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/RE (R. Virchow ) 8 “HAMRAERBEMME”,
BRETAREN DB BMNNEEMR, X
‘iR’ #IT7TEEMNHR. “AEFIR BH
TEME —HNAEZEM, MAENTAETE
NERRIIAIR, METNARREARSEHTR
MRE. 21900 £ 2/, @BEZ. HEIK. &
K. EREREMHREHTCHEERELRIN. BEEB
HEEREBENDBRERER, AMNEEEWMEESINARAEHINNEL (B 1-15).

4 FE R B R Z B

1-13 A A ERIRM R IR
il

1-15 DPEEREE



BFRERBEDNERENSIhEE
MIRE

1930 F, A LE—BEFH
FTEMEBERE, E/EMURENMAE
HiEt—2 ¥ K7 1000 £; 1937 &£
F—EAWMBTFEMEED, LA
EETEXMNAREKTESEHE. RIFER
MNMAGHEBEFEMERREEHINMD
s, MERN “EEE" FiBF
Hkm (B 1-16). 1945 F 2/, A T

1 5
RR. REA. SHASEEERE . . H
0 e s gy 116 SEEET (£) MENBET (4) AR

MRREHIELE
BE. 1972 F, XERFERFR (S. J.

Singer) M7= #& (G. Nicolson ) EEHBEXRANHATKR, L 7 HMERERO RN EHR
BE, AMINABRNERS5IEEES 7 ERNIAR,

MR FRREBMAMVRRZEBBOE R IEDh

1953 &, ZEEP FEYMESRAFZ (J. D. Watson ) IZEEYYEZREER (F H
Crick) RIL T DNA D FHRIBEEE, EMFENHAAREANI S FENFEHK. 1990 F,
AKRERAITXBE; 2003F 4 8 148, ARERANFEARNK, SFHENAXERE
IBEREMAXRBFARDEGTHORERRE.

EORSEMENEEAREN TABRINEARNOERE. 1959F, RERFRMEX (M. F
Perutz) 1 BEE (J. C. Kendrew ) @iT 74BN MAEERNNAEIHNNIEBN=
HEER (B 1-17). 015, FIRBERAEESHENSN TR RE s ERBITEERE
M, EOREMBHERREVASFYUR (WHEXR. BEAR. NS ) NIERRE
BHRETEEZER, LRAAMIRITAMREMREKE, WCAR-THE TAMEESREEIN
BERIS B AR T 2.

1-17 AMAOEA (£) NNLER (F) ZETREMERE

DEHBNHRZE, RNIUBIANERGHNEZENE, BEBERZERATK
HHNRBRAFARPOENFEA. IERARBILAXKNEINERSZREFRRZE,



2 R A R A

3. REMAREEHZIEBHENMEEEZ

TEASRI R, BRT HAZYNAESN, A —Fh 40—
[R¥Z 4B (prokaryotic cell) . JFZ% 40 T 55 A% 40 I AH Eb 7E 45
¥ EARKAR.,

JFAZ 20 L 25 TR o RN, HAR— M 1~ 10 pum,
WA A AR, Has e B b ey e, 3R
PRI AS DX R 4042 o JAZ: 4B HP A 40 it 2 — i A A b
A PR TR 0 AR B ) A= R R SR A AR . A R AR A A P
W Z AR — R A Y (B 1-18) A, Izt td
E Al NN [0 NN VALY QW N 7 < R

1-18 MEEMEIVE

WA (HFRSE) REBOCHETE, &HaR, HiA
ZRiA, SEHBER AR BRI RERES T RO BRI B AR

ElF#iFiil

I B#E

2[R F AR R 4K

YREE — F£
E XM &N T A
BLBEBRIAENER
mEY BERAR
0.1 ~ 0.3 pm. B 1]
Al ANBE IR
B, BEl. REMKRE
ERBHRE, BESI
REMELR. BER
EMBIRIK

KEKZE —KF
FEEME RN ER
MHRERZEY BRY
702 ~03pum. B
{1ar 3l#&2 P BR . /N LB
K. BBES R E 2 R
m. WHEMEZABHE
7w, BESRRERSTE
ESEXEMYMIBA
EPN G NS
B S K ENYIRY 0 D
G ABE=SI&EMRK,
REABES| A S MAE-

fiRERREETE
BT KIARERE, DR
B4R 5 7] D I 5 il R
P, AL, FENMNAZ
THAEZFINZ 25
P, BT EAB TFE AR Rk R
XUBS o

1. ZiEaEYHFEt)EnERESHIEER, DRIEREXEERSR5I

BEZERRXZR
2. ZONRIBABESHEARESHUNERER.

