKAERK SR, 3 REAN
AR R . SRR R P A SRR R AR 2
H B FF PR AR b R B E AR (R B 9 ) o ZR I kAl i AR
BULH SRR 1 & F w2 52 B LG, R KOG
IT 233 2 By AR

W i, A0SR AR NEE U AR S R R
MR IR . TR FE BOAT ML E 7E & ER P At DL R GIE 4 K
J& B FE 4 B9 WBL R, B Ak W sk 2 AE . H& W
Bl Zh a5 B E, EFEREACE A AT
KB

(5) M FWE-FMULTREFRR. HERGEE
AR IE B 5 A0 AN 1E B AR B B BT b G B9 (IR A S 2 1)
BarERE, AUBXH TR KK B SR
B, 251 kT ERR. REA 20 2408 XH
A X o TR X

7.1.9 EHRSPOGTERME) LR
RS E

o BEAE BE (obesity ) , SUFREBEAE , J& B 44 i B2 3 L
i 5 6 — RO 25, — S N B R B S AR fE 10% 36 AN fE
FORS AR . R R 20% UL B AR R R
R 3T 30 Z4F k3 H JE R ARG KF H 23 48 5, i
FEREREE B Wi 2 o o BERE AR R B AR 06 J7 X AE TS
A WE R . FEAETE K FEE AR, TR
Z AR WAYOR, [ B #5858 X B ik
ABYIEARRERRXKET T AEXTERETE. Ik

U5 (B AEAAR A A7 T ok, A T 2 T 1 i , B B BAS R AR
JERINEHE . MBS M ARk FE , o AR — " E
[F) R, o A b 35 5 B S8 B K R A 7S i P SeE AR 3 ik
P I FIOBE PR 9 55 o

W AEH A B 4K R & 35 % ( body mass index, BMI)
Sk i B R IE BE 69 FE B . BMI 2 — A4 54k AR
SEREFEVMEHER. ITHE BMIM AR b ikE
(kg)/[ B (m)* ], BMIFE 18.5 ~24.9 2 [i] Jy fi
BE, KT 25 H/TF 30 FikEMER,FTHKTF 30
9 RE B o

H AT I B A L5 W 0 B R iR Y WIE 5 k.
—HH A KT R L ERAT BN, fE— 5
A RO VAL T ¥ R R W B A B BE R R RS ik &
W LB AU A, X — A T7 IR TR R R R
BSESE, siR e A R ERE R A, B
5 Re B RS o ROt DR B 7E Bk B AE ) B O
T #RAE HIE B0 6 S0, OF IR R G AR TR ST, &
SRBRFETE.

IEAb 3 B A THER R MK B
H B ABCE IR A R B g B, 4> 0 B 2 B
KPR BAE , J5 R

7.1.10  FIE Ja R A% & 5

FER VT R b, i & 8 K e AT B R 8
CERT(EACE RN CREAR) BR4E. h
T A SR IR A A B, iz Sk s g,
BIREFRLH, BB O WAT .m0 E SR
A I L DR S R A B R R T X R
¥ 3| 20 fit 42 60 FFACH A GIREIN K, HAE
AT EREE Z AR KL, £EF LRF
2R AGE B AT A B R RO R . 2R A
Wz 6 W5, R S 2 A AN i U A AR [ R R R R 2 0
B £F 4E 0 3E Ry BB s 20 i R A2 OR R PR AR
TR N T

KERE-ITERBPEZ, & EKNELLTEKRES
FHRES, Bt ATEAFE, 30 ZHERKEL
FAHTRRWER, M FEERR, BE T E8
BREPCIRAS o XA 00T AT %40 S AT 2B 1 R
SEMEUR T — AR R A, A AR 25K
5T AR R, AR A E Y =
HY 3 B, B N IE A M IE B S5 R o TR AT R 12 R i At
AR5 5 0, AR R E 6 B s & AT A C KB



BEH .

HEE RS L RAOTRE & #1045 4 E
HHE TP EERETIE) (1997 4£4 A) (UF
A ARCIE R ) ) ,2007 4F 12 A XAE TH&IT. BiT/5 (38
M) IIENA 10 &

(1) BYZHF, 520 MR,

(2) ZWZER KEMEAR,

(3) BRI GRBHH

(4) WS E & FEAEN;

(5) /MR, CER DS,

(6) AR, KKizzh, (@R E,

(7) =B EAH, TEAEEY,;

(8) BKERUK, & HR LR

(9) WAk 7 PR 4

(10) Wz 37 e 15 3 (224 .

A6 R ) 1 AR 4 3 6 T 0 B 4 K R Iy 45 KB
B B B DA S 0 R A U M S B Y Ok 4 ok R
EEEE" (LEEHRE) .

YRR E Y RPN XA Y P B
Yt YA E A PLR T a0 3E (% IS b7 b
SRR R, WA il 1L B /Ny T A BE A Bh W ik
HIZ ML . FEBRA B 22 a3 HLARAE FE B 08 F0 4k 2% 4
G L 505 R 18T B /NGy T A B 0 AR R R B 4k
(digestion) o i B[ /N 43 1 5 3o 40 At B 6 A 400 L P9 1
i FEFR R UL (absorption)

UMW E LT T B RS, &Y
A Pl aod P 2 A 40 i A A4 90 Ak 1 B0 b 4 b AT
PR Hfd 5 31 4 ( extracellular digestion) ([ 7.2) . 4
un, e s (K8 ) FE AR AT B — ST AL . bk
fih T 6 TR S DAY, RE I A R 0 T T B A 43 00 43 1 £ )
FA T AL , 4 4 4 i T 5 1 40 P JEE 64 767 20403 1 5
1 40 R R A TS BE L0 A0 L, SR B R iz B R v A FF 1
AbHEH A I o i i B Y0 B 40 O S0 8 1k T AR e 4, e
BE | —Se 4 A RE D) E BA SR A KR Y
Mo 2T 18] £ 40 90 53 U0 T AL B, K £ 4 4 A kg VT o ot
B A O JE Y R B 43, 3 B 43 T 5 ok B A 40
R PN, A R A FH 0 5 0 B HE HH A L 2 40 . X B B A
BRELE, GFERA L A HE R — A 4
P REAT B o SR I 1k £ 9 3 2 480 P 38 4K Cin-

7.3 AWHEERELHDE 1N

7.2 KSR ISR AL (f5 B Campbell 4 1996)

tracellular digestion)

RIS Xt Zh YA BB A o P K5 P 3
1, 3h ¥ - RE S5 ICAH T RE 7 I A /N BOBL BT ), X Tk
BEYWTERE R J1. M S 1h 58 T ik R BR o), £ 30
Pral LR R £ 4 K S B, A R 3h 0 A 7E A
K&,

7.3.1 {AE DI UG

N BT AL 2 98 A0 4% 11 & (oral cavity ) . W ( phar-
ynx) B & (esophagus) | B (stomach) , /) % ( small
intestine) , K 7 (large intestine) X B % % % 4> ( &
7.3)0 HALRLG IR L ZE MO (mouth) F] AT |7
(anus) I — R EH, BVHAWHKRSE S HEHE
W BT sl , AR 3h R BB W E L4 B R
N TRT BB /N 43 F, OF oo 40 MR BE A 40 D, FE Bk B %
B 25,

BYWHA LG, B F B 8 45 6 0 0% 0% 3006
BYI R, 3 X R IR (BB AR . H R B LT R ) A E
BBREAKBREADE, SEWEAHREE. &FX
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I/

B7.3 AKMHELRS

HEREHEWT L 2388 HABN.

FEN N EBERETILR MWL, &880
B WERE B R . R VTR A0 T (O R TE B )
A LA i GE MY LA SR . (B TRYAE O KT
15 B IF i) S B A R R 25 o VRO B B AE 1R B
WA RN . BA B [ 7E O 0E g ) 1 o
T & VEM T YA 2B E S, (AN E A
BB IR o

B AE 15 b5 | A IR O A A R, S PR B A A R
B R TE S R M R NGB, BV
Ptk A I S AT UEL ORI, X R B R e S S Sk
¥EYEARERGEY, AT EARRNIEE
— AR T UASHAFERE T LN FH", X
R A R G 0 RS

5t (reflex) J2& 2l ¥y 438 i # 28 28 58 69 16 Bl X —
SE RN AR RV . B R ME RGP R A KT B
o SOSt B — R AR AT o X Fh &
SRR AR ATIN., ERIERZAS EARR WET

W AL R AR MR 2R 5 IR,

7.3.2 &Yyl al S v g m i AE W AR
5 X

FUATE S — R 8. B EVUFARER—
FARS 2 & B o RO B9 WA A 2 T — A+ %
H, EA MR M@ E: — R RS OB E
W, 55— 4 R E o B 68 TE ; TN R A W ARl
H:—FERITEMMN, S —-FWERNRENE. &F
W Bsf 2 250 A 38 (] S8 i R U Y G OE L O D P Y
BRASFTARE(E7.4) X R E 20 R HE
gho HOAAF WS B E — R 5 B9 LA A B P b AH 48
Wi A B 52 Lo 0 R AE A R I O AR U6 E, AR 1T AT T
WA, MA TR I HFALERAE. BIFAA
2 LA W R — b B 0 3, PR O 3R AR A R P Y I
AT T £, LR EFWH A REER,H
EUELE T X R LG, &% 1 W R A
KEEZ A5 K — & B o s, 52848 Wi
ARHE XEARMERES T .

© : (d) .
B 7.4 FEOR R LSk WA 1 B A AR (G F Thews, 1985)

7.3.3 ARSI EUHEANY

1 HP A B A 28 0 A WA O 3 g B R, 22
BB E ) — A 4 R 02 Bl B8 3 (peristalsis ) o 56
SHEREHAN —FKHEE, HEEND KR E
(UL1E 6.8) By J5 A5 3h o X Bl 46 i K £ 4 b B £ A
a5 M7 R (E 7.5) , WX MIEiEsh AR



EEE LM, E NG KA XA IE R E S, A
{ELT 6 58 T8 A7 A0 X RO X032 3l , i A — 28 UL A 21 AR
s EERAXMIEAWE3, mFE, NOgES
HFHAEHART 8~ s aERNEHN,

7.5 BEMEESE (i Eckert,1983)

7.3.4 HAFRVIFHK B RY

TE 1 op 22 0k nE g TR A E W B A 22 AR e
Al B A E . WIEA B R R R A R
—RE-REEEAEED  BRASHRRESG. Wi, &
IS o SR AN B e % A U0 O O o R A b
RIEAEF ¥ BE B o0 i R OUBE (X 25 HE) . HBIEH W
58 AR & RN B BE o, W W GE A g D pHL i A5 1T 2K
I (8 UL 0 floms 4 2R 05 v 4 0 BE BE R oy
fEIER) o KA 70% B 3E B 2 7 B 8 i o U
Hor g T 9 8t 4

BYHEAE S, EEHZH I 50 ~60 mL
MARTKBILTEZANER. BRI KUK THE
TR b B RS2 A% (20 RO AR Sh 3 9R . 18 A0 3 A
A 1) T A RS R 0 B i 1] A e o #) Wi 4
(E7.6)

0 R A 8 3 I o ) R A 03 0 1B R E A B
FE o B FR R BE 40 I ) 1 P o> W HCL T 55 —
WAME EgME, W EEr R EEARE. BE
IR 22 B Wb i HCL i 38005 22 18 28 1, 8 PR
H H I R K

H T ) 85 Bl T8 1 A 1T A O 0T [ k4 ) B
DA — A5 3h 3 R REH JLZ T R BE B e 1 A+
A5, R R BV B BT B . XERBKE K
Hish HEER LZ T B ST A+ 4, (R BERETE

7.3 ARG RHE 118

-

s/

B7.6 BHEES(HA Luciano,1978)

NGB IE AL, BYTER N AR E R 3 ~
4 ho QIRBA H KA 68 R Y OF 5 0 1 BEEA /N
BRI 2K BEREY R R EE SN, A BES /N g 7E 5
HAARMRE, 2 EERARNER. £H VB
Ko EHOIBRE NS, R R LT H
BEEHEA+ 48 H R AR5 R B 5 R

HEHED - PEEEM M2 BART. ARF
2 BRI . BRANIR T AR B, AR
REBE W e, M 4E A= R B XML HMEERELH W . ©
ATFERF R ORBRIAF . R UIBR B B ATEE I N A 2
BLGAE B MAE , (B2 78 F AR ILAE Z )5 H BLIH

WA Ly J5i A T PN R SR 7

K F BB E R ) 22 ORI W DE b
8 E 7™ A B BURE R AS RE B i, {EL 18 RE R WG
Wio 2R, WO AR A 5 8 8 Wl A Il TR
o P BRI A S B

7.3.5 Ak VE T 9% A b d )RR EE B 5
R 1
TH AL 35t 35 ( peptic ulcer) 045 8 Bt iz M1+ — 48

Bt i —FE LB ERERER K. &H K
AR+ AR R LE KA, BRI E AND



114 7 EFES5HEK

At &4  BE Pt A &4 (WE6.8) ., iE—
A28 DA K BR 2 A R B el B WA T AR PR A 51
EHEERG. ENREEFSRSWSZ, BT
43 W6 Y B O B OR3P R B LA K AR B W b
HRRMEE .

1979 4F 6 F , 8 K F 75 3 2% Z K A& (John Robin
Warren, 1937— ) fli SR I\ — 748t B 42 28 35 10 B 52 2 A
Yl R v R BT — Tl R E TR 4 BRRT b o A Ay 3 Fol 4 R
ReTfe S H RA K. 1981 4 4E 4% B A4 T 8RR ( Barry
James Marshall ,1951—) 1K A& & EWF 55, i1 M 100
A7 [5] 26 28 5 10 B R v vh R BIS8 1 A X A BT A T
BUBRAR 0 [V RAT I . A 40— A B A AR
EEMEARK, E¥HRANLREAEZIRME MG EHUR
P2 B 1 T TR AT TR 5 R 5 g 1 W A

P JLAE R, [ B BE 25 53 X) 1 ] S8 AT o AT T K i
FIRIFIT , o BE P SRR SRR B, U067 1] 48
FF o8 B 8% e 5 00 b M 18t 9% 25 DD AR o6, AT 4836 97 Bt %
9ok P14 S T R B 2 Dy AR R I 1) MR AT B B SRR e . 2005
SRS BROR HIRAE AR T /R AR B AE i BE 2 4

7.3.6 /DRI Y S W BE R R
ER -3 3

INHEKS ~T m, R+ . =B B =5
4y, TR, BA 20 ~25 cm, 23 g #[E i 4 5
Yy K 2/5 1 3/5, /NIRRT BRI
.

1. R HFEB @ /NG 43 b 3

PR £ BE B [T HE A+ 38 B k2 R 3 B
5|2 R AR ( pancreas ) 43 34 K B (1) BRI . JBR MR & A TR R
A5k AN JE PR B BB ERR , E/N S N8R
BE A8 gt (o 45 b BT A B R VR

JBE Y & AT 2o T T AL, LA S B IR AR 1 B
HACEERIPER T 20 (R 7 -3) . JF (liver) 43 3 i) I
1 (bile) H i IHEL 2 5 g 17 64 K % o

®7-3 BHELENER

1M fL Al HRE SR
Jige E 6 UE B e 2N
B g 15 i 197 i 197 2 H i
i 11 il HE T Z K /MK VR R
8 DNA fif§ JiE RNA fif§ DNA .RNA A
JIEL I g N B B BEAE B A SRR

2. INEHEMEFEXERN TRINELSRK

N RE A — MR G EIE 3, FR N 4152 3l (seg-
mentation) , 43717 32 Bl J& 7E [F] — i) 6] 9 i 4 ) £ Ak 34
17 WU 4s ¥ 1 T B B BE S U 2 /NBr . B ROk
W4 Ak ) FR AT HILET 5K , T B A £F gk AL 4 PR AT LM 48 , L
B — 2 /NB, kR E AT, iR EES
R ATIRE, SHEE ZEM, A/ TEYHHLS
W (B 7.7)

7.7 /NHESATIES) (fi A Luciano,1978)

NGWAEEES) ., WSS R EE L /NG . i Eh
WLLO0.5~2.0 em/s fY 3 BE [ AT 1] 356 47 2, — it — 4>
EEEh AT LR R T . Wk, BB/ NG R
B, EHESEA 1 cm, SN KB E
BILAS /NG o /N 9 855 3 B R UK £ BE H#E 1) K i, i
HEEERSTS/NaFREM AR TERZNHEL.
W, HeAh B — R AT AR AT R K K
W% Bh , BRI Bh vl N BN R AE 37 B A W Ak Y
Jo B 5 2 0 S R S5 R R B vh BT DAHR O o
o 3 P B 0 S HE R /N

3. NGEENEBHREMENTRKEFRE

NGRFEAE PR EE R R EERBUES S

CH. ERTF TR, AL R,

i 45 ¥ 9 5 Rl 3 b S R i A R T A —
/NGB AT RS (B 7. 8a) 5 — R EIE ALY 1R
RER,FRAHEE(villi) (E 7.8b.c) ; =RHE LA
AR b B2 0 i T 1) B ) — i 40 2R A, T RAR £ Y
B TE (microvilli) (K 7.9) , X 3 B4 44 /N 0



(c)

o 3L B

7.8 /NG (45 B Moog,1981)

Wi TR EE /N A B 9 R TRTRE K 600 £

4. BRI AE AL FIR Y

) v B 20 0 I OUURE A5 1B U ) I /K A 1A SR
TE/N R L B 4 B PR B LB, BB O3 1K
SETRRE IR Bk Esh R aE kA b B4

BY T EA A FREE /NG B
e . B E R R E RO R R gy T 2
ko FE/NrhBRE FIEE BREEFLE ARG (BEE A AR |
RIKEOMEAZT  EORHE L0, = E/NoT
Z KA R, B R /N1 2 KB/ L B
i 53 B F) JOAC T 20 A 0 R o R R R AE /D i
HY B R A0 LI B SR A bR

7.3 AWk RGERIhE 115

20 L mpams

B 7.9 /NAEHR L E A0 LR (65 8 Moog,1981)

240 M Y o

B b 9 i s 3 2R A /N B 22 18R A I A ) 1
1M 7K A% B o i 1 98 AL B 58 — A5 2 7E BRI ob i B 26
FF B AR s 17 B4 2 T 5K 0, B2 0 B 21 iz Bl
11555 005 i I 958 0 HCRSG B o 3K R A K ML 3 i T i
o 8 4 A 3 TR AR IR AR M R E 68 FE o K A A
R, ¥ B W7 A% O g 107 BR A Wk o i R A0 BRI H
TR 55 7 T 1 B 40 S 5 B WY IR B ALy 1 2 O 9 K
BIAAML N o R, B BRI AL 2 R R X ) Rl
YRS A A R Y

K MR BB 98 B B o WR i B v B T R
AR AE 3% T 14 95 L, D) KL P ) K B R Wl n SR
R B T R 1 1B O TR R, WU UK oy ¥ 2 ol i BE 1)
BEh R o 2 1 s v R BE A I I T ) 1 B BE TR I
J& i N B O R B R R, th T8 B TR ) 22
A K 1) i BE L. TR e OK 7E B A PR 1 B I R
F14 5 IR AL T 2 A A PR Y

7.3.7 KW Wk 2% b L o SR JF HE
Hy 2

/AN B B 22 e T 14 5 W S A

K Tl R 9 T R R B Ak 2 A U AN

%o & 7.10 PR, 2 W T B 60 10 AR AL 25U 58
3E P X — B . I B E R REARL 50 ~ 60 em KA
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GIR=E O =
Bl HE 4 i 0

CIRE SN =

7.10 (5] MR AE Y (5] LSOk 2%, 1981)

BB m ( NE B /NG ) FE T o

Kt FH 458 K45 B (K% 45 1 . 2R 45 B An B
L. 454 2 T RE : £ BE v I K AN 4% i e £
JT s W AFZEAE Y T, RN E TR HE S o 7K 0 H £ SR A4 T
WA FRE BT B TR B RE R
o TESHE E R BA KB KB HME, 55 =R K7
FIog. XEeYpinl P44 % K 44K B, 4k R
B, (MilkE) 44K B, (BEZER) FY LUKk,
Hpd AR KRN EZE WAV EE Y EN & RK
A N B A B P A M AR K DAEREIE W Y
Ifin Y % [

KA 500 ~1 500 mL ()38 59 M/ g i A
KMo 7K F1 e 5T B W i S (X 38 200 mL &9 4 A
K HEH o E 5 HE 0 6 thoK 54 5 374, [E 1K
YWY S 1/4, EKY R 2 70% B A GEH 1L
/05RO R R A RSN R N 1 S I
F;N30% EMH . FENIKEZERHMHEGIE
AN R TE BT AEFREMFETN
'Y,

KBAEEMNG T iEshIREHEEZESh, A M
BB R S i A g Hh 0 ) 5 3 435 K M B R fik | e op
B4 7K 43 01 B FiFE SO 2 7 4 TR ML o

Kk A7 — R 4 A1 32 3)) ( mass movement ) , il H
TERRSS B MRS I KR A — BE K 2 20 em AOWRHR . 7E3X

¥ 1B PN R 2 P 4 i RO HE e IS i . M 4E
Wiz g 8 — B 3 08 e A E B i, {8 2 72 4 B HE0E 0
JEBE

HEQE t 2 —Fh ST TE 3h o 24 B A2 5 ) s AT 5]
K o FU 1) % 3h B, R 1 FR GG B L 2R &5 T AN L W 4

RLTIAME 2 WUEF 5K , K S HE .