3. BT ERSIEERFHNBRE, BTR&ZEN. EREN, TRERIK
HEMEWE R, MTESHPEBNKR, THRERRRNRE R ER.
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VI ziams

20

A & o

mE/NGE

EMEEMREGUNENERENNENEANZE . MAEYFH
REZNWRRIMEYNEB AME R R RIZ I SUE £V R EREBKX
Fo EMEMAMRELARANINEZFRER. ITRIEF. WIERIPAEK
BEESFE M NE, SHINNEETBETHER. TVFRBEEDNEHR
ZHHEL FIEYFREEZMRNTRESHNELE. EwEANHM
2 ENtERE-

TRRARFILEYFHNEZRR. REWNAZHTHNERAME
R, FHERER, ARTEENSIERSRE BOUR. BE. LXK
RIXREMIL, NMABELHSIAFTHNDR, #-—LHRR. B,
GHEZFIUREUNRZERRREHTINRRTHNERRIE.

MELLBRNEPHRUARMEMEWALAE: TIERRZXEYE
EERZEY), PHEBEYERZHEBEY, EVHENEREWSINGE
UeHElE. ARMENEREYARESZH, BHEEEHABRER. A
BEETHEDENMBENEAREL. RREVHERREHZERERD
iiliiak

EMEREAR, ZISHENZFRESHFHIMNNRIEDFEE
BHEASERAMERL. RENEAR. 4TRSS ARERRE
FTHMEZERM. EYFE—NIXUREN, E@NLTRRTNIRE, £
ENZRRNEABRBNLZE, AEHABRALIEFTPEINEYZEN
AT TN EM. BIINRARNZHEMENSGE -1, BB TURRIWINRE
mittF. ARAN. ARFHRNEZELNARSERESEFENNER
B NERENMNZEHE, ANMENZERRERAES 2 BNHBEEH
K&



o

FUiEin

1. B 1-19 EEME TUEINEYMER, CHEMHRI, AURREMTFERK.

1-19 BRI FRIEYAER

(1) MiEERFEMAEYHEBIHELE ( )o
A. 2 Fh B. 3 f C. 4 Fh D. 5 4
(2) NEIR A BRI XLEARBMAREMS IS E B HERK. Gl

(3 )1ﬁTJEl)#EF'EmH’JiEH@ ZHNRBEBESSIMEZEBRNXR.

=H

2. 120 RREABEYERBNTR R, BHFANEALEF R,

1-20 BER (L) MEFR (A)

(1) MTFTEXMREAREBBIZ ( )o
A. FHABR BT LA B W 223X 7 i A )
B. EBBIRMREMREREENEXM/MEY
C. ARBENEN, SETHEEERHTREE
D. HEMEMREMAMIEN, FHERLEATEESER
(2) 121 RERMBEHFUZEHNNEE, EERLTHERBERENTFHR, TR

EZREPREBBINFZ ( )o
OEmMBEERE QOHEmMAHEERIE OEDIE
@MY Ok iRs OmAaLEBmME A
OMETHEBMMIRA
A. QOB B.@GO®B®

& 1-21 BHREBT
C. 600D D. Q@O e AT
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VI ziams

(3) PIRTEERNMEFEBRESHAERAZ ( )o (k)
CERBRMNEE, NEH, WMAERER

CEERBRESABE, BMAERR
CEMNARNE R B - REBREMA

- EEE WA

(4) REEVNELMERABPEY)? ERALSEHARESENEZBHHXRR -

A
B
C
D

. MRHEZNZERTIHNESTPIMNEYFEEXINSR, RERDEAHFRAR. 15
BIZEATLINMRRELL A FERM .

(1) /NREFEMEE "HHEEXRFF, HEMXA" WRKE ~E£ET7—1DEM:
FAERREWMTHEHNAR? REEVFRARBINERLSR, NERFE
TRELXMHZ ( )o
A BRI B. g1t C. D EHE D. FHHEIL

(2) AMARNAWEMSIBURELMWHLRA, THNRITATEMRAREKNZE
( )o

CER—RAARBBE. B—iRZzMESI50RE

CERARRS . B R %A S 0S AR £

CIEREEFWZM B AV S A 308 00)X
D. BRABET. B —ibm 1M Z0800)KE

(3) XAZFRM: EZBEREHRPNETERKEEFAMEZHNREA, aWR
ERNERFEZW. A TEIXRARAZEBENEHERNZW, MRt
TRANXWE: EREZENBEKFR, DAIMAFTERNS5%. 15% KA
B (HFREER ). MIARERIZRENRHELERE ( )o
ACIERIIRADRKEMEZRMARSNE, SEHETT
B. 1850 10% MIIRE A
C. XIMAZHEITARIEBEEHI R
D. IBIREBKER TR

(4) NAEMFERRINF, MESEEIURANEALEANLRIZITH
EARRUG?

O wm >

4. FEAEERHP BRI SSEYEHEXINAA, EEREXLRE, BLEH
BEEBER, EFIRNRENIER, BERMEBEETHRNENFRR; B
RIBERN, BEMLESEMR, XHEWMTHARR, EEEIITMERE
EHEHERFIRITITREZRARR
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24 i) 89 53 - 2H Y

HBPNESHNNEEZMZERN. BEXIEREIX LB MAE IR
ERNAAERIZRZz—=HHE, IRAD FEENSRINMAEE
EHEAR. %R, BXNERFEVYD FHERE, @AERATH T
Ko REDFREBEEHMEN? EMNEENENREEBEFRNIER?
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HEIC. H. O N. Py SIXEEMLFITER, KM RRERRGE

3 Bx FAHNREYFERZMFE? HSL, AP SHANRAIRE 2%,
- W E R E A A A B R R amiE sh A2 — RSB S AR A Y
EE. Wy thig SR AETT R AR . SMOTR BT R

- EFAERA

sy | EMAT? RREGEDARTEGE AR AR A TR

FHE S INEE B SARGES
MBI TEE KB
BAAR.
- b A ¢ BB E K SR IA R
mn 2K AR - —
CHBEEHC. H. RPN TER S
O. N. P. SEx%x o ~ g s s
4(@5‘1“ E'ﬂ]uﬁﬁ%ﬁ 18 ﬁéﬂﬂﬁé, ﬂ—?—%ﬂ]ﬁiup%ﬁﬂ’\]'f{—?—éﬂﬁkﬁﬁﬁ
HEBEEE &N BETT7TH. ISEAMEPRRAFEN O M ITED,
e ABFI0MEEMETNAALEN., X2-1 2EDTEETA

TR, EXABROBTPINSE.
*®2-1 B TREARAR. ERMABNEZINZE

(HHERTENB D)
TR AR (%) | XM (%) | HF (%)
C 55.99 43.57 0.087
o] 14.62 44.43 48.6
H 7.46 6.24 0.76
N 9.33 1.46 0.03
P 3.11 0.20 >
s 0.78 0.17 >
Si wD wR 26.3
Hith 8.71 3.93 24.2
BESHES:
1. WRAHRPEE, =R IH A KA E KA
P TESHBNHEERFR,
2. AT AREARENERNTERBEAR? RRE
HERRE?

24



C. H. O. N. P. S ZEmEHbERNEYNHF

1.4MEEHC. H. O. N. P. S &
)77

A=W R T B TG R AL R S AR AR A R Y T R A AR
INA 25 AR TR AR T IFEHbse rh 4k 3], 3 —
FOCE YRR A, T SRS A 4, EH
SR L) — 5 HJ2, A5 H7e rhon 2 W 401 22 518
K (2 2-1), REET AEarAorrikit.