HHESI YL R G R HEA LS M A9 . (H i
TR EYAR, EMNNHEALRELAEREER,
— el U, T A R GE 0 45 4 5 T BB AR AE N T B3 i
BY. B, EF YR EAE WK ES 5 kKR
KB TENSIHILE . b THYEESY S
A LT 4E 2K F AR 20 B BE L P 2K B A AL, R
Sh ) 9 A TR — e, ] LR 4 R K A 9 b 1% i
FIRY RF [0 10 BB K f4 5 A 7 5 o TR o Bl A [ — b 3
Yo, 16 BB U I T A B YK th 4 O b g
AR, HEERLR —ANUE . T ek E e R
A AT AR AF B T R U R A R . R N 1
KES B EREBH LR T HF W E KES &4k
PRAR e, 3R ply T 2 R i A B A ) B A
oAt 8 43 Lo 1 B A R, o A 7 b 0 L
M 5 A SR Z AR X R/

WAV AREHE T ER  BFZEH I Y
(S MER) 72 & B F1 K 1 o 25 J5 2 3 1k £F 4k 3 () 40
A AR AR ), 3 SO A ) BB A 4F 4 R 55 Ak Ok SR A
BIRER, — WK FE 1 BT, R 43 W A 26 (E
HiE R o

iy L 3l 4y v B — 0 0 £ Bl ) A Ak R bk B
TRA" e, ey BMEHEERATH, LF K
SRE R IRIE A MEMILES, ZHR AWMLY
(ruminant mammals) A 4 48 BIEE MNEH & E A
BHET.11), 1373 B E B, 4% 5w

E7.11

K220 8 (15 11 Raven,1999)



BEE 17

B, RAashire i, Mt poR e KR EZE R A B XSS A Y 4 I R BE B AP A B A
B KRB AR X SR E R HBHEYEREIX H.hR&as A S HARETHE. XER45)
Ml O AFHMAEEEEAETHN. BEAFEERE PAIURERAIW (DR D) NERFRBELZH
A AR AE A Y . XY T LU R R N EREMNGER,

= Y S

7.
8.
9.

Kk &AWL E R R

B skh A A MR IR K7

B & AR ARG

fralk =" e, At afm®?

AT By A B TE IR R 5 T L 12 0 ST W 4 Ji I 7

A nl LIE AN O EFEERENRERH TRENS M BB, A2 .0 w 5| 1 hsh i
iR W7

A4 BB B BE A S

A5 1 A A bk 6 4 2

WP s 5 3% 3 AT LATE B 7

10. U/ 1 e B P B AR A .
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EZ)

8.1 AMz¥iENEHKE
i 7K

8.2 IMMWMILH 5 TfE

8.3  WHZFLBY A0 BE I R
4t

BRI IERANER T A KRR K, S (ABES)
BABAGES R EA WA 5" ARKME " H
S, AR BT Ok 5 N R KA, T HL B AR Y
KL Nk E Z—56, AES ARN KR NEE
() 60% Ay, UAF L AR & KB AR ER S0% £
Fio AR E K B 22 B I 3R AR I, A — R

A 4k ( William Harvey,1578—1657)
JeE B4, T 1628 4 & B 1 06 2R, i
RTERAEYFNITFRIE

A 3% 8 BR (circulation) 2 4§ o & f£ A o fe B R A R T LK AEIRIA S
R AAELGERADA A BECHER MR 505 FFIHEE
E—RGERFRIIAGER, B, bR BRINKRESH AL —,
R EIRAIE R AR TR AR, ChETAANERLATALRER KH

AILEKENEERN 79% . H A& F 3Pk N e &
KEHBRE. KMSAMSYEEXEE, BA KT
A A B A i 1 B B 1F 22 I P R 7E K T W
T8 .

AEW K K 2 26 & 7€ 8 Y MO i ot
B ROKEA SR, BA — /N KRR FER N A
=AM . BUAE N8 K F B8 EC 2 000 ~3 000 mL )
Ko HPWEIK 3 E5E o BRHEEW B TS5 2 HE
HMEE., EEEHLT, AMERKOEARSHEHE &
EMEN,



1A P9 LAZK A by 5 ik ) W44 B R 4R W (body fluid ) o
AP 5 A 45 oG B AR T b i B AL S DA
AR =4 o PRV BT AE B 5L 43 A 48 A R (intracel-
lular fluid) F11 40 ifg #p #& ( extracellular fluid) .,

20 P YR TS A A P R, 24 5 K E R 40%
(BH)M30% (&), WMEIMRATEFAETHLEB S
() 41 41K (interstitial fluid ) FAF7E T I8 K BB 5 E
PR A PR VB I 3 ( plasma ) AR EL (lymph) 55, 4141
WL RER 16% N LK ER 4% (B 8.1),

f
© *‘“g V He
.

O%Qﬂlm’ﬁ‘c—_/_—) Q g
e e

1R 4346 ({5 @ Bell  1980)

E8.1

B2 A Ml Zh ¥ (oK) ANl RE B3k S5
B R PR HE b, BT TS B R W0 AR H R A b AR R
BB AR ERAERISNRAE P L A
R 2 £ I 3h W B 4 K 20 B0 I OF A REE
He 15 40 0 PR B HE i, B T B A B 5 R R 40 A
W, H RS, HAVRSTE T 4 S A i (A
4 [0 B2, SR 200 D ) VR . 4 i o 4 A B 5
SV AT Y B A B 5 i 55 — T A 2 O00E A
i BE 5 0l 5 HE AT W) PR A o i 3K 7E 2 B P
AW sh, fE B R B F AR E S S
FEATY A

i 782 % phy o 20 L A 3% AE i R v
DAL

i R e i 3R TR B A I 4 M A BB, B R & 7
T F) AR A .

AFE S B 89 il BA7 e T 0 i RGP, gk
U 4 8 3 T 4 3l , S W7 st A A N il B R R IR IR w3

8.2.1

8.2 MWL SIIAE 119

LA 440 i 1] B2 £ 40 200 R R A 5 A M R AT ) B A R
P BT AT LA B 3 51 19 1 8P A 2 40 (£ 40
M AR ) o B0 A S, A A E DT B R A,
1t 78 43 B IAL 5 A R 43 (40 M AR A3 ) PR 4

1. Mm%

N 1 3R 2 IR B B WA, 24 o I AR B 53%
(5B)ak 58% (%) , K K2 di 92% , & H % TKH
A R BT AR A . I 3R R AR T R
XA AL RIR AW KRR S BERR
THARBER —ENE . TERIRR 37°C R, AR LK B
#EH R 770 kPa, B 7.6 A~ KR FE 5k 5 776 mmHg
(1 mmHg =133.322 Pa,1 mmH,0 =9.806 65 Pa,l K
R =101 325 Pa) . Ifil 3K & & JE ) 46 K9 5y ok A #
iR L ob B0 AR W R R R AR, R K R A
YL B8 B EFR D R B B IR . WAEY R LA
B 38 ik 6 4 1A RE PR O I R RN 4H AU = [R] Y A R B
&R B 5P

MFEHHBEEYREMKEN, TEH 6% ~8%.,
100 mL Ifil {29 & MK EE 4 go X LMK E AP
RRHE & EAR /D, R b 38 & AR — 5, 2
3.3 kPa(25 mmHg) , Ff 0 G AR B & TR, AR B 3 K B
SRAR/IN B e T il 3 2 S AR 8 o B 40 ol RE , DRI Ot X
T E NI K A EEREM. RMmKEAE
RFIEFE, 0 EHNKRBEERTLEIGEERE, K
S8 2> 1 i AR RS A BRFE K, T RRUK b . 1
BERAR, EHREBARAR E2H KM,

MFEEAPEEFIFMEAT:O© FHA, HXT
S FIEEZ R 67 000, MK HAEH 4% Af . HEATE
3 FE AP FREERE B FREZ,MES
B, 80% Wil KEAEBEERHE™EN. @ BRE
F , A %4> F B 4 50 000 ~3 000 000, I3 H & 2% 72
f, 05 o, BRER BEREAS yREH., REASHE
S ) I 3 B BRI BB K. @ HFHEE A
JEL, A X 43 F & R 340 000, 1 3 42 5 0.2% ~ 0.
4% , £F 45 P 3 B A v P R AR .

BEAE , a3 H o A — 26 At W IR, 4 A AR R
BORKIED B OMEULARE KRS, EFE
i, A 100 mL A 94 IfiL v 3 %9 8 59 & 9 100 mg,

2. I i & 48 BE AL 5

i 8388 e 8 0 20 9 T LA 3 B L 3R RN A T B A3 R
gre ATE R ] 43 O b JE B9 F 4 M (white blood
cell, leukocyte ) il fiL /N4 ( platelet) , DA B F /2 B 21 41 g
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(red blood cell, erythrocyte ) , J¥ 4F % F B9 £ 40 g &
40% ~50% , LAF 4 F M 20 4 i 5 35% ~ 45% (&
8.2),

8.2 LI4NMEEr HER (DA Junqueira,1980)

iG55 4 HE 2 W) 1 20 40 B = A 40 A Y, BN
FL 8 ¥y B £ 40 M 75 A 0 o R v Ok 5 T AN B A L UK
B NN AP AN D T LN 5 2 R A NN O R4 TR
— AN BT 6 B DF , J8) o )RR T b ] SR X B R A R
7 pm, FHEL 2 pm, FEEL | pm (] 8.3) . ZL4
i 4 4 2 % A7 IMLZL 8 1 (hemoglobin, Hb) |, of 48 fiid 4
B 13, MLAKEADFTHE, T SELE. L4
wh o — e EE W) R kR T G, B A B T AR AR Y
B YRR EE IR R s A A k. B
TE AR AN A /AT ) T SRR Sk Tk S o 4 i

o E AR Y I L0 40 M BOCh 45 T W (4.0 ~
5.5) x 10”4~ ; AR 4 F 48 Fh i WP 04 20 40 i Bk
(3.5~5.0) x 10”4, B LA L A £ 40 Mo B e A
WA B JLEAR(5.1~6.6) x1074,

A 1) F 40 T LA AR 8 40 S5 P A TG ORE 43 SR
7 201 Y 1 TG 0B 40 (PR 8. 3) . UL 4 i r 42 B R
X ki 5 RE, AT 43 SR o KL 4 B ( neutrophil ) |
i 4 7 40 i ( eosinophil ) 1 ¥ B $4: r 4 M2 ( basophil )
TG UKL i T 43 A7 ik EL 4 S ( lymphocyte ) H18 4% 40 i)
(monocyte) o 401 Ml i & 2 D) 2 AR ALK, K41 4
A RRZE UL 11 55) o T [ e FE ) AR N 45

E)
Y]
i /N B

B 8.3 ifiL 41 ffd ({5 &1 Sherman,1989)

FHif b & 40K (4.0 ~10.0) x10° 4~ Hoop bk
PN 5 50% ~T70% , kB 40 il 5 20% ~40% , B
WM 1% ~T% ,FERRYER A G 1% ~4% , W B 1
P 0 ~1% .

M/ FELT AR ML/, BAR 2 3 pm  B0IE , W& IF £
POk, MmM/MRERTEBEAMEZAR, -1 E&
2 Hfg BB, B B 0 TR 4 2 R LT AN 3 RL IR RO
ML/ o PR I /I B A A0 A%, SEBR AR R e R
40, T = A 40 A0 B R ) B o B LA B ST
TR S L B M, BT LB A T A R . Bl
A NI i /N R G 8R4 R (100 ~ 300) x 10°
Ao /R 32 EAE BE I b &R AR

8.2.2 kA iBE AP I Ak &R PLAK &%
#4311

H1 0 R A 7 3, WA O L R G R R AR AT,
o o, ¥ AP B B A5 R LB 2 W B, o A B 4 B AE
AR 85 B P A BRI, A B BCHERR o i WGE 2K R
B R0 W AT 5308 PR 2« B — 2 A AR SR I i ) A
W B, b A T A RO B SR R S A
Bl CEEERE IR K AL ER AR A R LA K b il BT 0%
T S o 3 6 gy SR A 2 A T AR A T 6 i B
i YA PR 3z 26 B 4 By 4% 43, 00 00 48 2% Al 4 I O A



B R AN AR A, AT Ay R . K R
AR BT 7™ A2 W B, I — B AL PR 2%, I WS 3%
BP0 A% B B HEHE 25 B HE A AL ;R EME, R
6 40 i 52 BT 7 4 LA A R A B ) TR
MBEEEBENTEHMEAR BT Rkt —&
AL o BRIt , il 3 7E A K P A 35 3 R B R LA
BB DIRERVE A o I 15 A P 4% b 2R 4 19 4% 38 A0
REMA BN XR,
8.2.3 —IX#ki 200 ~300 mL 4 2%
Wi L K it bl

AR bR R ER, SEEN 7% ~8% ,
4~ 60 kg (KT ) B F# 1l & K 4 200 ~4 800 mL, f15
Kt 10% , B 400 ~ 500 mL, ¥ % 51200 I 1% h fnbe i
et , I O AR I R B e BRI B 8 Bk A o B
R Ak i R S 1] 95, BT ok %of 40 B o 4 ol 4R Y A B B Y
. FERIMJG 1 ~2 h P, I35 ob (4 7K 43 0 e 8 5 iy
HLRBAMAE TR T, MR UIKE, B — K
ZeA s MK TP B 2R AT AR A2, 33 R T AE 4k il S ek
B ARSI T AT — A A A
AA BRI . SEPRIEA R B, —4 50 ~60 kefh & i %
N, — WAl ifit 200 ~300 mL, 1L % H #4921 40 M 7E — 4~ A
AT ELSE K &, 55 2 F 0T 48 3 b it 5 B K F L i B
H1 T 2% I 36 AR R L, 51 AR B R A MR 4 0 B A R
(erythropoietin) 3 £ , Jill 2 4T 40 My 4= IR B9 % dk . i F
N AABE B2 B #b 70 BT 451 2 B4 1 98 , T L felt e £ 1 4F A —
BRI 200 ~ 300 mL A2 5% SR RE . %2 T & 4
I, 2% Lk Ak 4 i 20% L b, BOR B ALK
R 8115 AR Ty B Sk 4 5 1E 3 0 1 R K F 62 B
— AR B RAE AR | 2 200 R BOUA I H e, 6356 By 1l 25

8.2.4 L 4% Wk $5% o i 3 E 1N aT LA b g

MH LU B 05, i M I R S L4 b ik
VAR 2 ol O 2 AR A 33 {8 2 I 9% #E [ ( blood coagula-
tion ) o XA ey IfiL B A A i Bk, K29 7E 30 min S5 FFAG
(145,18 ~24 h 52 ) 81 45 . [0] 45 ik A ifn e v 5% 1 0
PRFR o I3 (serum ) i 375 01 i 352 (9 1 590 2 1f 3% o [
ETHBREAEMOREK S 58 M 69 3% % A, 8em
1IN AR B R )

M BERE RS R, FLHE 58N
A, BRI R AT R F .

8.2 IMKMLH S5 121

OE 1f R JE——— U5 .
TR B HEER A —— i B

F 4k 3 J5UR — AT M B FPR 2R T, M4
FR L2 340 000, th iF =4, 2 % A7 4 Tl b, 7E8E Il
ROV PR, 27 4 28 11 S5 U 138 0 0 690 48 06 6 /N A
ZIR BN AR AR, VR 2 2 4 5 N 1 R AT
He T, AT 43R T AR, 0 i 8N YR A A R
(F8.4) ., i TEFYEEE 1 IR 2 % A7 06 F I b | 46 1F 3
MO, M A GE & A B AT . 0 P Uk N5 A
FFIT 7= A G R O ot il 5 A I S 0 Y
PR 28 B I G . 5 o S 0 SR JE A T IR
T . O D 0 R A O A 1 O o S S
B — ARG . ik A R X R R
N BEEZEAC KB 12 FEE K8 M E T2 5% i
B, X BN TR MG Y DR F e s, IRl
T2 5 DR 75 2330 — 3 R 2 B0 S o 0 55— A 2 g W
IS P T G B I PR 5 9 003 B I P B kR T
A 5 450 403 BT A B2 T D T 3, ok 38K 0 A T
PE R BE L P, 51 T8 i F 3% R

B 8.4 ZFA:EE 1 N T LT A0 M (45 1 Singer,1978)

R 68 1fn 9% 5E 11 14 4% ol B o PR F 0 4 7E T L R
o, LA AR LA AR A B I S SR T I
AV T A W B P B 8 05 0 S R o 0 L 2
I — R N A o R T L PR A
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22 X LB I £ 00 ) BR R TR R AR A X RN B R Y
BE 1LV ) 32 B A RO A

8.2.5 K M IM) 2 25 i %Y A £F

I WA B AR FRAE T, 2R IS BB A RE 1] 0 I
ZR 450 i 2% At A B I R DA R FE AR 25 0 I R WE 7 ik e R
B K HE A 3 W 1 IV K 4R R AR 8 55 — s A B
ffak HA R 2 ERZ NS WRT . kKRN, s)
Wy B4 I A B [R) A rr EC At 3 ) ) 41 N Y B AR O
I, 33X 8 A2 1 B A7 1 B W e T R A
FEEHEN FAAREN S MEMB TR, X
A [ b At A 44 Y it 3 B, A B T (34 A7 B VR AE I
WP £ A0 SR R R AT, X 2 BE 4E (agglutination )
(B 8.5) 3 Ff 21 40 Jfa 1) B 4R L 2 — Fb %o 9% I B,
1901 4F % 75 8 44 ( karl Landsteiner,1868—1943) R
PR 40 0 5 M N 0 LV IR & J5 A B & AR BEAE T
HRIAREBENIE, KRN MBE P FESEARF
i) 1fiL %4 ( blood group) o 3X— & BH {1 4 1fil B Ry % 4= Y B=
T A T A2 N o
FEN /) 21 90 Ml b A7 B 4 I (agglutinogen) (4T
P 1. 7%
A

i il P il i BY
B Rh

O X RhPH ¥

AFIRh A

B &I Rh A %

AB® Rh A #

B 8.5 Hafrifi BTk (1 B Mader,1995) #3242 1l W
A ABL A ML BT B E BT Rh U P, R RS B BER
B, A LA 43 A () i 1 B

J) 3 by 3 ek TR £ 40 B R L R AR 1 ROBE AR T
o TEILTE A BEE K (agglutinin) (FLIK) o 2 18
% 291 ¥ B LT 40 MM A 0 3 P B4R MRS BEE R B R FD K
MBI H 4 Fp EZRR(ES-1),

®£8-1 m#E
ifi % 21 441 i 05 4 S IV B
o’ .k i AL B
AR A #i B
B % B A
AB # AB x

I7) it 789 p N 22 () PR O R O AR S R AR R
AHIE, AT DL E ARSI . O 7Y i b & A BE LR, o] LA 4
HoAth 3 Ao 2 N i, AB AL v A BEAE R,
AT RLHE R HoA 3 Ab B i A L. T O A B 3 Fh
it 79 69 I 3 RS A BESE R (HLAR) LA HT A B 41 40 i
e A B BE S R (B IR , WK O B LSk i JE A i
R py i A A2 o A I VR TR R £ 4 M e 4R R
FEER RN . BRI, A i T e 20 2 4 i A 32
i 3 A Y, 7 A At A 21 40 M BB R A2 i A
IV T BE AR o AT I Y B T kR K 32 AR A B I VR A3
AL A FIHL B % E M PR A S BB
TUERGHABEEAR (WA 8.5), A i %y
BESETEOL R 8 -2 iR,

®8-2 HMERM

ST RS
K Y 1 A
Bt A I bt B Il
- + B
+ - A
= = 0
+ + AB

8.2.6 Rh P~ A& & i i ik Wi v ity o 2
ZES

ZIEMER N LB 4 Rl B, FR o8 ABO Il B R 4t
(ABO blood group) , ETHER T H il EE K k. (B
JERAB,FEIE W WL M Eib A b, RE
TE ST Bk (rhesus ) B 21 40 Ja B K B I 9 2 7 A= o ik,
XFHUAEFR 0 B Rh BEGE R, 7T LU BR AR 64 21 20 Ffg 5



B, RE S AR A A K LT 40 i BE SR , PR SRR AR AR
WA ANKL M B X KBRS R fFEH A
t,85% B NI 40 | 77 7€ Rh [, 540 Rh 1L & &
G kAR RN, x4 A& Rh [HYE(RR ) 15%
B BIZ A 5 BT Rh i35 B & A & 4 B85 L, X
s6 A& Rh BA¥E(Rh ™) o 3R E BURK F R &R 43 2 B R ik
1 99% M AN L4 &4 Rh B+, 2 Rh fHHE, R A
1% N J2 Rh (4, (B4 s/ 5 R E S, Rh B A
BL MEHN 12.3% WK IGE R 8. 7% , BB IR
15.8% , 54 B 5% R 8.7% . i, HBH#E Rh HF 1
A IRl LAIX 4> Rh BHAE AT Rh B4 79 b i B, 5 Fof il Y
Z YRR Rh i % & 48 (Rh blood group) .

KEHAWL M L&A Rh A+, 2 Rh A,
M & A $t Rh LK, B2 Rh [ H:# 0 RaE d
A Rh 5, Mg b st ST Rh BEE R,
XA AN — K A Rh PH & 69 w8 &k A4
BEAE RN, B M E . Fr LAFEIG IR 45 B 3 3 & i,
B R (] — it ot 3t 0 A 3 SO ik 5, DL S il T
Rh [l RAEL A KA ESM R, MR R AN ELS
Rh FHYE R B 4505, th T Rh 02 B8, i LR
& Rh fHM:. Rh FHMEM LA 400 # Rh K72k
P T 3 e J R A A B A O VR, 4% BR 4K P A4 BT Rh B
%, P Rh BEE K & R &3 AR ILIEH, @ik
JL A 21 40 i 8 4 Bk 3R, axX AT A 8O L™ E AR i,
BT, XA E MG ILR MLAE A R AR R,
DAl Ay E 36 — iR 43 e 5 i 4 N8 43 8, 5 LR IRt , —
4y B LA I W B A B ARG 36, ff B 4K 7 4R BT Rh BE4E
EHERTE R EENE R, XA H T il
WhE BAP Rh BEER, R B A Rh FHAEE L
Wt S YN B AR, R AT E A R .

BAECEHBEENNLILAMAEFESE LR
JR R P R AR R T PR - iR R N . AR T
OAB HiJE R4 M Rh R4 LAAh, HoAth 5 B 1R 2 5] i
S Sz N, (H B A HE E AR ESE AR X,

8.3.1 MLk AE AWMk 4E & &b 5
ik Zh

TERFHE BN K P, I V0 BR L 7E BB 0 I B
Geh AT . XA B G 1S — A 5 I B I (i )

8.3 WFLZYRCREME RE 123

M AHES MM L) . AWM H
A0 B (R A0 P 0 it 478 B4 ), 0 2 R U T 0 i, 3L [l
B0 . A F 0 FL B0 BE R A T s LA 2R
B PR AR bR D IR Sy o O\ B RO B
el A T A R BR SORE X P AR 43 43 SR ol B AL E
(FE8.6), /LA 5 2= Mo W 4 8 1 M B th 25, 1 R A
0 F P 2t i ] 2 22 0 B 3X 2 il 6 24 ( pulmona-
ry circulation, XFR/NEH ) o I 2200 BB HEA &0
B, HHACERN, & &8 EHL BB A5,
X EAKRTE IR (systemic circulation, X FR K ) il
WAL EHAGOLERAE, SOFR T 55— RETER,
FEX P PEER A, DO U 6 2% 1 W 25 A B JE R R 3
Jk , A it 38 it 2 2 2% i ek 10 R 9 A R Oy R K
TERPERA b, L JIE &t B K 3 Bk PR o £ 3 bk, A 3
Jok F- 4 t Bh Bk B & 2% B A ZH 2L, h Bk o b B Bk
(arteriole) , i bk & BE (4245 T30 20 ok i & BE ) &2 i 9
B 40 M AL R J2 N 45 4 A1 )2 Bir AR, BRL OB o
183K & R RO RE 3 o Zh Ik BE S A ZUsc 4 . T3 Bk
PR E KRR EE, R BHMmE. €4
A8 R R N R A R AR, TR R A S o, 1
L L2 18] B ) I A2 e 0l o B 40 L AT . B
0 1fiL B S B R BK (venule) | #E— 20 PRIC & B K .
M [B] 4 48 B A4 20K 1 8 KT 6 R 2% K iR Bk, ok

k- frs i Ik

e %

= 1)

B 8.6 ALY A BE L s WSS
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Jii e ok

A Bl I AR R
A
HLE

JFFEI PR AT =

JFF IRl

b
EE

ELREE CEE

JE AR PR AT 2R

Jo YA R

SR E93hfk

I AE R

B 8.7 A 1 2 B f# ({55 (1 Mason,1987)

A LSRR LK, R AT 5 B RO T
fk o b T KR B A B o TR B LR AN i
WA &, e i sl ok , 5 0 422 79 A0 i b 4 3l
Bk B 40 i, I S B i K R 5 8 B & D B
(P 8.7) Ze 2 AIA 03 76— A I (8] A2 1 ) Ak
iR :

A2 i A AR G R R — A5 1 g i
AEGYE? XRFAOMERE A - ERE, X T
PRUEM B A ERRE EZNEMH. EHLOESALE
ZHARBEER(ZRR)  ELLHESECEZEA
B (R R E W AL = 5 3 bk
Z (8145 fii 3 Jok o , 76 260 % 5 ESh Bk Z 64 3 3 ko,
GERREH M. X SR IR BE A O 5 A0 W 4E BET 5K T S T

SO, BE Ak i v B 0 (1] 8. 8) o ALk B L I R
JEE P AN 2, 22 AT 40 i W B0 AL . A JEL K b L A
JE A1 T L 1k it A

8.3.2 LMK M B h KA O N
i) $§ 2h

i ¥ 98 B B9 Bl 3 R A R W o e WA 4
A B PR 7 3l ot 0 A 42 B 4% 41, 0 B E UL PR A
ZE PR R T o JEE 0 75 K A e ) R S DU B S af YR O B
BIT7 1) o AU E R 3l ey e 46 ) 6T 5K B0 3 B AR R O
B i (cardiac cycle) . B 5™~ 0 b5 R B Wi 4 , $2 4
O b5 BF 5K ARG RS0 Z R WA A O E R K. O
R 553 B0 K 290 4 70 W, K2 0.85 s, — D IEH



fii 3 Jik ¢

X 3 ik

PEl At 7 B
ey o

B 8.8 LU S (X FF FAT ({5 1 Luciano,1983)

JRAE B A0 R AE 4553 60 ~ 100 3R 93 Fil A A2 3

FEC 3l B T, o JUE TR B T 7 0, 3 AR 7 A A AR
o 20 B3 Wi i, o0 B PR 1 T R R O T A G
% A O, O EWLE, L ENIES I, LB
10> B3 7 1) [0 30, 48 & s = OGP o o0 38 N T ) K
Fhs, BB % N E ) A E 3 bk (s 3l ko) /9 TR
J1, M T 2 3l ko (=l 2l ko) |, Sk A 3 Bk (51
s k) o e LA, BN EREAR, 353 ko (=R
it 2l Bk AR ) P o 240 3 A TR AR T 0 B N I,
P T T, MLV 5 A o i e Jod i 2 4, A0
AL,

8.3.3 &P udE ONER Y 2

PNGERIRY RS P NEATE i ) B VRV N 2 G N P
U IO 8 80 A0 4 0 U 0 SO AT 5K o T A A R
A % TR UL R S B B KR P o AR N — AR
JIE B 15 B AR 20 B 45 B o SR A5 L 3 3
TR A WA T AE O PO 8l 4 B A AUR R4 B
AAEFRENBEY B AR ok an ) A G
Ko wod o7 I 20 JE B9 19 8l 3 0 R A SE TR B K
PRt 00 JUE AT 49 25 09 A T B 8 2l 2 A R 3R AT 4 B A

1 1% Bl 1 Wb F AR AT o
O JUE BB ZE 47 1 A B A1 22 (0 R 3 2 ph T O JIE I B
A B S5 IR LR AR

O JUE RO LA o O L R B SO, B B AR &
S5 E Rl A BB UL ILET 4E 2 AR, A K,
2 20 MO A% 5 T JUL 00 PO B 0, B, A N 5 0 i = ) A
Z ML BB VIR, 0= LM A > X (WK 6.6) .

OIEA 78R B R AL 4 o B se N E B ik 43 32 ok

8.3 WY OMIME RS 125

B B Jok sk 2 At 45 0 JUE I VR 69 PR 2% SeE IR Bl Bk ( coronary
artery) , B AT O HEAN Mk R A M E R R . R ER
) Ik BEL 2 2 45 .0 JUE 199 g B ok )™ B A 52 1)

A JUL DX 5310 < 5 L 0 e P S 1% R A A 2 s LML
f A 3h T, B ULAE I R E B H B N AE Y R AR T
AR A ISR A A AR . DR B B
AR T 0 BE 0 — & 8 AL, X A4S FALFR O R R
( pacemaker)

Wit 2L 3h 0 0 L3 Akt — 280 JULZE i, ) 0 R 3
e #7245 (K 8.9), XHEMM AL HA BB ™4 it
PEXMTTRE ), EEIIRRR A ML 3 . FEBRAL
5 Z 4 6145 5 5 45 (sinoatrial node, SA node) | 5 & 45
(atrioventricular node, AV node) | 5+ & K fl 1l &5 %7 &
Ak, oAy Ai0 by RE B ISE B 45O iR, — T T ) Y )
0 b WAL 3, 51 k2O s LIS AR | [R) 4% 3 B 28 22 ] Y
rEgs, 5l EE Xty Mar 0B BEOE HERE
HHEES FERX—EFRLE, W RS LEZIE
MR RARRE e f. MATTE D B4 T2
0.07 s, {8 A0 B3 W] 58 4 W40 418 4 3 1l Wk A0 %
SR JG D6 ayiE i B R B H A RS A R S LA B T
2R 4E R H AL RE R SO E 2T, RO = W .
5 45 T 2 005 AN BE E R R I, B A
MEMAZ, EM S, BESRRNTRNES
Bh 40 ~50 ¥k, BAR LUSE B A5 T A NE — g {E 4 AT 3K
SO, AMEEEEFSRRDERIRERE

0.1 %, L 0.20

& 8.9

L LAY FE R A 5 R
BOF FOR AT TFIR S I ()
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G5 NG T 20 AR AR A R AR A2 B 45 E A Ak
T AR, BUTE 3 SR 7T LAAE (R N 22 3 i 48 A\ TR # .
A% & AT R R Bk R O B AR T
E LA

8.3. 4

WL 4% [ &5 4 5 € AT 8 2 fiE H
is L

O O 5 O WAL 0 R Y LR A S A B
) sh bk (A 8.10) . X 46 3h kA W Jr il /Y9 2 fE .
— A RN S| S BB B 2 o Bl bk i
PR BOHL, Xt I W 64 BEL AR /o 53 — T T B9 2h E 2 A
A SRR Y I P R Y M B R M SR AE O AR,
— € B I 2 AR B N B Bk A0 3 A 3 ik, an 2R
= B bk AR Bl bk B A SR, O AR K, 0 A 98 AR 1
B A\ 2R3 B AR G869 I AN B R R R n .
Fix sz kA — JE R 5 21, 2 S A AT L
YK, B98O E BB i, i RS BOd S o W
AERRMAB/DE B RK . 7E 0 &F 3, 5 i 45 1k, &
2l Jok o 5C P, B oK B4 B Bk e T 5 T [ 4 4 1 O
4 91 VE- A7 19 057 R B I HH O, 4 FRF o i AR X )RR E  HE
) ML AR S Ah A . ph T B kR ot — 26 R
2l Jok % 551 it PR B A PR 0 B 0 [R) B8 4 S 5% AR
I Bl Jk rb ARE 2 S W B9 iU . Bh bk A RE Y M BE AF 15
4 4 T 9/ o

Fh G- L)
B B (%5 45 R 40

B 8.10 zhfik 5 &k (15 & Bell,1980)

s bk 2 T 3 bk 5 B 40 18 2 18] o Tk sh ok i A5 BE
PULET 4 % 73 AR X LB 2, K 2 2 30 47 F 3 LT 4.
ATV 10 LT 4 < BE A 728 A T DA i S 0 5 2 1 f
FAE o &R AR 9 A8 — 77 T AT LAV if A 3 fok O
HH B B, AT 3811 s fok P ) i A i S 5 53— O T L
A A AR E 2 A0 o, VR il VR A A
FERA ME ARG, 7 Bk BBk SE 4 R 1 T FEAR
A, MR BK S A0 B Z 18 ) BEdLAR 2, KR 4
JE 37 P 2 A A o st Jok A 400 1t 60 R 3 , O T LA
8 X — 43 1 8 B BHL SRR K (P 8. 11)

Wi 45
120
100 -
o 8OF
o
g & 5k I
E 60r
H
g 40-
20 \\
|
0 —
¥ 3 ik bk W' K s # Jik
4
!ﬂ(&ﬂﬂ(
B
B 8. 11 A i W18 35 3R 45 45 38 40 4 if TR

i K E A T RE 2 DA B A A 4 1) B A I R 1l
51 0

K A BE L 3h Bk B WS £, B IR, T
i Ik ) B PR U T AR AR N S B Y 2 A, N GUER N
1L 98 4 /1 1 Ak 9 PR ) T B R L ot K ) /1N Bl ik Y 6 ~
7 o R RK R R A 24 A W B — 2 T EL I
R4 10 mmHg(1.33 kPa) . [Hitk, ## Bk R4 &
& I 1M 2 ) AR A

8.3.5 T4 MY i 22 B i) 35

A& FR ( microcirculation ) J& 38 7F 3 M = 1L #& 78 2
RS Tl bk 5 e bk 2 18] B — B 50 19 1 B R
gt (A 3E T3l Bk B 40 i SRR Bk A ) A i R 2R
(P 8.12) , 1 ¥ A1 2H 2 2 18] ) 40 Jo 32 8 2 3 a1
196 24 Hh 1 6 4 il 48 SR 4T R .



B 8.12 HEHE X E ({51 Linle,1981)

EBYIME — B 1 mm, HEH8 7 ~9 pm, K| 7]
L dnffimat . Bl A2 s, MABNHEMAL,E
AN EE R B4 M, ERANRDAERS
4 if ) PR B AL 25 wm B9, A AANE, AR B 40 i
TR K4 96 000 km, ] LR AR KBS E .