MF 2-1 FhiR mT DIE 2], AR i A K A 2T
RHWIAMML, C. H. O, N. P. SH B 540+
FAY90% LU b X SARMR A A G, . IR .
BG4 5 AR IR T A4 G (| 2-1), FrEd]
PR A, HEAREZHC. H. O, N, SHIW, #
FREEH C. H. O, N, PHRL, BERAMIEREEH C. H,
O ¥fil, mILAVE, 40eFZh C. H, O. N, P, SZE LR M.
ANFEAY AT, AR, IR IR BRI S S A 2R,
TR B A 2 .

2-1 BREMMIRMCE AR A RS E

NS A 2R &S LMot E, FOBMEITE, W Fe,
Zn. Cu. |I. Mn, B, Cr. Mo. Co. Se. FZ&, WMEILEMN
ARG AT R 1% 24, AU BAESL LA W 40+
{EOR AR i, (1) SRR RN EE TR,
i A o A R A RN I 2 T O T B AR B (7 FR R B
T98) . TRECHHERMEL = %, RECT KB st & Ehny
T, ARHPTIA T IEPN .
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W5 F Lk

26

2. n R RiEABRIEREND F

BOTER G TE A 40% DL b P AR . BESEA
Jig Jot 25 A A ) AR 5T n] AR R BRI S A=W o)
Trb, IS A R e AL T A A S, TR
XFRE R T4 . Bk IBELL Hi5E (C—C) XUt (C=C)
R, WRREA— . BIRARR AR (18 2-2).

E2-2 WmEBREREE

M 2 Y T RR T, — /N T,
U A B A R AL, MR B (AR ) Al A
RBELNR . WAWESEA W o> TG G, s 2R R0
EAFFEA (18 2-3) 0 XEEIEPHEA A A= erE, 4
Yoy ¥ BA— RS 450, JRREIEA TR E L2 O X
WIEREY T BAT R E LE Y IR ) o it

EER - — R 1 AR AL IS — PR W R SEA B
2-3 YD FHERARBMAN FEMTEE



C. H. O. N. P. S ZEmEHbERNEYNHF

I FBi#E

TRESAKER

MERREE, TREARPFERANAXNAREUESENZSPORRE. BFEMETER
NSEMFEM, EFRIATRL. AEBAMERREFAESNNAFTEARNNEZE, E
ESHELERAOKE. H1W, & (Mn) E—XRBRADEAE (Mn-SOD) BBUEH, 7
AMMENASEPREEEEFR. 1 (Se) EBMERKIENWES (GSH-Px) A ER T,
SHAREN, REERBENMR. MEXZAEHEFACNLEEEEINE, BREEEAN
BN BEE, BRAXRBORENYRER. AN, MERR ‘I8" BHKITRIATE
F&, USERA —LEUFLRNRKIERERARTS. TILOTH TERNBENEBNEE
A BT, XHETREINEHOMR.

El#iFiii

1. fR¥ER 2-1 FRIEMAIEUE, BE2RBENURRSBEAREHNTRESR —EH
==
2. #HFIREAAC. H. O. N. P. SEEMMMABHNEEZETE UREYD FEIAKE

NERH.
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#3815

s BEOHIEAR, A

RABRHPEAD R
FEINEE

- BOUEER DR, W&

BROUEERDFH
EHENHERFT R

- HHIRBEALRK

MESETBEE.
[ERF 2B
K&K

o iR R B R R

B, EEREESE
BIREER

MaRE

FEEREAEERS

FEM -

cHIEMINEEER

EHRTMH. EH
FRHINEER T &
ERF5KHEFK
= B &1 .

cRBEEARER DT

REMAA-

cHRBREMEEFSER

28

BERER
nFo

H £ ¥ K

EHRMZEEEEZN
YK 5 T

BRI MR E R ERES, MEHZE %5
PHERN M TTIE A AN EE B AR N EE R R E S,
ee& s, MZRAEMEF SRS EEER. &HEMERZ29
BB REYIR T o EE BRI+ R 285K e
HIZhRE & 2 A ERERRR?

ERERNGEHSIEE
EMAANEERMDEES, NESH. EXR22

b, IHEMRFANENEBRER, BERER, HHE(]
PFEaBRNRE. —H#=E5HENEENRE

x2-2 —EEARMNEMSINGEE
EQR | Fhaa &R
= = 23 Qé: g as
FSs Pup I =T EEEE T EINEE
. ERERIIE
s EHRE
2
3
4
ll.A%‘i]'—_l-le
1. E/NEEZERAKINEE, PRI EEELR
TEEMLEINE.