B 40 1 ) 25 K AR 38 R A I R A 4 4 2 8] B2
oA VR SRR B B X B O AR Y A
BAR/AN, AN TR KEY B8R, BT E4iM0E
BORAR K, S 8 D) T AR K {8 T 40t A8 b 9 1
HPEARS , KA R 0.07 em/s, il i 2 6 40 1
BIFEIAE 1.5 ~2.0 s Z[8], Y A e 4 it 7 R 65 1
], gesh, B 40 im A RE B AR K@ &M, FRE
HES) ) 09 1l 3 A 2H 20 & B0, BT BR 2 A & &L A H
A A . A MK EAFRHL N 6.8% , 1M 4l
LWMASTEAN2.6% , & MBS+ 2R A H A
VRS JO 7 ML S A 2 2O B v BE AR AR R) o BT DA 2H 2
Il 7% ) 48 8 WK (ultrafiltrate) o

B 40 A b A IS 4 B8] B v A 20 2R = (] )
) JO 32 e s K Ay Sl YR AT . AU A BT
SHIE BT B 40 0 P Ah & R R R R I TR
BERRBE =R T A X R i, B 40 i RE
YR AR T B B, X R T A 2 e A A R, A
A ALIE, 40 M B SR K MY Bl AR (A #
it 25 wm) o Gl YTHEL, 8 IR A IV ) A M 4AE R Y

8.3 WIS EmME RS 127
J5t, 1% BB MR A B ™ A B )

8.3.6 BRI B A 4K MY i E

Min P SR i 80 1 BE A . — AR E A A
i i i 30 Jok 4 L o A A A — PR i) 3 ik W ik it
Feo #5894 B 4 B 1E T3 L, TRl
i P ) 7 E) 200 mmHg(26. 66 kPa) 7247, 5¢ 4 BB
Mo HFWTS AR TEAE RN 53w T8 T 3 AL 3 bk b, &
TR A PR S A, A IR T 0 U i 4 T, B 3 Bk
P 4 7 U K 4 of T I a8 LA AR 7 614 33 B 5 o 98 4 B
FERY Bk, 5 B I A i AR B, AT LAWY 35—
7 XL T b B T RO 2 T e 4k S IR
7 ALY T L 9 A ek Ao BEL S DX 1] S 4 7 A
FRE R M AR A 2 T EF Ik R, 0 2 A S ¥
(UL, FZE W ) E A o A IR 7T B 3 WIS T &7 3K 1
VU7 4 O o X R f T L VAN T T e b 9 0 52
ST 1L, B T O, L B MRS (R 8.13)

- 140 ¥

B 8.13 A A ifi T i) & P f# ({5 & Litde,1981)

8.3.7 & M) A & ik o AE w4k R fE
N 2 falt Bl 1 o BB

A 1fi e 48 i 140790 mmHg £ 8 2 & ifi JE ( hy-
pertension) . & Ifil  BE%  X B A ELEREE .

e I e A Y5 T 1 s Jok A s BE WA o /NI 4 I R
(25 P i ) J2 Hh T B b R PR B R AR S| i
B, B K 22 501 2 R A B R R IR & o 1 JE
J & P R I P T BB LA B R O i R R A R
RERE R R AKR U S A RS O MR A, R
o BE R K I 4 R A A R M I Y & AL R



128 8 Mk S51HEH

AEBENCE ., & MR WAEIT 2 5] 0B 55 15, N
Shy U B i 5 4 A R U i R 2R o e 7 ) i A K
T, 5RO K, ATRESE EIH . Lok, Fre
f1h e i 2% 450 T Il K, R B O S
B A I A I A A LT e A A AR 2
O VB R 7 R ) AR S o SR Y R S
o B = KO R AE o PR R 0Tl R AT LA 25 4R N C B B
REAR A R AT 2R IR R O R Y R 38 AT
AR BURER AR B DB AR | ORI B B 3 2 32 3 K o
98 T 4 A R IR ML o o SR SE 1 S BE A
S50 3t AU 1t P 59K 75 IR R o TS 24 40 ) PR R L 32 Rk 2 B
Wi AR S5 ORAA YT o BLAEIR YT R L B A RS W A 2 b
A3t — HIF 46 AR 3 26 B TR 24 3R 06 200 5 22 IR L, DDA
AR .

(a)

& ik 35 #F i 4L ( atherosclerosis ) J2& 3l ik A i v T 7
o HE [ B ) R 05 L T8 R R B (1] 8. 14) . B BE SR
By K62 & lah ks 287, i 532 B, £ %=
5 FE 5 I R 5P AR U T el ol g PN RERECR , IR
Sl & M B . 78 564K Bl Bk v ) 386 B B B AT i 47 s A
A OV AS 2, BRI 5| & O S0 o B Ry 7™ HE Y 2 5k
FEBE S my by L5 | & 0 il F  eE AR 3h Bk 58 4 4 P L 2
18 B R RO WUAE B . e AR B Jok o5 4 B 4k ) BRAR G 9T 4
ENEEBOR NN €72 1 B N ) )T S - 35 N 7 e
Bif Akt T 7 B P 3 R B AR B, B A R, e XU E R R
B DR R BRI AE o AT Bl bk o A s Ak 1 G
AR T TR, A48 BUBIA I 8 I, BRI of v G BE L B
UK ofn ¥ v sk o % IG5 B IR i, o afn /)N A Y 3
fiE, By 1k i 42 T 5 .

- UL 4 e B

(b)

B 8.14 FhkiFEREAL (05 1 Mader,1995)  (a) — i JUES B SR B0 Bk h AP REBES . (b)) DISRE BEHe b i % ) 7T

B A&

1R 3R 2 U R P Y FE AR

F AL 4T B2 LK fi 2

A 2 305 H R A 4 el B 7

Rh [ 44 19 £c 25 0 I 1oz T R A 4 [m] 37
R AT 20 ME S 8 AN R Y
AR PR TE R R A A fE T ?

0w N N B W N =

At 2 BUAF A AR P9 7K EE AR 55 A MR N i K B> — s

AN A M A — B2 1 mm 368 A 42 5, T R — A e K 0 6 40 I R o 7R R N AR A 40 L S R A i A Y

PEE A 25 pm i), B E—MEE 60 ke 19 A2 5 BN M E K B




SRR 51T

9.1 AWK RSEHEHS
g

9.2 AMAXF Ll B

9.3 fis T B Al B 1 IF IR AR

9.1.1  ANft 2S5 A g ?

AMRRRGH &N S

Bk % 38 3 0 A 4 B 1Y)
B HIUE

BRI 2T BRI BARRAET R, 122X 4R
HRELAETRAETRABRBEFOLHRET MEALIRTLA, %5
AR ALs A K,

Pmpn A TAABERIRE T BKE, @ B BT —RALHE, @
AR S B MR TRAZESIRE R B AP A%, LAZTHEAH R
R HRR, BFEIABE LA, DR NTRFERET 54X 942
AAHrd —RABH AR R G, 2FERPRUBREFTHIRIY, 4o
Ak ] AL RENFREABRIBRAKR, BEAGTEIY, sk L X
FARTAFTAGARBA, EXAEIH P ERPEFHELAREAIHRA
AR, d B AT B W) R IR 6 Rk Ao Bl ST AR, e AT K | B K Fe vl SL K A B AE
HEKRRBROBE,

B, FE U N LA B = = AF R A K R
feik . FEANRAMEFR AR S MAEAL S, A
1000 mL 247 B LA, B 7 i 2 0, AR P77 ) 4R
e HAELERF LA BT #E . — D AT ULREJL+ K
AZEY, AT UL/ i 8L A /N ik A B 7K O B 4E 15 4=
fir, B R B JL A 55 R R (AR S HE

N B B 5 Bh 24 0 FE 200 mL % ; 12 3 TR W E B MAE T, Bk, 2% A B 4



130 9 AR SITIE

PLAARBERT 4815 HE S ARk, 5 2 2 55 AR N IR B i B2
SE FAE R A i i AN W] D i B AR

15 45 3 W ) UK S i AR A W ORI A, T LR
W (respiration) o WM it 72 0] LA 23 O PR 4 - AP
W AN S o PN E I R A R DR ) A 4 PN R AR Y
TR, H FE ™ A B . — AL B FIUK 5, SOPR 41 Jfd
W, AL 4 FERHE ; S IR 45 4 Ml 5 40 R 3E 2 [8] 32
B UK R A TS

9.1.2 AR ASZARE .8 W K
% Wk

M S, 25 A48 B (nose ) 5 1 3 AT ( pharynx) ,
PR Mk (larynx ) (EA FHE AR (B 9.1), LK
10 ~12 cm, HAR 2 2 em, i B B 8K 8 0B 8%, O+
RAEEEWE, TENRRAZLTE L 40, X
S6 21 1 W M B[R] 0z By, 83K TG W2 A T )

9.1

NI WFIR 2% B (05 H Graaff,1994)

Ry 2B BURL 3% 3 W P, OE Ok 0% WCHE AR Ah . B HEA
B, 53 R 2 A U (bronchus) o A Bl G, 32 A&
B0, 7 AMXRE. XEXKELHAE D
BIEREH., MBS 15 ~16 KK —FH 43,
SFRAKMERE. UL X EENREE T3 &
7 S il BB R T, E R OOF A ST AR R
o, ZORAE UL BSR40 S RO
WL v e N il ¥ (alveolus) o fili ¥ BE B A5 — 2 b
A, HrhamE EAMmER(E9.2), Ml A
EHTERNSN AR 1 7 . I EAR N 75 ~
300 pm, SE02 3 A4 Al B E AR 50 ~ 100 m?,
ik E B 25 ~ 50 £%

9.2 fili#u iy B S5 ({i & Hildebrandt,1965)

9.1.3  Jili iy & I8 Bh K SE 4T 8% L 0% i
a5 5 8ok

BAMER T A E 5 A FAHE SN, S % B 7E
FHE o T A A R LA KR ) LA R S
e R LS P (09.3)

HH T W 2 I A ) 6 UL PR 3% 3, AT DK O I 2 3l 4y
1 18 2 ¥ 1% ( abdominal breathing ) 1 i =X I 1) ( thoracic
breathing) , M8 =X W 1 i+ i L Wic 46 , iR B, ol i) 5 4
oK, SR R ILET 5K IR T, R 46 B, AR
(F9.4), BAWEEs| & ESNF . M =X 0F g s i fa)
SN &I gl e ) T N NG R N N T B 1
EFOK A TR, RS, PSR (B 9.5), — i
RO, AN X =X 3



KA HE 760 mmHg

%y\ ~ J
/4/?:
JUE J2 B

B 9.3 it 5 My

%
L5

A

9.4 P i 0T 2 K R 6 AR X L

A 1 A Jih & I\
(¢
Y4
B2
4 S
e ?\a d
J¥ 18] 54 L B
. [ |
WS LSt

9.5 fig X nF 0 it il -7 8 1 2B 1k

AT I WS B 4 O W8 A 8P 14 A< R S 1 <
B, R B R 400 ~ 500 mL, 76 # R SUS

9.1 AMPRRFSMLEMSIHEE 181

FRAE 5 KW A3l R BT B 14 n i W A Bt FR O 4 A
BUAE AR 1500 ~1 800 mL, 7EF i MF A )5 FF i K
WS B4 BT BB 34 0 W B SR FR O AR RSB, AR
AR 900 ~ 1 200 mL, & KW S JG /R )1 S BT BB
SRR R Bl 05 & (vital capacity) , UAE B AR
3 500 mL, i 4F T2 h 2 500 mL, fifi i & 2§ S
B/ AR E SR EZM(EI.6),

M LRGTE

9.6 Jifi G i &R 4

Ji 368 B R A RS N ) P . — R
DL B RN AR BRI 12 ~ 18 W, i, B4R N 454
Ry 6 ~8 L, T A5 W 35 5 A g 55 gl 5] 252 B it
A[3A 70 L EA b o s L, AR 958 ST B A R K i
R, ALl D REC 4] B iR B E AR 4
TE B B P R 4 S 0l <R 2 KR AL, B R
PR A AT AR K i AU

9.1.4 i # B L VENE 4K

1. SGEMEPSHAAPHLTIHR

PR Ah B AR 3 e L KRS i L 2 1) B ARk AR
BRI R — 2P i R S 05 5 i o
B 20 ot B R E A B 40 i, b WS R B A,
BT A S b i B A0 L, 5 O A0 B R, SE A A 5 i
AR A B ) 6 A 22 3 — A T T AR B e R el 40 i
BIAA M o At A D5 PR AR ol SRR 4 ik o ok il o
bRz B4 i R A MR W 7 X R, HOR S
BT, HBA XN EE L BRERER. K
R4 AT 0 Z0AF A R L B E PR R 4 RLRE b R E
Ak 1 I e BE Ak B



182 9 SR H 5K

ii 5 ok 1t S 9 1A bk , ok B 4 B 4L, Ak 4
JE®#5 (6 kPa, B 46 mmHg) , % 43 JEK (5. 3 kPa, B
40 mmHg) , It 28 fili & 40 1 B ik 5 e < R B E — 2
A, i R A P A R A T 2 A R AR
JE 2 2547 4 S el il o b B soE AL, i — Ak Bk R
L B HIE A B . i 2 4l A A Il VR P A TR
FhiEr, A AR 4 TR A, B 3 i o A B A0 I il v
e SR R AR B 4 43 T 43 Sl AR A I 3 AR AR I
PR Lk i UL 2 A 9 Al A S LA TR R
SRR 43 TR 5 i b R SR T R R A Bk A T
AAE(E.T) .

WA = I A
Po,~158 mmHg Po,~120mmHg
Pco,~0.3 mmHg Pco,~32 mmHg
Po,~105 mmHg i ¥ <
Pcoz=40 mmHg
Cco,
0,
Jif 5 JK
Jit ) Jok
Jiti 2 ok A1 A 358 Jok « it 8 ok A A ) fok -
Po,~40 mmHg Po,~105 mmHg
Pco,~46 mmHg Pco,~40 mmHg
< 0 ik
&3 fik

40
Po,<40 mmHg
Pco,>46 mmHg

9.7 4 (0,) M i (CO,) 4 EFEW A FF R
DL Kz 4 B 45 Ab (74K (1 B Luciano,1978)

1A Bl Jok i E A 4 B B3k i 96 LA AR 9 6 4A I, S i
MG SR 2 () R A — W e G T Al
BE T 4L 205 40 D PN T = Tl LB o G O 1 ) 4
i JE 7 240 i R R AT A B AR A A AN BT T R SR
A AR . TR, A P R B SR R T AU
7 2 2R 114 40 T SIS T L 908 ) 5 240 L VA ) — S Ak
B 43 8 1 2HL SR EY B TR T ML VBN o I VR O 48 T A
L, SR I 9 5 ek A E 2 2 AU ) 4 L — AL
Bk 20 A N 22 2 U RO A . LA 2R R 1 R
o S S R AR, AR A R T . I B

40 1t B PR A S N 1 W AR A TR L AR S S R R
A LU o3 TR A B A

LA LR BT LA 40 4 8 BAR AR 35 A BT 3
FESE, T W 36 3h 20 R 4 il v AL 2 B e ) 1 AR A8 R, X
EIE BT S5 Fe i BE o ol st B s o S0 D it 96 ) fi
o I Y AL Y ) B A 4% 4 A B B e 1 B, AR,
it B AR 3% 3 7 A S Ak, I A b HE
AR X I T AR S R B . X R R
JE 8 B SR DA B A 45 3 43 1 440 i 3 i 9 L DA il
i 38 1) fii 36 f e

2. FEMEPHIZH

1 L 3hfkii 29 & 200 mL 4, K 5 A 3 mL A5 %
FE I A I 2%, 197 mL 46 5 21 40 Mg b i i 21 2 H
(hemoglobin) 454,

MEEAREH —-NEREAS TG4 DML RN
I, A X 4 F i 64 500, BREE 4y FAUEE 4 &
.2 %% o BE, B AREEH 141 NEERMW A2 & B HE,
B akEER 146 DR (E9.8)

BEEPRE -AMOR, B MaEhof —
MEEF B WK TR M E 0 7. M4
EASALAME, AR, 5844 0L
EAMRIEAMLAEA ., EH AR 100 mL (i & h 2y
FI5 gMAEH. BRmMIZEANLE S 1.34 ~
1.36 mLE . WA SEL G WML EARN LE ML
HHA.

12T 2 5 — A Ak iR 45 A 1 R A )R ) 200
5. BPlAES FEAR AR A 15 B0, — S Ak B th BB HUAC 41
54 E AL A e R — AR 40 A, Bl iz i B
AP EEE TR B, R EAGE KR B
PR A i — E AL IR O fE AR K, B 3 4 T 3l i e AR
B — S8 Ak B Al 7T R 5 3R 8 Bk ST 460 5 i 44 T B o

3. ZEUMEMBPHEH

I8 30 28 4H 40 6 A0 1L A, S I 20 2R 1 RR i St
SN2, AR A U A 40 i R b O R &t AU
AL o ) AR BR I R AE LK b, 2 90% 19 —
EALBR AR S Y AT M 3K E A LA . T AE L0 40 e
A Tk IR I A T K & VR T, — A B K8 43 16 21 4
Jf v K A T BB R, A T iRk S R Bk R AR RN LB
214 1l Y DA 4 B 4 4 40 IfL A5 A B A 96 6 A ot A R ) i
fFhmM R k. RRER S S8 74 68 i
B2, IERRRIFAE I ME I T i o — Sk 5Kk, — &
e Btk WU ™ B A il ¥



9.2 AfkxtmEifiE R 188

B 9.8 ML ESMLEMN (i Eckert,1983)

9.1.5 WEMEIEEh PN

AR W K 32 2l 50 I s A AL Z 4b, #R A
V2 HRAE TG 3 (HIX P AP B R A A
RRBAR . HLEA B 3515, W™ AL %z 3)
f AL P S S UL, 52 SR A 5 SO, A M R Y % Ay
W UL AR UL L) AS 2 A shlcdi . A1 Je9 A 3h
F14) R 8% 355 0y UL T S I8 W U UL 64 32 3l 28 T B A TS 1
B Bl A . X R AT 5E A KR SR B IR A e Eh
VA5 I I f) i e BIL TR AT 2K — SR B R AR W, 55— 2K
& A B H

W 5 4 i) 2R 5 T R G B2 B, 3 i B2 O R
K wh Bl % 16 B P IS B MR 2R OT . R B B AT LA R
b A2 o O % 3% Bl B L, B, A A B R I
P (5EE) o AMTHTHE = 16 3h a6 20 A iR 8 0
WP LA RE &t 2% Bl AN R B9 7 3

F a4 6 RGN T B . HE R f S A ) I I o
X o S T A I A 22 T, AT R R 22 v sl 51 I
AUV L Tl S UL ) 64 W 4 5 3 A FE U 2200, B AT
R 22 vh B 5 AR PE NS o 24 B AR K ) T Bl
SR, AT E L R RE R, ST BRBCEZ R, ™
AL AR, AR M P R A R TR, AR
SR . MR P X RN AR AL, 2 SR P Bl R
5 A A B, DT 51 I O B MR o A S Bl ik S8 A
B ik 5 BT e b Rz 20 R % 3 ok A A 3 Bl Bk A R

SRR R A%, B ATT AT LA WE 0 1l 9 v AR A T
G FE 7K o 3L T S 35 A o RK fh 2 SRR S 8 4 i X — R
Atk 53 FE K B9 B2 Bz AF R A, 1 — AR 4 e
TR T A 38 i 2 o 6 S R Ak 2 SR B2 A A M X S 4
K A 22 b B A% 2K B IR I rPRK, 51 R I3 i 5
P B — S A B S S A o SRR SZ A% Y OE R B % Ay
), SR A A B 3 TR IS, AN RE ) b AR Al 2 R R
o, B2 RO IRCE 5 . O B A0 TR MR, Bt
XA .

B W P AR AR 2 S AR T A X
BIAE A RS2 A, LA WE IR, (P 5 T L VR R
W E BAE R T A AL 2 AR, R 5T 5] R
W 4 5

Lt AR E R T A SR XS
JE T B, 43 e 0 /0 5| R il o 4040 FE ol /b | 3l Bk i ) 4
WA BE N PR, 7E 3 800 m A2 44 Y /5 BE , S N F 1
f) 760 mmHg [% %] 480 mmHg, 4 4> JE | A 159 mmHg
FE%] 100 mmHg, S5 E FRESIEMBAS EREZ
TR ik B i v b R D . R e ST B 5 R B A
JUJ5 T8I B BN < I VR 430 3 186 , K B 22 1 25 AW A il
A FR O i BB 0 DN K 28 3k i A0 B 44 4 3h ik i 3
5 B AR A 1 N 2T 20 I RN 1 21 2 R A AR, ok I TR
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Wk A AR J) o B B R N B BEAT 1 X 4t i
# AR RB A M R 4 IE W B A AL RE . B E  TE T
K 5 500 m f) R BE , — > AR E v e oA 1 IO Y AN e
56 IZ B i) fE 1 A M F T S0% o R R
T, I 08 0 e Ak 2 LA, A 1T ) P A R A i TR
fEAE Vi A o S 3 o o AT 40 B T R
i 218 AR AL, O — BB, O R — B T I
VT BN o T R DA X i Y A A R B AE A AT
7E 725 W 4R b X #3283 BB 7 , At AT AT LA E W55 1 4K b IX
7 B H BR 197 3h, 0k B 3 DX R N Bl 22 0
— BOI Y B 38 R, 7E A4 ) 3 B bt 2 1R AR R A 9%
Wy o R IR TR A R RO X AN B 22 518 B
TEAFRE ) b, B J 5 DL A0 AR T 4K 3 XN B9 A 7 R A
BLLFE T A LA o i A X T A 9 ) R
T R R 38 A PR AR TR Y, 8 R A e AR T AR R
ARAG 33— 1 R T 5 684 [

3 fa 5 4 R PRI R

9.3.1 WA 51 &S iy Bl A<l

18 P4 i Ui ( emphysema) J& — FlCEAFE YEFR W,
BRRKIMBHTE . ENERRERFLZARHA LA
7 BEL 2 A fr v A8 2R, o O R R A G i BUR R b . R
FHRALBE A AL, W R AR T K il &
Ml P A8 BEL g 8 AN, 5 R A Y R ol e S
AR E, S B O A8
WRN L EEMN LR, Rt TSR R M b —

LT T 2 T P BOE T . 7 BT Bk 2 %K 01 8 0 2
f K O 5

9.3.2 ®HWRERE SHITHEREERIFLG
T b GE R g A WY £5 e P
3

8 /K H (common cold ) &2 H 200 £ FhAH UT 11 55
TSR M, Bl NS A Z 8]l L 3% . iR
Ak EZ R HWRAMRERESE., —TMREMA
REH W AR DX A b (R B 7= A e ) . ISRl TR
Fof SR (90 G5 = 4F 0T R ) A% A — b A [ 64 98 2 vk, X
ol RBERE K1E,

WiAT M E (influenza) J& — F 58y ™ 5 ) 5 0
FERORA K FERR = 7 UL BRI Sk IR LA K O i
HRAEE o TR G hE IR A 15 1, AR N AR R,
ZHOK . WATHEERE KA IEAA A B .C 3 MW EEK,
A TR B LA R LA T MR . 45 RO EE S R A AE R
AL B EANT 8 ST A A LR Z AL, R B AR AR
BE o AT SR HRRS) T BT 4 e R 1 S O RO B

9.3.3 nkEhb

ik il ( silicosis ) J2& A< 3 W A — &1k & B9 f0OKL 17
KRR R R, WREE LTI T ARSET
Ao il PR W 4 i 7 I R A B PN A RN B — SR
FERIURL , 15 W3t 40 B9 A A8 1 1k 5 b JB0RL I 8% B T &
B FET 4 M 2R 4 3 SR TE AT 4E 4R /N1, 32 2 4l i
BT Ak, (i 2 A RS sz B . e TE A K
S, RA TR . R U e R B> T AR AR 2,
FESAF X G2k A T AN .

h A 2 T A 1 A 7
4z gl 5B R IR 2 I 27

e

AR AR 75 ~300 pm, SRR 3424 o TS0 (R I 2 T i B T AR

N A2 it A W A Bl A =, PR U0 R — il N R BB IE R AR TR g A
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LN

101 AR5
10.2  BET 5 HEM

/K494 (C. Bernard,1813—1878)

1857 F MR ALk , mist R AN KM AR AE THLFRRE,
XA MR REGFRG AR " AR BREA BRI AN AN L
7, 1926 FRREARETHBTHVUMAKARERBRTGBEL, ZBHAEE, X
FREZRERABLI @B A LRI RFH, ARG AT E L
SR KAEF AT UL FRBENED, TE— LR B RERBR Y ARBEHE
o - LR —RE—RBIE XA REWHET R ATH R

A% AR R 8 (thermoregulation) %5 % % i % (osmoregulation) 3 4] k& %,
A B 4 AR Fo A AR do 4T 52 AT A BRI H)




186 10 A B 5T i 2 il

Fic 8 94 V5 K L RE ) 149 A Il Zh Py
EAgr k3 R

Bk EAR IR K, A -70C ] 60C, 7EiX
AN AR A 1 B DY A= 3 114 3l ) e B Y A IR 6% BB O AT LA
4y AR IR B W) ( poikilotherm ) | 7 7R 3 ) ( heterotherm )
F1E 15 3 9 (homeotherm ) 3 25, AR ¥ LR R &
ifiL 3 4, FE — A /N 59 IR BE S BN 1A U B PF B IR B 9
AR T B AR 2 IR A R A B R T,
AR A AR E) B O6E BB 58 A AR ST #EA &
HOPR 25, ok A i ok 3l ) B AT R ok A T A IR 89 7 AR
AT R AR R (100 1), fE IR B SRR R R I
¥y, BEAE R Y IR 28 b v BN AR R L BE E N
PRI (35 ~42°C) . fHiR3h Y & 228 ok 8 05 R N A4
B o AR Ok 4 1F b B RS S AR IR X R R Y O SRR
A R AR T

10.1.1

& 10.1

i 958 368 3k 7 A S AR (007 11 Bogert, 1959 )
516 Tk 10 3l 490 Ske 348 14 100V, A S 9V 4 A A U0 o ; ob A 8 R
B Ak 5 A7 U 6% 4 B 5 B AT .

FREE

fEiRsh Y RS =Y, ) KNSR RA S
KAWL BP0 K 2 BORE R Y, R %E KL
BORR Y . ERRSY SERSYZES A 2%
HBARD 1 55 3h W, A8 AR D JL AR 15 26— SE L 45
FLEh Y o B AT B AR A AL A AR R S Y S e R
sz, i an, b — s g Py (an e ) 78 JE & IR
T RE 2 o AR 25 4E E B ARR, A R Sh ) — B fE A IR &
ALK RRAERF7E RS R 2 24 2°C Bl

PEE AR A2 4K

10.1.2 i il g Wy 3l ik 4 % 4 15 1k
K 4E 5 2 5 114 TR

1. AMEHEiRE

ARfERZY, KR EHNREN. EIFARES
B2 o B AR AR AR ] o B PR R 2 89 IR BERR O K52 iR
J& (shell temperature ) , B {4 P 35 () I B2 F% 4 14 2% 18 E
(core temperature) ( & 10.2) . A {AK4K 7 1R B 0] Bl 25
S5 BE A 1 O 89 AN W) T A BT AR Ak, R 32C KA
FE M PR b5 W E M O FRCES 3 A A IR B SR R 1k
B E . HARERNFHERN 37.5C, 0RERERE
ik BE AR 0.2 ~ 0. 3°C, Jik & I BE X 1 1 iR AR
0.3 ~0.5C ,F¥{EK 36.8C . AMIEH iR I AR
— 1 [ R B4 I BE K, TR — Y

f

10.2 A 1A 72 I 5 AR BE (05 4 Schmidi-
Nielsen,1979)

A, AR R R IR A S B . E— B R
R RIRIREAL, T4 5—7 BHARRER , LAS T #
(FE110.3) o AR Lotk AR B H 22 Rl i A2 4k, 49
KA SRR PR, Vi R e R e 000 T e R BE L R B A i
B, H &R AR FRE 0.2 ~0.3C, ZEHEDR H
PRI FEAR 0.2°C , HEOR G L BR FH 85 24 0. 5C ik B A &
RIS o R phy T O B op 22 38R o R, 2R R
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\‘ s i
o i 5 iR
0 2 4 6 8 10 12 14 16 18 20 22 24

I} 18] (A O I 3] 24 1)

355F

B10.3 AGKEBENBEBHRZES (318 LS — K%,
1981)

Wt Y VAR

2. AR EtRpLE

AR FE %2 i 32 p 9B JULPR) A A 2 A AR
ARG ARG L R, R
) 2= 184 i JUL PR 3 3l , B UL 4 I R BOR B AR AR
REY AR LR EENHE RS E. EELHE
b AL R O R BRI, AR SRR, A Z | A
BRI LAS , B AT AR R AR AN AR o AR B UL
R IES), MR EH TR RZSsIEmR. 7
WELh Y, A B SVER R IO . BRIVLIA ZH 8L LAt
I TR B, 7E B3R 0 R8T P R RO B 4 B IR
R I8 ) i 2R 4 b SO A2 O, R U A AR L RUAL R
o,

3. ANEHEAN

16 85 B0 ) 7 G R B R I O /b B in A B A B
Y TR A X B BR E o A 1 TR P D AR PR i A
A B 4 45 1A T A X AR E o

AR ATHLY —FF Gl L RS 0 Rk
BB

FERARSGHE ANAEEZIPES ERARE
BRI L. RAERBHEKS RS K8 il A4
A R AL SO, T A FE DK IR A AR L B AE B
K,

R S R — o A O O S IR R R i kR
Tl & ST AMER , h TR B BAR A ) iR R, FERIRA A
25°C 1Y 1E K &F 3 1 FR55 b ,  EL B 4 i B K TR RE 24
32°C , X PR RE 25 R B K, 2 LUE K4 B IR iy A &

10.1  fREyEYT 187

P S AR o SR L O R A U A IR s D AR
KEERA

Xof it — RO . B SRR Tl T
RS R R T e R BUR R  E R ROk
e, DR AS Wy A R o 24 ) R BE S A TR A AT
A KA

HEEEEFABBHR T, BEE 1 g KME
I 2 2 424 J(580 cal) #4518 F R B 9 4 R B
A R IR B B S AN G AR R RO EIAE T, R BB SE AR
KW, FTAZE R REEABMITN . ARG/
KARKA R 3T g K, 1/3 0 E R mHEH ,2/3 K

ANEBR TR ALY —FELME S RS X Bk
S ERJ7 SR DL Ah 8 98 AL 9 B A R R
R s B . Y B RG BRAR A A AR R R T LA
B kR 32 B EOIAER TR R 0 AR ML T S R
Bz s RIS B .

E— BT, R Bk b i A a2 3h T B K I
LA B B B R O O R B R 3K R T AR R B 32
B . Bk A2 Bh F E RSN IRE AR R T
Jok U B R AZ AR T | iR ) RS TG B . TEFERAER R, K
T B AR = A i A8 WA RO . B Rk T sh Bk i 4 B2 Bk R
i 378 B 9 2, B EE UK I O, TR R R, R R
FEIRBME T, B iR T 7= A il B &F 5K RN, B2 Bk sh
Jik &F 5t , i B RN, BT AR T R IR, ok
A i i VA B TR b, DA T R S R R 2R K
AR

430 o AR B 0PI LA B 78 k45 R R BEL 1k 1A U 4k
St T (B 40, 78 = IR A B b s F 4K ) 55 sh et )
T B 327 B P 28 04 RO B BV TR E IR B2k,
ERBEMHR, BTRAZCEMBEAKILH . — B
B, EIRBE IR E R 29°C iF A JF 4R O, 35°C LA B T
BT ME—A B BAALE . ARSI AT A NS
HWA TR, X LB Y (AN 50 ) 7E & T e B
S, 38 I P R G i 7 & kLA N O

4. KIRAT PR

A S5 B B A R VR T TR AR F R . fE R B
YR E b A AE VA S AL, B A IR I 2 0 E IR 4R
W L . E IR B YA — B 0 U R e ) B (G
37°C) , T SR A U 83X A B0, W08 i R R G A
S EF B B A IR R R AR T A TR A
Aok BN RAE R ERZHENER BEXEFR




188 10 HIREEMEH

598 R R O, AH OL R T L s AR AL 4
A 9 E o

10.1.3 e 3k — P PR L

J I N A B 5 Wi AT LA 6 5 T A - — 5 T, K R
iF 20 138 22, AR AR s AR, I B0 i 2 T e 4 R, AR
FEHLARBIARDT A P o AT LA, — s B BE 1 2R 4
JE LA X B B A B B A S N R, K R
R NEN BT T IIREEEL, AR EWRAR
S o MR AT 41°C i AR R Y AR EE 4 ok KA
TR B BE T, VF 2 A T O WK . 2 ORI R E
43°C, 40 SR AN R AT A Tt (A DA 484K B 1, 5L
VKK ¥ 30 By PR 25 ) i 44 il 2 K 52 %) IE K L D) AR
FOR A A=A FE R o BT ] DU bR S5 i B2 X T A R 9
K B 1 FH 5 40 TR R R S BOR R 9V AR B, B AT
o L 9801+ R £ R S R, DT AR R R, R
ek ] ) WC AR R A1 I 8 R R

10.2.1 &&EEY =P

HEFRF N IR B B0 S E B S B AR UE R N A E B K
oy R BERIETE R & A E AR ME YR,
FEATE A VR 22 P Z R R AR Y B K o R 2
ez Bk B B Y AL KR R A A A R e AR
JK T P 08 355 Bl HE H — 5 B A OK 43, VT SCHE K R
B, 32 [N F AR AR N B K g AR 2R A R
o BRIk, A 2507 AR R B BIL A SR R IE 7 14 K 43 Al
HABHREE , XMREDREMAARERENER
HAHERIr o WRAK N KA KA BLE R R E, DN
HE W AR R E , X B & fa XA dr . RN KR
KA, AR ARSI IR T, BT L URR R

10.2.2 fmR SRS D EM

HEME (excretion ) & A AR 23 i A8 9 28 5K 7= 9 HE
RSN R R o AR AR AR T A i R o ot A
JE T NG, P I3, 22 P I VR B 52 2 B AH O
M B HEH RS . AR S 5 HEME i 88 F A 0 AR
B, H R A AR A D BRI AR E IS
HE8 38 28 M HE Y, DK i 86 B HE HH TR LR 5 Bk, 58 2 Y

JiRHE H K R PR 3R 55 B (kidney ) , A A B 3 22 i) HE
e =

B AE R HEM 2% B B Th BB £ 07 19, AT LAMESE K

© HERERREER =Y, R E JRR%;

@ HEREN T eS8 ;

@ HEFFR N IE S KK H R

@ gFREBR PN . H AB AEETHE
MR E

® 4EFF R —E B BWE

J& 3 TS & P B T RE, BT A HEHE B B b 2
BB X 5 WD REETE4ERF NI BE 0 R E
HEHEEMEH,

10.2.3 B0 AP dor o B 00 HE T 28

B iR (ureter) | JB% bt ( bladder ) 1 bR & ( ure-
thra) #4 j T ANRB W R R 58 (B 10.4) o APRHEH B

AXSE Fp

ok fmk 23 FE

LEFE BE
g &
&

B 10.4  AMRMMWIR REGE (5] AL k2% ,1981)



R EAER, B TEEMS R, FENLEA
28—~ A2 F 223k K/, afs e, HiRE =LA T
Tl EEE 5B, A A WA R O 3R R
MEHEXRBIEN. BRETEHIAESE. ENE
TR 2 DR (5 AT & @9 5K, 7Tk 600 mL 2247, FRGH
A J5 bt 38 B A& 4

TR ON MR OB M B E R W A HE M SR
(K 10.5), 4B H K2 100 774 9 fig 807 40 A,
X Fp ) B BAALHR Ry ' B8 L ( nephron) B BV W H
INEFE NE WIS Ay o B /N A B N R R S B
(renal capsule) B &84, B /NBRE B A BRBH BN Bk 43 X
T i B — P 6 40 i A8 I, A K 24 50 A4S 6 40 i RE .
BN — A 5 1 RUE BE A L AR TE 2, 5 N
H L /N E AR E . T ANE o il N R (R
Pl R SOMLBE B Ak A B B Ak T SORL B ) Ny /N
JLR4Yy . m il /NE SRS B AR, A E S EAEA
B (B 10.6) . B 5 5 PR A E .

- 1] 2 ok A0 /N 2R

R

B 10.5 "B/ ({5 H Smith,1956)

B AT BB S R . BER X E A S AR
AE BERE M E A SRR A S R X E AT E D
BRogd A h NE L E L IFHEA MM EE, BA
FEMmMEEES, MBS 1T RAAEHA MRS,
B B ok e B P T MY AR A 43 AR Y A S SO B B
5 R Z B FE A S E 8 R B sk — & E

10.2 Bi&EY 5 (189

o N
WA e i A

e

]

2 2
e NS
gl o

Y

e Y “_‘_Y_‘:——"“"
AL X
= V——

.mm..
| .

WEEHKIFA

B 10.6 'HHRAIHEH

43 A BRI Bl ok 2E BN FE B N B A — R R
B ME R CE/NER) B A B BRB Bk . Bk
Bl K B I B /MA S PR 43 B 4 I A ) A LG N
A /. X S A0 i D A R R Bk LR
Jok ' o

10.2.4 JRREEFEERM?

FREEEHARDN, ERHPLHZERERG. N
B B 25 b i S J% Pt T DL HE AR B AR A R HL )
B3,

PR A B Y i 72 40 45 48 3€ (ultrafiltration ) | 5 % i
( reabsorption ) F143 i ( secretion) 3 4~ #2 . 7E B /N ER
AT IR, UE R 2 /N g P — S R
K53, B B /N 40 6 — SO P T, o 008 YR PR R 0 A A
FHER & A B e, B Je AR LR (181 10.7)

1. Bk

1924 FEE H A M 2% A. N. Richards 2 A H &
2 10 wm 9 o8 I R B B /N (1 10.8) L B
A RBANBBATHE DN, RN BEHABGR T A
EEAEA A, R E A AL A R BE R AR A



140 10 A FREEAYEEH
e BE LA e v 5 R AR 3 AR R, SE PR R R E M

J AR I o XS S UE W T AR (3 PN ) R i YR B
itk i1 98

B4 1M =

BNE

o)

ERW
a7

5 L

Jl\_—
R

B 10.7  JRA AR (fif B Eckert,1983)

B 10.8  F TR0 A I B /N BE R HCAE DY (15 B Evans,1946)

2. ERU

B /NER i B AR A R B 5 — 2B . B WRTE B/
BN E 2L O 40 I R, 7R T N e
W, 2 67% M ES 8% 3 B %0 th 2, A B0 (19 7K
— S R, TN SR T B b B R O 2 A R LR
eI e Y5 e o B R R N
/0o TEIT /N R i, B8R DB JRAR R 174,

3. ik

B SR B 30 it NS L il /DN AR B AL SCOKE 1 3K
) — S 4 J5 3 0 B A b, X SR R R HR B T LR
B E AR A DL . B B0 AT 4 W H A i
ZY R, H a2 Y) YRR DA R AR 4
Fo HHAERINXAZHERNGEHENY TR E
%eis th £V XEH T B TX85F, e
ES EAIRE s R R AEAMER, BT DL s

10.2.5 JREBBEIEGHEY

2o R U8 RO A o 2 3 A i AR i AR A Y R
WA JBURR R A PR K 3 B 1 L R B B T, LA 4R R R
KR RERE . TER N K T 20 IR 8998 & TR R AR, HE
HH B 7K BN 5 224 1A P oK B s i U PR B 9B o TR T
HE H 9 7K b

UL HH T R /0N O 0 R 2 B R P A A ey /) A
BEIEEWAR /N HR AR E S E W, Bk bk
o3 R R 2 Mg 4 A T T, TR T N 8 A R
kb, REENTAZRBOKDTE? XEH TES
B EC) S J) 4 L 1 980 DA B T 30 ) 92 3 R B
TER T — A BERRBE (P 10.9) o 33K b o JBE 466 B L2
H — 25 390 3L 32 e ML A B 7 AR G