2. WBRAREERND FHNERERMES=HTHE
K, REETS L LEiL?



EOEREREEENEYAH T

1. EARREWEINEERKIBH

Mg HAGRANELR, RMNEAAEYKTEBR
(protein) MYFNS . S MITIRE A M. EW AW E AT
21K 10" ~ 107 Fp, FERZE4NMEh, EAFR LS TE
(1) 50% VA b TEAEPIARN, AU S 540 S5 4 AT,
WARE YT, Ae it MG B i 55855 2 2 M0 A
sl (K 2-4),

R (1 SRR 2L £ A
45 ) T AT
SR I 9% 2 iR L ST
PAT L B e (R
y Mty WS
oo R EOR U L
HEHCHIREIER B i A

2-4 ANMEFRIMEARKENEREE

PG A L PR IEE A S EARE R, B R
PUER s AR B s E R 25K BTN TR
F P2 R 1 25 AR ML R 45 SR A48 T s 4 i v ) i
REBOEEAT, AV NSRS R
MELE A AT E s REERER (PUiR) PR
ARG E AN A — L E AR MR, I A is
gy AR LR — IR A TS Sh R 2 E A S S L R
Fr, Wi, AT E B BUR A A s sh i) 220K H

2. EHEHSERAENK

HHBMERZ, HIRREABUKME 2 AR, B m
FEARAEHEEE (amino acid) 41AAY. HiBk & IERAY
MAARZ, (HALSAE YR E B R R IERR 7T E A 22 Fil,
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IR 5> F 4 5

Hrwg WA 20 # . BATESH L FFE a2 bk
J - 2 PO AN I O ) i — AR BE (—COOH) . —
NEHE (—NH,) . —PEE T (—H) fl—A- s (R F)
(] 2-5) o AN[RIFhIEEIERR A X A S EE T R ZRARTR, dnH
AL REE-NAFEF (—H), WK LA RENE
HE (—CH,) 45 (&l 2-6). RFFpa i MsE R B2 A
FR AR BT, vl e GEK) FEEMME GEIR) PIRE.

2-5 RERNERER

I FB#E
A FaER
AU EEE R A
RESREE AR 2 26 REMEREBOEMT

MNBYHIRE, Fit
MAaFERER, W
nak. smnk. WM

HE. HER. XF SR T K dE AT k. — NIRRT IR
b bl Gt 3 (—NH,) Fl — RIS TR 3L (— COOH) ki &

LD B )
FERUIREE (B 2-7) o PR REIR oy 3d aod B 2 I B K

&l 2-7 @ﬁ@&ﬁ¥ﬁ%7ﬂﬁmﬂ/5}3 78
( S5 IKEEE R HORE 2 o0 B 1~ B 38 B S SRR S )

SRRy Tl IR, AT A [ EE Y IR
AR KB — i 2, U — i R JIKEE IR A
I HEFI NP Bk by i IR 1 & FE R e 41 (18] 2-8) 0 AR 2
R EFEIR P AU . ATLUAE S, 26l 26 o 3C R nl LA
A5 TR TR BAIRIRRE 20 Fhey WL B MR Y AR 45 AT L
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EOEAEREEENEYAH T

fili B — Ml 1 BUH A AR A A SRR P A . Be b, — i 50
AN G SR 20 B IREE T REAT 20% Al A Z LR 7 41, 3 IF
paast7/Lu NG e S WDk B - E AR 2 e

B 2-8 T4 AR ERFIREE
(P RENFRCRERRES )

3. EHENES HEMEHEX

TEARRE T, BFEE B R A f i i 2 B 254, X
Je Fh I BEE i 3T B A 2 MO SOE UG o 3 1 J50A% 25 1) 45 R4
P IRBE IR IR P A . A B R R — SRR A,
AN R o3 AL I h 2 A IREEM A, AN ZLE Y 2
IRBEAREAERIE L (& 2-9) .