B PR AR R A I A /N ER G BT 46 FE
i /N E SRR 4R, LT 2 E TR R T5% W ER LA K&
HRRE B 7K 53 B FE W M, BT R K AN — 2 b 1) ) o
U8 Y00 i B FF A /NE S L B 3 AR AR /N E
F2 H T 38 3015 38 AL B A R FEBERE N AME T — S
J I ) T A AR B B R o K1 AR R R B i 9B i R AR
A D8 WY S 5 R AT A B2 T B 8 B I HG B K o3
e JBE 88 R 8 1 114 240 M ) 9 P IR A o PR AR R i AR P O
LA KE) EshFe iz &, 7K 7040 2 U8 W 8% 30 b
WAL



4 800

10004, ___4
4 ]
X 1000 1000
A rs
1200 1200
(300)
B/ AT i #F

B 10.9 B P9I W B BB B R B (15 B Wilson,1979)

10.2.6 7K o3 W g i 45 B ——L Bl R 3
EMWEM

KA E D FATR s R i B R YE TS
ERE L A AGEENE . RS RO BUA R IR
(antidiuretic hormone, ADH ) ¥4 5 4 & & (19 /K 8 & vk, K
I, TP PR SRR 0 B OB RE 5 ) PR HE K i il
VRO AP R DR U8R KT, U B G L R A0 i ) K
BRI, YRR 2 4R G I 2 2 KR
Eo MBPHFIRE K FRE TR BEE, T E
i v A 012 35 AEURR B B 28 G, A8 LK 9B 3 TR T R IR R
B RGN, X S 22 TT R A 2 A WA AN I, AT
4 2 e 380 e K S5 -, E R 22 gl B 4 TR AR 282 K A
PR PR 38 30 v v o 3 e 40 i 6% 2 4, 8 2
BB PRI R, £ I R PR PR R K
{15 22 1) /KGR ok B 5 A RE [ 3 i v b, IV b K
) iy 3 95 325 T PRI, 328 ¥ 46 0T ¥ 38 s W s A /K (4>
T i e 228 43 5 40 02 T, D T ik 20 o 28 A
A PRI X 2 —A i S dstad 7% (181 10.10) . ifin BE
2 R R o A e 2 4 0 40 R 7 A FORE BCETR PR B

10.2 BEAY SHM 14

150 \
(50) B
320
400 ©
il 740 2
(150)
{ ??1600____
800<:1 o= B i Bh (I BRI 38 )
=P NaCl ] 3 # iz
o -~ Na'iZ3)
=T 200 1 A 2 2 KiE
(200) — REIEF
1000
1200 | (315)

EH TR EAE

P b 807 R n A R AL 9 B B E (mmol/ L) FES WM F HIRENBBERE .

o 2B L KAEER A G HALFR 0 (4 7 i SR SZ 45 4 1l i
AR BAL R B X P 2 R GE . AT A7 3 iy 5k £ PR 3R
AR T o R 48 R O A PR SR, 83 Ao R HE A

2
43 s 4

T4 J5 R
28 7 Wh AR A

ADH .
840K 16 ;
nap =

B 10.10  HiF|FRIME IR (14 & Eckert,1983)



142 10 NEFHBEHEH

SRR N . A S, A AR 2 o ) R R AR 2 B A
b5 | BRI PRI B, TR FRAR K 7o PRI, 241K
AR /K I, fy T 10 3K 9 175 F e 0 A0 il 6368 in 5 Bt
) PRIGE 19 53 W8 32 BN ), K A28 B 8 b R AT I ok
A HEH KRR R

10.2.7 bR & 5 0 D) ik B K W O fig
kB i B

PR B R 0 PR 2R B8R A B, TE M TP R
WA S KA XN LR R E B, LY 5
HMZMFEMRE. AHRERESEIRER, REW
P51 A2 g e A%, an SR #E 2 — 2 R 2R B ] 51 0R
B R B /NERE S0 AT 5] R BRI 2 A A
VA B /N 5 AT 5| B /0N BR 6 8 3 P OE W
QR B N ERGE E M A L B A A A
A AT AE PR H B

HTEEEFNFRSERSTHEZ/EM, B2
B2 A L6 B (' R ) WA fE K AR i B R
A Z RIS R AT 5| K S - 0 i P B9 A Y B
GoRE N B R |l 2R AR A (an A B 51
MIRERIL) . BB RARAE, K2R =
W o B IIREtL AT T GR  E E M EE. Wi2 Wy
o B 3 vy OE S BIR T o A0 SRR UM W e 3 A A B AT
B BT (kidney dialysis) LA BRI F 69 A FW . H
75 T A I VR T I B S A P A O A il YR AT R K

B A0 I YN B 5 B Bk 5 A AT 28 P A H 2 3 B ] AR
BB IE R G0, I W28 F 3 A G N 5 A8 A1 A0 3
WOHEAT W B A He, B 2% il W R A R (An AR
YI5E) Jo PO 1] AR A A R bk (I 100 11) o s 3 T U
TR LR ES BT R EETE A
JEE o LI Th R B A% AR R B F K oy 0 EGHE A E
BT 4 ~8 /NA 5 K o A W HE o 7E I O BT I AR
FH Al LAEAT IEH M5 3 .

1L 4 ] 8 5 B :::Qm
=

BT WL

57 88 1 BT A
Bl

S 0 B

10. 11 [ &M /8 B (5 & DeWin,1989)
BRAEERTE T RN EE R, SRR

R RS AR B B B R ORI B Z I . T4k,

TE ML 2% 5% ZR BT B ZEE R 54 (8] 1 S AR A R4S B sl

BWON -

- AR A AR T R e B A Y BIL ) Of 4 AR A9 AR E 1 o

O AfERER ST ANEEE S TAFKAETEIR0.1% ~0.5% i) 5Kk ?
- R R K U 5 | AR HE PR, AR PR K A oK 0 DR e 2L KA I S AL

- TEWE_E B E N R fH 4 A BE A 0 g K 2 R A A 7




1.1 AT i E e ) dE 4F
ST T

11.2 5 M e (% B
%)

1.3 R RGER I RE S W

1796 4F £ 44 K K
JILEER G
Wb Kk

— &Lk , % 9% (immunity ) Z 38 F KR RKFI AR ERGR S, XA —
NG PE, BA—FTEASHARREKTIIARKR, XERBRAKCLIERFE.
WA REIM AAF;F—FTAARNASHE XN RARGIZE, o,
BB R TARE LG A s f RN, LREZAATETAZ EAFA
BARAGER o E RIEEMA G mIIREF RER, AL EHRGTHR
B ABRNBEABEETALIHREE , FF,

ARIAT R RAK IR E R R, F—EABRRRRGRE,F 5
2 % 4K M #9 58 X %, 7% (innate immunity ) , 5 =38 By & % & o % % 9% (adaptive im-
munity ) , BP %, J& R 2%,

A B R R B IE  Jk  K TEA — J 5E 4
T ) 75 JFE P S B E S5 B o T L B2 bk
FF B B R A 43 90 6 i A B 40 960 2 0 R B 0
| {45 SE 0 TR BT, 20 8 o1 D B ) 040 5F 5%, 96 0 9
. B, A T O 2 A £

H-1-1 ﬁwuﬁﬁﬁ‘ﬂ;M% BT b pon e i ot B 0 B s 0 0 A6 5
R 1 42 113 ok B (074 K, TR B R A A8 o T R 8 4 Rt

5 — B LR AL A B A T O W B WAL B R 0 B ) U, 5 R A I R
B9 0 A AR B 5 o B KR T O R PR N I 9 40 B B B 4 R . )
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e 2F 2 SRR B IR, B0 AR 4 3R B A
AR AR A AE . B, A 3 AR B OE AR i A FLRR AT
PR o3 0 FLIR , (B 38 b 4E K pH PR BT, K 2 B
FEL B AN AR AT o 2 00 4 6 R P A 36 T 4 1 U
Bemf , AT RES| R BIE R, X2 KB Z5 Y
Rt 58 7 BAIE B FL B AT M . 7E PR B IE
WIS ARE AR LK S M. ERE,
W B RN i Wt A R G 0 I AT LA
WA, SR B A, PRIELLE K pH F1 b B8 15 3h
A K 2 B0 I A G vk A PR I8 T AR A o

11.1.2 KPR 5E K G 58 R A K %) b i
IJERT NS A e 95

0 57 955 SR 2R T A 8 R R, 6 1 4 ) i 7R
P 23 7 A S K S 988 2T LA S At A 46T 488 30 A4 B 9%
Sk

1. Bkt 4 5 K B

M 7 0k e U5 AR R B R R &k # % 5 BB (in-
flammatory response)O 'E'ﬁ 4 ﬂ’ﬁ'{k%ﬁ\kﬂ\
i AL 4 B AR B, B A o A A
B, I A AT B SO X R A TS & M2 v Eh,
1 A 7= A 6 T B ) 38 A ke 4 R o 2 e . L
iz 5 &F 8 S K 8 32 5005 3 3L £ Bk 3h Bk R 40 ol
B3 UK, B2 bk 8 4T 5 B 4R I A0 T
B PR A R R A B 5 (D R 4 iR
Fh 5, B AT LA AN R 1140 B 6 5 PR R 0 1B ALY
MY (E11.1),

Bz bk B A ] T 450 45 T A A 0 B Aok 2 0 AR A
51 e 1 40 0 20 40 i TE RS B 2 05 B AL o
1 40 R B A% 40 0 6 T LA ARSI 52 B, A B 40 i

BERL W AR, PP 4 A WA B, AR TS
HEB AT MK AR T AT . B 40 M il 8
AL 8 53 4k B 5 W 41 B ( macrophage ) , 7] DA W
FEAHEARE ., FA L SR RS AR
B (10 5 0, 2 {1 e S ) i 40 N R A BE 4 41
S A BB R o A A T LS o i — b AR K
F LB 9 A0 R Y A AR . AE v R R
Yot , — 2o bk 40 FE TS, X 4 40 I R — 26 3R 3R
LY IR BE 40 M B840 B AN B A0S A A — R P R
PRV o VR —Fh 8 R AR A VR . WY Hh B SRR
B IF 76 5 AR R .

JR kb RAE ANIE T R 24 4 8 A B 4> B 5] il
o 40 O L & R 4 B R 3E SR .

2. WMEERG

FE AR L A — S B 2% B EL A O G I e R
HRS, KA 20 FE AR, XEHEA TR FMEE
1 )% ( complement protein ) , iX /> 2 [ it & 48 8 #k 4 #b
KRG, MIARAMA

8 3k P R O 3T A SO A — B 7 R A B A
EEESSEEREE bR SE, S —R R
A RMA 5 0 T A 2 T B 4> T 45 A X PR 4 A AR
A LA AMATE ko Gn SR BORMA R (14 RS L
7 SCAT LA 2% 3800 oAt 0 #MA 5 7, T8 UK N, BT
KA FME T F .

33X 4 B 95 Ak A AMA 2 1 1T LA 22 05 T B A . A
B RMAE F R A fE— &I LI E &4, i AR
VA f 40 M RS, 0 A0 1% 8 —F K S i L 8 A 40 I
e IR A Bk, BT AE TS () 11.2) o 5 48 B2 4% 1k 89 #b
WOy 7 R E SR T REE R R RET 5| B W40 i i
kEWE AR RY .

BE11.1

SR KEE S AE KU (51 A Purves,1998)  DHURAYME K AIMB A . QAT BOEABMME . QUEMSREMN M EY KIFB W, AMEES

W5 | AN . (@) 40 i ¢ £ 1 RN G M A BRI AL OF AN LA S AN B ASEAIN . @41 AN AMANS 5 A BRI S | A AN, SRS IR



(a)

11.2  ¥MASF B3R 40 58 14 & (05 & Mader,1995)

Rz fLIEHEAMB . (o) AMAERHKEEBR.

55— 35 Ak Y R 43 8 T LA B B 2 E 40 A
) 4 i BE L=, 38 o0 400 A A e R

EL 1 1k B %&b A 3 7 38 AT LA A 3% AR K 40 B i 4H
Jie , £ 2k 9 KiE B .

15 Ak B RMA 43 7 B BT LA SR BE9% J5 4, i AT DA 3R
B0 IE % 40 M. H & FhAMA 2 1 1 F A A K T B
1ML 3% P A A ol AR 1 R, 9 R K R R B
ANERAT, T LA RMA T By i X 38— AR PR 7E 9 A kL
) B AR e i B4 B

3. F#=E

T4 F (interferon ) Jj& 52 55 5 B Y4 i) 40 i i 7™ A 19
REHEPURG BRI — HEE AR, A TR RN
— R ORI RN . 1R A AR RS O TR R,
ARTIME., FIRFEIFAEERIERHE, M2 R %% A
B 0 PRl A4 40 M = AR 55 — b B 4 e HE W A B A
i, AR PUR G, HAE MW TIMEAR « By 553
FhA AL,

AUETE R, T8 T A B T K 2 80 3 R 2
W, AR, 8K AT LLB; 1k A0 ] b
MR AR, BfEC HEREAHEAR BB THREE
FE L BERE & B B2 R 0 35 R b SR 5 K B B 9% B
B NPT E ., FHREEEH S ERE RITR
BCHPRR IS | 2 T R DA Je M e b i R S5 T A
g &

11.1.3 ik B & &6 A i ik G i i Je e 1k
(3]

HERGEQFE M ZHEMKEESHESE
(E11.3),
W R GER — Fh s R G, B K S 2 B A

TE 1 Ak e e i Al 4 3 Bl T

g
L

(b) (c)

(a) CIEALHMMAS: i A 40 68 0 40 M BB i fL. (b) £

MEE (LS. 1), A& D& A F 5 KB M
B, 6 40 oA B IR OO B A I R O T S B
B e ] 25 AR . — ELZH SUIHE A A LA R B
MER, WARKE . BAMNEEILSOKEE, KEE
CaikeE (ZFESE) IAKESE, KeE
PoA bk SRR, B OR A R R 22 B
LR AMB ML, RFICAZBE Tk, AkE

i b 15
R SET R
B B & xiad)

o | {(E
e
) ‘ Y i\ i K 2
Y/V‘ L ey
”’it\ W\ T 9 45

B11.3 AEMME RG (5 H Graall,1994)
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T RS2 A RSk SRR A O B o B, SRR TE A A B
B F#K. £ A8E FEkS EESKICE, #AL
JE o R 7K EEL A 1) 45 A B0 1l B R G Y R KL B
A, 1 2 RE a0 B D 1) F R MBS TE UM B P
Uit 2t A LA o B B UL 4 o A B B Y o
FBE B ¢ JUL AT 7 ot O PAT BEL L o B2 [0 07

I L 4% H 245 & 8 ( bone marrow) | i E2 45 (lymph
node) )il ( spleen ) F1# fi ( thymus)

£1 % #fi (red bone marrow ) J& 2 3 ifil 4 Ml i1 & U5
Mo AP IAH AR R RIR TR BETP A T UM, fEJLE
B, KR 43 % R AT L0 A B, TR A Sk R
ha BUE B A T IR LL R

WEEL 4 RO B R T 4548, B4R 1 ~ 25 mm, 75 ik
BV Ir A o K S 45 1) B Jil Do 5 2 28 A 1 f L N
LA o B /NS (B 11, 4) o BNk EL /N g,
AR A — 1> F0 006 K B 40 PR A R S . M R
S IF 5 I 240 L 37 85 L v o 4 R R 4 M

11.4 HEZEHNEE (05 8 DeWin,1989)

FEASL TR B 2 O O RRT , FLAE A S5 EL S AR AL
LA Al 2 o B aft, Y ) DI RE

i Jo 52 F B B 22 S Y B R R (P 11.5) o B AR
FEILEM B R, FHEE TP EK, G EH /.
i o s 5 455 20 2H 2 0 /NS L T K B 00 M A X B /N2
HOR . B AR 53 0 9 iR 3R (thymosin) , ERERE BT T #f
EL A0 A 5 A T o EL 4

B 11.5 JgHR (51 A Silverthorn,2004)

MERGESTERREHEVBR S, RA = E K2
AE D I B 240 M 1] B o 22 4% B 2 3 0 58 [ ok
V&35 5 @ 7E i 906 v i 40 K B 45 W R 7 , 9
AT 12 B R 5B K EL rh A A R R g 0
A0, 75 B R DU G bR Yo P FE A .