(A) 4l (3R ¢ 23 H] 454 (B) MMZLHE =5[] 4544

2-9 BEARTHEEREE

I &

ERRT RSN
B9

EHERNINESH
T REHEETERE. &
FREZEIT X F9&TT
HERENEEBRT
BEM, REMEREE,
FiEig R AR
BEART HEHMET
(B 2-10 ). MBEMARE
MEARRNERE, AT
AR ERF5 . 8
1D 1+ B AL AR A TN AT B8
M= aEE. ZEE TR
BEZEHARKRTAEM,
ANBEERRBIERE
( Protein Data Bank,
f&# PDB ) &if.

E 2-10 T4 3EE
T AEEERE
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W5 F Lk

32

HH A e -5 RS E 2 [ 2540 B A 5¢ . pildn, FL
bl 1) A A R B RE G UM FLBE > TR 5 A &, R
BERIE (PRILERS 4 55) 0 i TaE p PRy =S (R 254 5 L R iRy
SIEDIMR, FEIREE P — A O A BRI, =
i H R & AR B R . filn, Stk i 22 st A oy
MELHE H R — R R PO EFE R e, (8 B i A
RETEGREL L4, FELLMMEL . SR,
BN, AIMTE S LA BRI .

ol SRR . 9 AE — LE P il I R e G R
2[R R A, SRR AR RESZ 2, SRS e
ko ML e 2 T B A A B A SN 2 — i R B A 1
REmHesk o

4. BEHRHZREERE ST

& (nucleic acid) f5e- & 7F ELAZ A0 0 4 A% v R B
AT ERKNED RS T, FEAQEREAIE. —RENEA
MR, TRk DNA; 5—ZJE ik, [iFk RNA, F%
AR ) DNA FE e, Lok RIT SRR Y
A /LR DNA; RNA I 33250 e i i

HEBR (nucleotide) ZLMALIRINIEA AL,  H FLARAH |
i 5 0 PR L P 2H R (8] 2-11) . DNA 5 RNA w2 i #%
PRI TLRRAEAS ] : DNA PR, RNA il 41k
DNA (A% 1T BR PR A i AR AL AT R (TRIPRI AR IR ), 4
A% RNA FIA%H BRAR AR R

2-11 MERD FEHREE



EOEREREEENEYAH T

AR AZIT R (SEMETTR) 51, HuR
I VRN SR (BB ) ERJR AR A, X0 A T o S
FZEATH . DNAFIRNA 4 F 44 4 Fhds 2k (K 2-12) .

IR BE & I £H A% DNA
5RNARIZEBR D F
MABaR? BEE
AEHERNZR

(A) 20/ DNA ) 4 Fh i &%+ R (B) ZHi RNA 4 4 FhiZ 4% 1R

[E 2-12 ZHBE; DNA #] RNA I E R &R EE

(D B BLERNE, R EREME, PRRBRIRELN; T RN MR mEE, C R RIBMENE, A RRIRIER,

BN, U SRR RS IE )

H th LA 2 PAC R 7> T4 . AR o
T, A RHTR B TN -5 A QA% TR 4 A TR R AT 7K 4
AL U E AL AT W — A - BRI - AT OBRRE Y,
Bl (57 T2 B ) —

5. RBMEMEFSEEEEEENEDY
s

DNA J3 -3 5 &t AR R R B b i il 32 A B E %) &5
ETE—EIE R WEE (F 2-13). 7E DNA 2+, A
TR HESIF 28 & 1 e 5 E . BT IR A 4 %,
{2 5 DNA Wl A R B A L, HEFII Y 248 . (I,
DNA 2 0] LB A s (5 B A AR K

RNA 43Fll 7 2 04, Eiih 2 584 E BntEis s
ik, EEARMA SR REEEEZER R GRfES
dEAL ) a3 M) o B4 BRI B L (5 B A E RNA 43Frp,
W EHRTE . SARS T . BIRUERIRIE R o