11.2.1 3 R P S 2 i 4 1

WRARE R T BRI —  IHB R, =

Bl R 2 R AEAE I o 3 GH By 2 2 B 0 4 s 0 DRLAA & R
)38 JO7 P 4 8 , P % S )V % (immune response) i Jif
R KRS,
_ LR AR NG, T EN&A R
FR(EE B KRG 20 RS 51 R AN = A4 %
X SRR S A 2 ) T ) 3 N M R N A o A e ] DL i
AILAA 7 A 3 4 e 98 IO 25 £ ) SRR R 5 (antigen )

T VP O RE O O K 2 A A T R B
41 8 %2 #E ( cellular immu-
nity ) Fl 3T & A T B9 50 5 I & (antibody-mediated re-
A% % & (humoral immunity) ,

F1 40 0 v f 9 TS 400 i 7 5 o M S N K b R 5 R
FERIME . R A MM DD RE A0 h T K 40 i A B
WELANM . T ME M5 40 M %RsE A K. B W E 41
SR A O o X T 0 B 4 B AR AR IR T B R
WRE T4, — kBT e & B R b A

(cell-mediated response )

sponse )



H B, AE A A, R E R X R A AR T
W EAAHL (T ~ lymphocyte) . 55 — ¥ 70k B2 T 40 e, 7E
B 2 W) J2 S5 7 L B (bursa of Fabricius) & & M # .
P, 3 26 0 2 40 M #% O B itk E2 40 Jfd (B — lympho-
cyte) o WHFLEIWE) B #1240 MR 1E B BE R R B R
. XPIEWME 0 EAR A & A 82K, AT LS B
Zia(K11.6),

11.6 B 40ff T 40l I 9 Z R S5 HUREE A (511 Raven,2011)

11.2.2 bk U5 40 4ol 352 50 N A2 3%

NPT 40 () 40 B B 1 #8445 Fh A R B R A
Jo, Herb sk A 4 A SUAH 2 PE B S K (major histo-
compatibility complex, MHC) i 4> F#r i o X 4r i
BT ARANBSOIRE, XM EEHALHE®HES
RIEREIR R B =, T A B SR d i 5B A7 7E . Bk
T [R5 XM iR LAS , A P A A M TR MHC #7 76
B ARNEAEANRXEH S50, EIE
WHA T A S WA XEARZENE SHM. KE.
401 B A0 H A B BOw R TE B AT R o A R e AT
FERR B 5 Fhrik. H— T ARETEHH SHA
REAFE B> Fhr&, B ERREESINE B #HE
2 B A T 9 B 4 A 2 B R, PR B A R BB K
8 o [R5 b BAS [R] B A, LAAS 8] i X% A
RENEH RN, — #4531 R 2400 4 MY ( effector cell) &5
AREEEIFFFRZ . 75— 85 4040 B ok e 42 40 i
(memory cell) A # (E 3, B 17 LA X [A] — 5 J 44 1)
FERAAZAE B 3 1M 5 B0 1) 2 6

P M T AL A B B FR R 5 g dE 3 A F
8 5, X — A AR E B AR 3 055 1R 5 (recogni-

11.2 3 7 P S A8 (R 8 i % )

tion) ; LUK, 40 Ml fz 52 43 2R LA 7= A B R B0 i o 2 4
FRLRE A 5 PO, K EL 200 i 2 fhe RS A 4 2807 440 D B A i
1A ERE o

FEAT— 51 A= A K BE B 40 B Y AR TR AR 3K
BRI . K 2 B9 B IR AL T S50 0 fid 98 40
FWEA RS T, SRR AR = 4E B
I EEL 40 i U i A R X AR R K 2 AR A A i 32 1k
orFo X R KBS A0 M an T RS AT B AR
JEHA

L AR AR AR A R A R, B 4 R
WA AR B AR R E AT AL . e R (i E )
BOHAL, BB TR ERR I ZIK,RES5E
Wi 4 i ) MHC 2 A R4S & LR - MHC Z &1k,
XA A AR B B 40 M Y A T, B0 Ok . X 4 A
MR E B PLR - MHC 2 &k — B 5 Ak 2 SAF7E R
T E5L 290 ML 5% A R ) 52 1A 5 5 {2 e A R R 9 S
TR 8 bR L 4 S 2, 7 A K 4 K S A N O B e
B (B 11.7) 6

1 26MHCHE
AFTEE T

B W4 I 2EMHCZE A

BT
L% 1

HBIPETAR L

B 11.7 5 w4 M hn T 4b BT 5 O 5 45 Bh i T 40 M B s
B ({4 Vander,2001)

11.2.3 AWK A B @ 7 i 0D s 52 ik
2B R

FEFATT B 1A J A 0 B I, e B2 40 iy A1 4 7
PURCRR AR C B A B E 7+ AR 8] 1 Bt 5 22 1A
oHe X A5 33K 28l oy Wi 7

BLAE Y S 8 B8 TA O 33X 2 Hh T U EEL 4 M P A K Y
SNBEVLEBH GBI R . — AR T e 40
B9 B 240 0 10 K PR 0 2 A (R %, H ol 358 O i DR 32
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Rt i L IR o (E2 78 40 I RGP, th TR %
A G5 % ) i PR o £ A [ 38 2 BE ML RS 3 (BT ) , AT
DL B LA E Tt EHE, M F—4 T 41 s—4> B
AL, X b BE AL HE B 7R R A — RN B S A
— PR Z A, XA Z R R AR — PR, 24
AN EA 10" A ERF SR Z A ik B . 24— b
LR AR, R — T ik B2 9 9 B 40 g i) 52 A BB R
MARGUE B IR IR B FFELH, IFHZHE G
X Fof b EEL 240 B 0 U 0 A — A S o b [A) — Y v R
( 58 BRI SR 38t 4% 2 b A [R) 614 20 M0 A A4 ) ok X BT sk b 4t
Ji o SR SR RE o b A S Y 2 T N A M A

FE— WAt — B GRS B & h AR B2 5
RéE HH DR B9 T 0K B 40 AN B bk L 48 M 0 3 4 o, T 2
A — HB 4 OR B AR MM FR P iC iz i . LR — .
i 3 [7] — UL, 3 26 0 12 20 0 15 2 S PR B R LA
W5, AF ek A 1 B9 BB

11.2.4 44 5 10 S 38 B 35

U R A & R S BE B 2K A Y T ) R
JO7 5 (4 MO S 2 ) A A A 5 09 B8 B 2% (1R R

SZ IR

ZEAAN

Bl 5% Ak

FE) o HNHE A S0 S N B 3 X BT D A R g
F49 4 0 9 0, o X 0 A A R I S A 4

BLAHY T i B A0 M 43 A () B 4, o oA R
PR B PE T K EL 40l (helper T cell) , i 7 50 B
A EE P T MK E 40 i ( cytotoxic T cell) o ALEAVA) T
W EL 4 R A X R T — Rl R PR SZ ik, X
SR A S BT IR A MG AR Z ., B —
AN A T O A B A T — B s i A2
A, G SR B A 8 B X R TS, XA T K B 4 st b
FTAWEIRE ., X2 T4 X A 5408 i MHC
EARKAER R . 2 — A4 M 3 T ok B 40 il i
5 E M KM E N MR, I E RS E R
J& - MHCE &K L wf, X A~ T 4 fd {8 25 52 ) ) 3% .
B 23k 20 53 A — Al B ME T 40 M o B[R] A i 2
BEAIEBUE - MHC & & K b 69 Bt 5 r 8006 |, JF 40 b
ZFEAR XA M T ISR,
B — A FERE . XA T 4 M i )5 18 4 1k Ok 2% 57 40
Jf B ACAZ 40 B AE , B8 — A 40 B AR B A A X R X
T b B S2 4R (B 11.8)

R REhUE
1 6MHCHE

b st Tanm

b b
R4

KHEA, ANk, FET,
e A BER W ORI

11.8  4iffi /v 5 09 %3 N % (5] B Widmair,2006)



T A F 2 2 P T 9K B 40 R ERU0 e AT B s - MHC
A RR A0 (145 © s S Y B 7R 40 i 5800 40 i ) JF
HKZ . ENE %o M5 L& A (perforin) 75 #1 41
JBE 1% n AL B, i 43 W6 B 3K 2R A 40 P AL 40 I 4R A
DNA, SR J& T 3 A4~ 40 5 2 it 55— 4~ 4i i .

11.2.5  Hitk5r S0 g m

AR B B A S R RE 5 E BT R A A B 2
Koy B ET S 1E B K E 40 M B L 6% A8 0 1 B9 T
&3 (antibody ) . JIT 47 B)PTR 5 1 HR 2 8 F 5, {H 45
—FbiiR D TR AL REE S —Fh U EIL A, biik
T RREARGE R Y JE, W A R R A A A R
B 119 Ronbiib ey Y R4 1 . X R 4 R IKEEW
B, PR EBEIE N Y TP RS AT, AR Rk —
BB 73 ) PR AE M SR LR b R EE AN E B AR A & R L
oy AR TR g fE5E X . HEMTEATEX, 254
LG IR 4S5 AL o A AT 22 X ) R LR Fr 41 b B A 4
PP I 7 BT A B AR RY o TR 45 F AR AR G R
T4 B LR B H 1 ATEAR
PR A AL

C

R EEE E X

I E E X

11.9  Hii& (51 Starr,1995)

SRR B B A Y B BT AR S T 7E A RUE E AR E
AR L AP S T i R R iR AR XUZ TP
T DU A S0 T B B B 40 A i 9 R A B i
g 4B SRS P 8 B AR R 8P OFR B B
TESS G AL, X A~ Bk B 240 {6 B B i 1, o A5 T
R, BATERDI—HEELHNES, E420R.
XEAFTHRA - ELEHR - MHC Z 5 4KGk T
BRI YE T WK A0 . TEALEY T 40 M 43 06 1 40 B A

11.2 @Rl (i) 149

ot

F-2(IL-2) (Rt B KA 2. RE 3
FERLH B 40 Ml R A R 20N B 4R ML AN 12 B 4L .
ROSE B A M ( SRR AR L) 7 A A A3 WA K B9 B A 43
T oMM HRE . ik T SRS S
Je, B A BEAAIN _EAR 2 LUGE B v 4 A AR A
AR KE (WA o Pk T8 5505 M
B2 b A M S ) e A AN B R R RE S TR A A0
TR E AR IR R GG o K S SRR RN 3 R AE L4
FAW R b 08 B 0 30 I 4K 5 5 28 40 A 1)
SRR R A, MR — KM BUR R BHEAF E
20 0 6 B , Ao — S 4R T 7= A A B K P RN T 2k %, B
ATl — BB J (40 AT 9 B B ) B SR T W N
g (E 11.10) .

FE—KRBERLE = E PR S 2MA T,
F AR PR TE M PR PR R Bl . PR AR 2 i VR
A — P BT A T E — S AR S 2 B SR
A B e B B 4R 2R, ) 0 5 kI AR 3K 1 0 R
HHRE.

11.2. 6

G B L AE B 4K 11 W 2 3K ik
k1T

TR AR NG, G N % 8 e e R R E P
PEAT o XSO AR E LA i BRI S A R EL Y . Ak
B LM N RSN FRT . XM E
6 0 Do 552 226 00 L A 5 W 4 ) 9K EXL 4 A 2 7 M1 Y
R ARRFEEARE . R RAHARBG, B4
ZURAEAMEE, K EEREME S R A
I B 56 2 18 B 5 A — S T i 2 5 A B K e AT
me, R PUEAR R . XS R E AR, AR
VA JR I RTRR vAE 1) R S IV Y UR BT B UR W B T N
I 08 B 1) 4 B, LA 440 i S A R A R e 8 14 T SR
P AR

11.2.7 S 3ERh 38 Bh A R SR WEF & 7™
o () % Yo Pk 2 95

9% $2 Fp (immunization ) 83 F 9% i ( vaccination )
2 LAIF R LA SR 8 N 25 Sy A e R i LA 791 B 6 b A%
QeSO . 787 s b e AT LGB 9 3 R ELOR I (998 —
1022) ¢ [ & W B 24 T By K 76 00 65 K 78 i 52 A ik 31 L
HALPRREE" . 18 HHEREEA E (E. Jen-
ner,1749—1823) ( & 4 &1 ) I 4 5 ok Bl Bl K7€
A9 5 1 BETE AR N8 & R IR BT R 2696 3 1 0 0
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Bk

\\ |
_— _ lzfiﬁmfzgmﬁ S —

\ bt @ IL-1,TNF
T4 N~ IL-2
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11.10  HEN S BRIE N Z (51 B Widmair,2006)

19 i 20 ¢ € ) 2% % 9 1 7% ( L. Pasteur, 1822—1895)
(FEN D) IEM T MAD RS L%, A8 T Kk
Uk 4 [ & W (vaccine ) FH o T B 1% e i o B W L 1Y
AR S FH R R W T M TR T AN AE RS . A
EWA 3 R R . O KiIGEHHED, ik a H iz iga
FCHTF I K% I ) &5 09 & H & 7, 73 R K3 /9 45 €
I A B 5 FERE s @ 4 B 1 B AE W LAy SO )
fCRE B, Ak BR B IR £ W 19 B B BR BA 1 i R ; B Bk B

B11.11 B (3] 4 Newman,1924)

B R, B0 10 iR Y B K R R R R RE . X 3 K
PR 7 30 O B A AR AL 8 AR P A ) R R
JOLZE P UCHE ol U 5| A IR B R LA o T IR BB £ 1K
B Al LLGE AL A ™ A B 22 66 2800 4 L A C A2 40
Jf, 42 B X AR OC B B I DR 3 o X R SR B T AR A
Eahrk.

J— T e T R S L, i i 52 FH X KA
o S A B PO A (T it 3 ) T AR SR BE o Bildn, I &
U T O KU J , HE Ol 37 P A K ) 0 s XU
A, T LA R BE 0 W45 XU B IR e A o 9 Bl B B AOR
FREEIA I, oA BEA A B B R E 40 i R iCAZ 40 Hd
EAE PR, B2 e 2 BG4 A o X b S O 30l H
T B 20 IR e B Ao A, G T 45 KL BRR 2 A
CHRINFRFHAANT. h T EMNRFARmE(EAR),
B Ao SEOROE R N AR

11.2.8 g BEHUAR & SC 58 = fuilh IR vp
34y i T H

1975 4E W i 5% Th i) B8 52 [& $1 4K ( monoclonal anti-
body) i AR R REH AR KR BEEM, LI HARGE
PAIE B b B4 A R S B BT (X X 2 B R



20 M A TG R AT N TSR . DAL 800E I 22 A A
9B 53 S Y B MK L A0 AR T LA TR SRR AL AN, 2 AR
B B A BT RE A  JE R I M A S B AR K —
BAAT UNT R R MR bk . E AN THIFRI0 5
14 i R R 0 S 4 ) ek R 40 M) 5 R
F Y Lo TR E DU G2 69 B IR B 40 (A
BUAS ) il i — o 2 3298 A M o X Rl 2% BR84S A
AE TC PR ) 4t 23 A G, el T 3, 8 BB AR AT
TR BT (B 11.12) o F A% 3008 7™ A 5 5e [ T
VRE 7 B R P AR B E T A .
e 70 4 T LA FH Sk A 2 JE G O 4G A A T 51 O A
S EAE RO . B S RE DAt AT AT BB T REAEIRIT,
IR e B DX 4988 40 L 5 1E A, ik S O P DT R
o B S 45 BRI A M o i AT LR X B AR KA
A Pl BB

11.3.1 5 ¥ 2 45 it ok B ) i

B 2 IO K A PR O B R B 1A B B AR A AR
B9 JELAA o SR T XoF A R B DY) SR R S E L A R AE
FR AR OL T X 8 By SR A Y B 2 17 B R AT LA
HE PRI o

1.3 g RGMhaes s (1610

1. 8RR (TSR

— e AR IERR R B Y, ek Ry B
So 2G4 W R A A B R R K R B At i A
7 A SR B R N o X A B0 AR A ok S R R
BN (allergy) o BET| A& i 8 L K W 3 R O OO
(allergens) , i B I 4y R B IR BRI, HK
R 5o R AT AR B R BRI L B S T IR InE B R
W 5 g | S A o O L o 3K b SR 9 B, AR K B IR
Jr Al LA BOAET .

| 2 A R 5 O L ) PR R B AR
B PEDUAR (IgE) KEA A, 33X 2o i 55 A8 K 40 il 55
56 o XL MR S BURSS A i E 2 R A e —
KM ML= o XS A 5 ZU A EF o i B W4 - i
JUUSSVE A, AT LA 5 380 1 JER £ fieb | B s | 37 5% 6 8 P K fiop
SESEAR , 7 E AT LA B AR S . BT IR 25 )
BT, AT LUET I R AR . B SO B — R BOR , B
35 | o R N ) BB, 7E — 5 I 1] PN 52 7 i K 28
0] SO ) ik i, B S B OO R Ik

2. BH%RER

EIEHEON FAKRGREREAT LR AR S
HERT ALEA SR, BEXFMERLT, 8&
PR T B E A S HWHR, X EEA SR
$£ %% (autoimmune disease) . & %X AR 00 59 5 R R A
BE. ABRERAT T AME: BERREA S RE
ARG A SRR, fERREA SRR A
itk RS — & E, 0 258 HR 1 P OR R i b g BRORR
f% TSH 324k, 5 5 WL TG 1 v UL P 9 2 Mk A Bk 52 14, e
B R RE RS h R B A S . REEA S R
I 2B, Pl R GEHEABERRE, R IEE AR
By 4 B I A8 4%, T AT R £ BT IR BB T
B, ZWTHERAL (15 ~35 %), XX HERXT
R, R IR KT FOE T b B, AT S BR R
IR . LR R RN B 3 £,

11.3.2 %% & % 5h ik o il

S KA1 5 S5 B FE R (immune deficiency ) /& 5 4
ok, ZLGE= B K E 40 M sk T ok & 40, X 59
B = G N RE 1 AR B PR e JE A T BOR L B 2
JET,

A Ja R IRTS B B BREE IR o 3L o S e R
N2 G e R B T B T 5| A %) ™ A R 2 BB PR L XK
FE55 16 B it
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Ul-hw!\)—

G R G BRI R B A Y 9 S A 2

3R T 9 B2 290 0 7 40 A S 8 1A ok S e b B 4
il 8 ARG L7

fn o 5 A T IR i B A B

A At A G B Fe T T LTI BT A5 e 7 R 4 Aok R 2 g 1 7




ADWMARG SIERET

12,1 AW B v
12.2  HHEsh Y A i
12.3 HESRE

e i F i R B E ——BEEE (47) F
V1B g s

AR P EIANBERENZAG T DT LRSS, HA—, ARA
Fo 2h Py AF A — A B AR o 4T 1E B 9B BRI 04 AL, X RARAE £ A Ao KT 54 IR
R, AV ZE RGN B IS E S G EAE A A RIR AT IR RS G iE
BPRERELN LERRTHAGER, ERASERAEY OB F LS
TR ATHRIAER, WS REENEZE R KBRS IIKRE IS0 7E 3t
FRA — AR

Yy IR PR R 3R (hormone ) o 33 7 IfiL # HH Y ok 2RI,
EMERTREMREE, " ERENBL. EMfR
A R e R Y R I AN 1) 2H B 3t E R B S,
At R B H GG S 5 R, WA BLSE TR
12.1.1 #Amtei ERERAKT . MEAXRAEYRSEAR, BN Ak

WA WA RN LR RIS R, R REE BN T 40 M 45 4 1
Jf o X SEAEE B A E AR E R (PR AR R R IEME . WO A A W B A
PR ) FERR 2 R R S B b . X8t B A 50 T 53— S IR AGE S T R S S W) 4 0 B




184 12 NSRS SRR

R4h . P, X 253 W FR A Y 43 6 (endocrine) o B T
Vi 3% R A A AR ) A% K T A A RS PR R B LA S Ao R
BRIV T o 5 P R T A L, AR Y ROBE HE
BRNE, E TR 5 22 i ) bR I, A A B Y b B
iz

WEMEMALT S A5 :

(1) 4EFFRAS;

(2) RFEAERKRELT;

(3) fRHEAEFH G 3

(4) VT RER T4

(5) MW7 H,

12.1.2 B A BLE

AR, R E B AT AL 2 AR T L 2 o L
TS 7Y .

(1) EERE SFRS MR BRSR EH L
J B TR R A HORIRBER A KR MR ER REE
e e RO R 5

(2) ZHKE MR UM IR (XFR I E
FHER) ;

(3) EHERMAY WHRREFLRE . EH
B EARERE;

(4) JEEBE  G0'E bR B [ B SRR |

PAL 4 BT IR PR, —RERANEME &

FEEAMR K BARERNT Y 55— RKEREEHR
(steroid hormone ) , X PP E AN EALZFE SR, 1
HAEFAPLHI AR

Bk 2% (E. W. Sutherland, 1915—1974) 1965 4F %
H 88 {5 8 B ( second messenger hypothesis ) 3 i B¢
FRMRVE LR o X FP RGN R, T 20 T S
FABHE RN A5 . dr 43 D6 240 i A 3 BB 40 M, X 8 ) R R
R, AWK BRSO N EAY
PR, T B R TR S AR . XSS A
Gl Z ARG AL, X R AL B R S Z kT
B R B IR T R 2R AL B (adenyl cyclase ) 75 44 i
o MRE RN — W5 32 K&, 5 — 1 XX 25 40
LS o B R B Ak I B 0TS JS HE AL ATP % 4k B 3F AR
HR (cAMP) , c AMP 5] B 55410 61 2 40 M b 5 A 1) B
BN AR, (8 #E 40 M A AR B R A ARk, 3R
PR RBR T 51 R & R AR BN . cAMP R T4t
SRR ORI R BB B M N R
TR N B cAMP FROG 58 A5 (& 12.1) . 4
N A B R 15 i ( phosphodiesterase , PDE) {fi cAMP
AL R TTIEER) 5" - AMP,,

WS —EME B, ZMBMENE G2
cAMP , R /E 48 S 0 S anfaf S WR 7 R [R] Rh 25 1
0 LA A () B 3244, FRODR R 40 B 19 32 4K R 45 6 42
RIRBR (TSH) , B F R B 5740 B i) 52 4k L RE 45 & 12
B LR B B E (ACTH) , Jir LA TSH Fl ACTH 3R %R

//

, - \
P
3
&
%
5”5
“F
=
'.V'/ﬁ
AAA

41 Ff Ji

S

P . \\
ATP N

5'-AMP

P WO B 40 IO B Th R

S

B12.1 85— fir i A e



AEfdE 20 M 7™ 4= cAMP, {H TSH HRE i AR IR 40 i & 2=
J 7 T AS BE A B b R B B 4 A & AR I V. ACTH i 2
AEfS B b S B2 J5 40 1 A A R T AS RS F PR R 4 i A
HE IR o AT 4 i RE 4 52 2 Fh IR B9 R, X 2 B
FORA R, 3 T IX JE A IR A 2R 32 44 53 5
5 R BR A5 AT A AR

KEREFEFEHAAOHLE S & A MK AR (A
12.2) o XRBEME /D1, BT B A4, EA]
HEA ARG M S5 A K AR AR B A5 i R (] 12.2a) .
PR PR RO A0 M 5 5 A0 M R R S A AR S T (R
gia MWK -ZEREZGY" (K 12.2b), X
AN _RENESWE—ENFZMFT (NEE
f I BE ) o IR RE AL, 5 3 0 i — R R
A B AEH, e 2 % DNA K AR e 5% % {5 flE RNA
(mRNA) #y i # (& 12.2¢) o mRNA ¥ # H &% B, 2t
AGR R,  BORE AP R B (AR ) 895 8, AT 51 R X
Foft R B A BRSOV (B 12.2d)

4F ¥ 40 i W

(a)

(b)

©) mRNA

BEHR

(d)

B 12.2 2% [F RO R A AL A

12.2 HHEshP ik iasy 155
12,2 HiEHBEOEE

12.2.1 HHeW BN 0k &R 5

HHEW ARG LS ALK L RR
JE R o BLLA NS N 43 I ZR 8 Sk B hn LA BA

NEW 53 R G 36 2 Fh R A AL, KA1
VA4 0 40 i L B 4R TR B N 43 0 B, 0 3 A ( pituitary
body) | H R i ( thyroid gland ) | F JR 3% i ( parathyroid
gland) & |- I} (adrenal gland ) #1014 ff ( gonad, X FR 24
FEAR) (B 12.3) A B e B 8, an S B 9 N 4
900 A R ARA N 2 W R AE AT, a0 R i ( hypothala-
mus ) (#2240 iR BEAH 2145 . bl AT DL P9 0 D0 44 i
ARABRHFETHTWEA .

B 12.3 ARSI AT MRS

12.2.2 Wi ZGESMERENEKFR

AFN B PR A B H 2 R GE 15 4 43 08 2R G T R TS
ARG ZEA TR, UL R Bk R & — > EE M A 3,
20 {42 40 4EAX, ARE 2 07 B TR, R BT (G, WL
Harris ) 4 tH 1 F F i 8 5 B 4K (18 12.4) i & -
PR U % A0 AN RS R A A B E R T F
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12.4  FlRMALE B P FEERBK T (65 B Eckert,1983)

JIRi FF) o 222 G D06 24 ML o 3 22 T Y R A X UL T OE R R
&) i - AT TR R BB A M . 2T
25 43 U5 0 O Ao I A TR T AR 9 Y R T A ) 4 A%
38 PR A B A i, dh T bk i 3 A2 3 AR I A 2 4
afg 410 ) A A DA A L A R (P 12.5) 0 X — 2
55— WA AR 3K A 22 5 P9 43 A R YT AR G Y D E
Gi—ilk,ZBRAMWEL. HX—FRER RS
P UE S 38 0 2T A B T oG A 222 T I A FR) 9 5 R A A
i 3 B R AL 8

S AR FFILHER S ) AT T T k)
M5 WM W2 ERE TR (K I2-1),
XU R 2T Bl — 3 AT Rk ) 3 AR 2 A, 9 Y 4

it 3 A% Y R A 0 o R K 8 B9 2 R S Y 4 o
A KRR BR o R R - R A - R AR
T —AMENTWERGE. EXDREPALANT
e i ) R 2 A ) S R A 5 O T 0 A R i
AN R A ) R T P R I Y S A

wbk  TEE sy

B12.5 TR - EATTIKRL (i @ Eckert,1983)

F12-1 TERMBRHATHE

WE AL EEMEH R

i B b AR B ROROE RO R BRAEMR ROR AR R BRECRRRRL  O UOR SO 43 3 5 £ b AR B RO A
il 3

(TN E ¥ 278 € 3 BRIEMR AR R R B AR A T 51 A6 4 9% 5 FFODR AR 3 4 o 3 i

R R M R R R R BRIEMR U O R AN B R R MR (55 s R (o) R R R R

BT 730 5 B2 P AR B ER VR L T R A R 4 5 A

K 14 o 22 o 3D £ AR o Bk

A B RO R BRIEEA A KR R ALK i, A58 70 384 4 0t

A 8 3R R A ) R FRAEEAAR 0 AR R IR R 15 8 51 B EE S W, TR AL B P AR PR TR

A FLF R ) R FRIEAAR 40 e L F R i 7T B A L 3R 43 2 Wi L 6 2
BA ] 5 24

i PR I R A ) R PRI 400 R R AR R R R T i B R A 4




12.2.3 kMR RhhE

S AR S N NS R T A QU e
12.4) , MAMTEAXRETEL 0.6 g, K/NNMBET, i IRE A
( adenohypophysis) #f 28 3 & ( neurohypophysis) B
SR . MRAEAGR IR TG R & W B AL,
Z R E TR AT P28,

FAREN RGP A EENAE, R AN
HESh B9 B2 40 IR, B R B AU B E ALK
YEF T EL AR 23 306 JL e 38 3R 43 ) S P R L b R B S5
ELR R 04 35 B . AR Y 32 B R AR R, R
i 308 et %o A 5% & ) 9 Y SR 5 o G At P 43 B R 69 T
g, Rt FERS EAGIERREMERES N
WA FR GLIK AR A,

1. MEEAIER

i 2 T A R 80 b 3R - BRI PR R (UK I
FHEZ ) A= % (oxytocin, OT) . X 4 7 i K #B 2\
JIK S AE T FC A A 20 40 i S ) B A R A
RE ,ZEHEA MM, XA T % — B
SiE i 5 o 22 4K (LI 12.5)

PO PR B 0 = AR AR R AR A KO
AR BE K 7E B 4 A I T A, PR O KRR L
FIRVERM . XA mEMEHACAHES 10 Hhitigd, &
W AT LAS | A4 P 45 38 43 15k 3l Bk L 7 1 LI 4R A
JEAE R, 0 LA SCRR I8 T 3R o

fE = E AR KR E PRI RERM . &
AR P T LI o6 F R 258 B o UL A UL L Bz 440 i, i
Z Wi FLTE BRI .

2. BREKNIER

BRaEARRME 2, BT T MR
D 25 I #E K i % & (adrenocorticotropic hormone,
ACTH) ,® {& R IR 3 2 (thyroid — stimulating hormone ,
TSH) ,® 1& 5P # i & (follicle — stimulating hormone,
FSH) ,@ # &4 i% Z (luteinizing hormone ,LH) ,® ## %,
# (prolactin, PRL) ,® 4 K # Z (growth hormone, GH;;
somatotropin) ,(@ ¢ 22 % ( melanocyte — stimulating hor-
mone , MSH) , X263 & £ IRl F BRI R .

(1) fE#¥E LRMFT 4 FEE (ACTH, TSH,
FSH LH) /E F T oAt 66 P9 43 0 B, 7 A2 ) 2 B 2 i), 5 4
P LSRR 2 K" (trophic hormone ), fi2 BF #3 ¥
F AR R LSRR A P R R (gonadotropin) o 31X
S fi R S E AT R SRR B TE 8 R B e IE R

12.3 HESES

TR ST A 614, T LS T P A A 14 38 3R T I A 008 o

(2) EK¥E SAKBERAEEAR, AEH
AR ER 191 AEERAR, B FRER
21500, AKMEAMMER BRRRKEMERKMR
A, HoAh H HE S 9 A4 KR X AR EE

A KSR R B R A R, A A, AR A
Ji 3 K S BRI £ o B LA B B AR R ARCE BB RS
LA R EEMEM

NG = A4 KSR R BRRIE, E KM R
Wt 2K B ENRE . PR AR E B B /N B )
KEIER , S5R/MERES WK TAR. SE AW
K#ZEnrwdZ hTFREEHRCLBUEARELEK,
AR BEZHTHE FREABGHESFERKR
I AR K AE . X AR BOR WA R AT RE S
B e AR A AE B9 LB K R AR KRBT ROR R 8.
MECRHAEFNEAEARATERANERKEE.

(3) HEAE MAXBEZEMNIEREMILIEM.
T 0 YR 6], 76 1 K7 (0 ME SRR R e L R It
FERT, AR BESTRE. ARRHEAT EE
B4 i 2 1 FLE AR D5 B B R

;;;;; ;

12.3  #k!

12.3.1  HUARR K & S5 AR

B AR R 43 SR B, SR 7E U L R R
B PIO(E 12.6) o

B 12.6 HURAR
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12.7  HURBR0EM

FROR R 8 960 2 R, DBV B A0 R R 2 b B A
o (6] 7506 ¥ 50 i OIR P B (1 12.7) o HAR BR o83 |
B 4l 53 90 7 A AR IR R, R IR R (thyroxine, T,)
A =it B R R R (3,5,3" — triiodo-thyronine, T, ) , #f
FELT, BT, D — AR (F 12.8)

1 I THZ
I I

PR it 3%

I I o
HO—@—OD CH,— CH — COOH

I
=R R RE R

B 12.8 HURER B E 85 X

FARAR R (T, T,) B9/E H i & 4 5 Fr A 19 8%
Ho HURBRME M 2 E RS s 5 A i
e ARHFERKEE  (RHE AR, EHHFRERE
WRBWEIZMSE ., B ILERERRBIIGRIKT S
i A= K 32 B B A .

FRBEERWEPRMEREEE KT AR B
i, T L 2B A O B I A5 B 0 B WOAR IR R A
RERIERIEH K EF. BILBAEED S AHEXHE
A, T a4 i 4 S K P FROIR IR Th BB AR T L
AN R BR , KB AR E EH . B RHER
IR K F A 25 # R /MVEE (cretinism )

KR R ] 5| R R AR D) RE R AE (L 7. 1. 8
(4)).

12.3.2 #fPREMmEE—WRF
¥ SE1ESoF 3

FFAR 55 B AR PN B /N B B A 22— |, R T X, 7
FFBR B 6 75 T 5 AE HFOR IR Z o (] 12.9) o HURSE IR
43 W6 IR 2% i Z ( parathyroid hormone , PTH) ,  Ifil 45 ¥
JEE A 2R AU 00 384 PP AR 5% R 00 M e ik PR OIR 55 IR R, R
RS AR TE /N i DB b R SRS DA R N R A
B R R, D B RRARAE B NE TR E R, S5 R
o L B5 ok B b T, il A R R

PR R F 208 96 55 4 I 3 43 b — Fof B 45 K ( calleito-
nin) o e I BE A LG 5 | 08 V6 55 AN Rl R R RS K . BR
B 2R LA T R B A, A 0 BN RS B L
F14) L R M, A AV I 55 P MR B . RS R 5 RSB IR R Y
PR FIAR S, B R4 28 0 1 P S e, i L G O3 . A
RN T BRI AR, BT RS RE A
o 4% 2% 1 R S T SCAR R B P L VRN I S o R R o
BB R A R, 4R KR WP S B RN R AR B U
BKF.

B 12.9 HARFAR ({5 & Junqueira,1980)

12.3.3 S ESHameE—HY

B ¢ JEE i 8 &
MR A P, — R IR ML 2L, S WA T Ak
B —RKEBRBHALN, P BERBAAZ D, BNS
_'*gﬁo
AR A LT AR o TR & 40 B 2 2 AT L4y AR



SRR JUATEG o A1 (A 4RI 240 o A0 BB 15% -
25% 4> WG 1K 32 ( glucagon ) 5 B 41K (B 41 ) 24
o 0 S T0% ~ 80% L4330 HE % % (P 12.10)

S5y 41

- A2 A L

B 12.10 JHES S5 (05 A Silver thorn,1998)

TE 19 20Kk B 28 Kk 30158 IR i 14 JBE 5 43 W6 0 b
PRIF Y 5T, 20 20 43X Fif 1 oA B2 B Sk A T8 PR
I3 W00 S iy 44 A IR 5 3R (insulin) o {HL T B A AR 762 20 21
O3 U R A R BRI R S R, BB
1921 4F hin € K 75 4F £ 4= PE 4E (F. G. Banting, 1891—
1941) ( 5 Hif 4 18] ) 78 B= % Bt 2% 4= U1 i 4% (C. H. Best,
1899—1978) BB T , 95 &5 FL 7 114 JB At S 4 il Jk AR g
LS 40 i A T U st o B 5 TR A R B AR AR L

1. BBRENEA

o & 2R bk ST A S EE R Y PR 4% IR B T 4 AR 1
A, J2 C R ME— B AR R B R

i &% 2% WAV 1l 4 B 4 AT E 45 0 R 8 L J i 4R
T T 240 Y 4% B A AR ) 2 5 48 n JUL PR 4 o
2 W %) 30 35 M 12 2 i U 00 e R oS T 4 R B A 5
10 o) G TR A o W S A A R A SO A e . R U
BEE R BV TR FE R RAMW EERZZ
= R T HERE IE AT A A KR A AT B

I 85 2% 43 W B VR YT R T OB B MR RE L 4t A v
BE T+ w40 B S i B vk B i 6. 7 mmol/L
(120 mg/100 mL) Ifil ¥ , M4 B 4 A4E FH T 18, (i op
B B 240 JHORE T 64 e S5 22 o, JBR 5 3R 4 im0 B R AIC
A AR BE 5 24 10 e BT R st ) o) 38 5 3R 0 ik 14 1A
3 RN )7 Eh 7 35 Al

ANZE W) PR % ( diabetes mellitus ) 4 # fh 245 5 . 1 %Y
Yl PR 1 2 B BE BRI

1 ROWE PR 38 o & A fE Lk L E b, w7

12.3 MES5KHEES 1589

AR R B AR A B S SN TR, R R D
RS R AR AR R R R R, A 20T K T
B ER o XA R BAL M. 57— Fh B WE SR, 2 R
Bl DR, R AEAE R TR o O R R B 40 A 1Y 43
15 3R B, SOHL A 2 20 R 8 3% 0 SRR AT

BLAERE PR TR YT RO AR 2 4F o B35 I 4 s A 1
R T 42 W KR, PR A 28 AR 7 B8 A &, R AT 3
32 Bl LR A A8 ) URE R AL, BEACE S il b
TR BE o 1 BUWE PR o5 8 3 I 2 B W s b o ik T O
JBe i 3 o FP AR N SE RGN I R R O PR R
Wi — RSB E R 7. 0 mmol/L
(126 mg/100 mL) Ifil #& .

2. EEmMERNIEA

B 5 v o 20 4 06 D JBR T O B B O 29 R AR
A ) LR 2 K, AR 4> F AR O 3 500, B EAE
FH 5 T 5 ZAH B, AT AR 32 O D 0 o A, o ol R -
Ve SR B0 5 B 3 A 1 1 s 40 A , 30 VMG 4 7 o 1fn
W T[T 4.4 mmol/L(80 mg/100 mL) ifil # ] 0]
PLUELEAE T I8 5 o 20 5 1 R JBR o i B9 38 144 43 0%, ifn
W BE b DA o 48 0 23 A U 20>

12.3.4 ' b JBRHE 004 9 25 i 3 3 2
B2

NHYE b B 55 6 5T P 4 4, B TR AL
85T A AT (BT 120 11) o 33X P 38 40 i R R R U AR ]
bR ERM AN WA E . B AR #E )R (adrenal me-
dulla) 432 52 3¢ B b 25 3 iE

N BB 5 40 L 2 22 4 W B IR & (epinephrine )
(% 80% ) ,i& 57 i 2 B B I B & (norepinephrine ) ( £
20% ) o X MFRIECR A RIAEVE 2 r A ] (A R
Mz hb, fEANES T EREEFEEH,

B EARBE MR WERAERE

B EARE TR B ki A W B UL A T K .

B R R E BT SRR R AR R R (IR R

AR, S S T s A I W BEL A7 5 515 i T S 0 L
T B A5 24 JULMSC 4, o (1% 6 UL e AL R L ke 4

P i 2 AL P R R D6 S i, B R L M
wEMmME AR SR, EF ERENERT, R
N AR AT 425 30%

PETR FEVS (RS I 2 WSl B AR ol B 45 5 98 RT L
R ERRFR B WK AN, B3 (E =P AT |
R VR R o AR i R RV 2 25 ) (43S G kA 2
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B 12,11 B bR B RS % (5 (1 DeWin,1989)
ok )t B 5 | b 50 00 Bl o T A K R
Je 2ot T A 28 rh oK A S IR 28 SIS AR T B

3 [ A B2 IR B FC R A 20 fiE 42 20 4R 400
B REE D REHEAT TP 2 TSR, fBATTIAe B Lk
i 158 R ) By B R — b I L, — A B T 3 W o A ek
#8543} (flight or fight ) miCH: fth 75 2l i) B A % 24K B
FBILT] o 5 T T P R R A W, R O
I 3h g, 2 LA F I A 48 00, B 2 e 38 n L ol X
R AR o K i AR SR N 4 M R B A A T PILAA
H9 R

12.3.5 BF bR BE 00 N 0 0 R 4R K 2k

o i 6 5 14

W bR B i (adrenal cortex) 73 4 2 FP K, 2 —
NEZREM NS E .. B LR BRAAL % Ea Ll
434 3 2, BRERR A RO AR AT (B 12.11) o BR
RATTE S SN, B RN 53 20 5 i v figf S5 AT B £ B
¥ % ( mineralocorticoid ) , 3= %2 J& W [& Al ; 3K W 7
6, B 1L AN 43 U8 5 v W AR5 B B8 B2 BT 8 R (glucocorti-
coid ) , 7 B IR e I 5 PR A U A0 5, B AN A
WHER R ZEWER MR SR A R R B
g &

B bR R R R A R A A BT T P B Y N 4

BB I A Wb B Eh B S ER AR B R R 4
5 A i I 675 19

1. EERHENER

B 5 AR Y A R VR A P Y A ALK
oy, LAERF AR AS o 3 B2 IR i 3 B 0 1 [ R 2
HE B /N X B S T %) T TN B T 0 HE iE AR R
34 K B T W, TR A G 9 0 R N R R D i R
SRR U

2. MERMENER

Bl B J5T SR DA BE T (AL AT AR ) O 3 B A B
5 B AT RS A, E AR A LU L

e JE B D A A o (R 2 T 40 MK R R e A R
BRI, LA n JEE R L, O 455 Jf B v B2 #X) AR 0 B R, 4 HF
1A P9 AU 9 TE 5 21T

fie B T b 21 2L 3 JBRY 4o il A, 38 x AT B 4t
A

e N 7 B9 o fle A . IR B B R R £, ]
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