GERY

& 2-13 DNA WHEREM R

=E
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AR5 F 4 5

ElF# il

1. BARAFARERDFHRAR ASHEEHEI.

2. BRANEWFHIDNAFREFTHREEFEREREXR, BEEARERBUNEEEH
FHI. 1E5HE M DNA 3 FHIE AR BRI EFZFR.

3. E=MaER (Hak. AaBRNBRE ) RSEENZOMK? 185 H AT
A ZRKo

4. R ERENOTNUERIN: AREGEMERSMERE -1 ( —MEED ) B
[ERHBENEE, #HAMIN[EREN, ERENEENEHEARR. O
BERIIR &

34

\

478 P % & B9 EE B R 0 00 48 B R ?

BEANEOAREGKERN—, BEESHENL25mTm 7 EohseEd, AW
o, MR WA EREBEZRELORNE? UNEIFIRZRIIEERX (A. Ciechanover ).
MR (A Hershko ) MEERIFXRTH (1. Rose ) XBHRHTZTE - Ea®EER
(K 2-14), FHIEKEFT 2004 FENRELFEK,

2-14 ZR-EABKEREARIETREE

TER—MHICNERERABNKE, VN NFHREGTSIEBEIN, BEE
ZHARNARAFNBEFHLERZS Fo ZENSHNEORBRRIBEEE—RIIEZZR
HMANEES 5, 1981—1983 F, AT ERS=NURNZERRAAREDREANLZINT 52
RHEXN=F08s, D2 TR TLEE(E1). TXBEH (E2). X - EEEEBE (E3),
—HMEIMEERN ESEMRBMNRARMRIC L —82F, XEFRCHNEOREANEOEE
KESY, WHRBH 7 ~ O NREBRKENERE R,

HAMNPBREIBEBS —FLJLHARENET, JLTFAEMN E2 BT REH
E3, ESMET—MRETHARTHNBENELSRERIFL, REXEECBAHTHERE, &
MAEAEDPEE 30 000 MEHRRNEZOE, ©RIRANZEFICEINELR,

BN XfECRERBRASKNRT, AMIEFHIER T A0 0mEF @5 XA
DNARBE. BERHE R, HEMEENRERHSIR, URARAEERZIRMERRS
HESHRAESHEMERT4, BRE—LEE2EEXEREELE,



3% BEAAEREARNENY
B REE RN R

B ATNE Jo 2 T A 1 A 7 v £ R T R 1 Ml 21 1 W K8 77 D ot

IRBE AL HY H 3 A vE B 2 R o e TR, WA Tl #3 BiR
JRnS? AESARE BRI A BRI R R DE? FEBE AN, H
RIEXOXYRE
12 40 B P B AE A«

s BB DR R
A 8 B B 5T 4 55

EPRRNEXRMER MR &M RS
SEE T EIEF .
R23PHME, BLEREAEBN, BLITRLER PELERE,
BN, BERESCHNETRARMEENMIR, £0% x%ﬁi?éﬁ
vy ‘E‘?ﬁ & o A ANE 1) N R N =] EE
HER, Beil#dizozsE. S EE
X 2-3 WERHER
€E
r . P maRe
s s e : cEXB S MK
Mk | EBR | RB B 77 LA 48 £ Bl 5
1 R & A AR W, NE2%aiEd
2 B4 B 2 &t HIBE B R -
- c AEHAE R AT 4
3 Ekahid M8 E M5 INEE
4 rE R EEER.
5 O
6 AHERE
7 fE [ fi2
8 TE )
9 fisk B
10 FHER
BE5iHE:
1. 4R LA MR T 9 X 8RB 2 4 2
2 MEXFISRET AR L EMESS? SIEHM
B 4 B 45 B L 4 R 2 AEEWRME I 4
EHEARTE Y —.
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1. ERERERMEBESEHER?

¥EX (carbohydrate) fAFRiK/AKILEY, HC.H, OLE
HHL, 3+ — ] 5 W C(HO)ne WEEZIGAEMERIN Y,
FEHER EE AR FE, ANURGER AR A4S 30 T 75 Be
YR EORVE, 2 A AR S 0 AR SR, i A
A3k B U 224

BEE MR IE RRE KR B B AT B . R . RbE
P FUBEI IR 6 DRI T I AME, 7 FaUER R CoH,060 Hi%
WS AN A A T6 Zh A B REVR Y I ; M AR R T K, FEK
VTR T 2 TE R IR RS M (1] 2-15) o AZAE AL
AN B 5 IR T Y SRR, JEA AR B FE

2-15 HEBWIRE

TUME  CUBHIE AR H P> B 22 i K 45 T i 4 A — A 1Y
BE2E (18] 2-16) . W WLHOBUREA RERE (FiZabE + 88) . FUBE
(iAW + ~FEZLRE) MZEZPHE (Rahl + Haghl) &8, BAR4
BCEAT BRI AR, (H53FUER 2 CH,00 0

H w8 R 22 i R, 2 U H el S
PRI S RIFLIT R S A FRE KRN EM TR
AR R FURPANZZ ZPRET S 1K, SO B fiE 1
AT LKA (1] 2-16)

2-16 ZFMEHNEHEKBREE



T R A I 09 22 10 5 ) RO BE S

B HERHTZ (100 VLE) B T2 5K 6
BIRERIE I K+ RN KZ UL ZHE
FETE, MR T EITERY . 274k % DL shi ik v il I 4545
JEF ALY (] 2-17)

VER AR IR MRS RE IR R s PR, RRURCIR | fif
FETENFERAAR . R | BREEFIFp T

W SRR sh AR BB R I g A7 T =00 T 1k T W
(RIS, 2 RGE i 2 TR FLIA , A O T 7K A
PEATHEAT o GEATAE A0 A rp AR R AR DL, i A7 78 UL 200 i o
(RFR R U S T T %) 5 SR 3 i A5 I AR (I 38 H ) ) 2

W) KA MUBERET, S DR A D g e Ah se 2 M

IBE R, & B BT o
YRR AT TOK, R A ) A M RE ) T Ry, TR H
A iR SERZ.

I Bi#&

anqar 4 i & ¥ 48
A E9E D

EMDFRME
B, ERERRK, SH
DFERNESYE
BRERES. WA,
iR E 8 R ME R B
o0& 7 W A B 4K Bl iR
TR HB, URE xR
Ee. NWABEER
HFE-

sty e\\\\\\\

TR

2-17 ZEMEREMREE

2. ERMEFHAREEMENERER
3

BERR (lipid) BRFRARSS, AWk WA IR . #lli

FRERERE , HILREREEZ —JEXER TR

RYHHZHEE KR
Rl B8 #E f5 71 BE 4% 40 B

M. A .
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2-18 FERR 7 FHOLEH
TEE

38

AERR IR U5 2 oy H RS T R AR By, R 1
HAh 7 b 3 IRIR, WA HM =N (/& 2-18). 5
U7 PR 2 v Bl B AR A R BEAR O, B S R Z TR A L
WATRUE . BRI KB K k. IR A P AR RERCR fi
B, B AR AR NI SR A o3 i n] 7 R 2 37.6 K
BB, 200 s A MR AL g e AR e i (29 16.4 KJ)
RIS . AL, e SRSl A A A i 17 ik EAT 9 /0 B 1A 4
UK AERFACRIEE AVEHT, A 1R R AR TRV B R Y
ARG, KT ARWTATIE Ik 4 cmo oA £ PANE A8 B ] 6 A s 7 s
RECRAP MRS, FA Zenl Rl i D RE o

BERE  WENR > TREPIME T, t KSR IR AIE K R HR A
o HPOKIT TR, AT KT, Bk IT
Bk T, BB SO T RET (18] 2-19) 0 A
A JERUR R XU T2

2-19 BEDFEMREEKERPHIHIIEXREE

[ g R DR 7 o s Ak iy AN A [ e 7 i
R [ o I Pt st ) 200 i 5 ) B B 25 i, e
Je A MR | 4R R D SRR IEORE . VERGR BETE AN
WA E R T LB AL . 4E4E 3R D REARK
(e Sy g A e 55 R (4 R A L T I 24 ) o 22
LRIy, RS WA AR T IR



¥ K Fll 5 /5% 22 40 FE 09 £ 44 B 53 F BE IR ) o

2-1 WNEMNBRPNEREE. B

EQR

MEENENENDD FMEESZ, AREYERADEY
DFHME. FERS—MF? ILHRMNBIY AT/ FHTKEN

S

p SO B i

FEMNEMERPRRE. BB, EEERMBEE; 4]
TERERRPAAEEIRTEENE

p SRR

AERSFEARBEPNEESHRIZT PN Cu? RN, A
REcsEIELeNE ERRENERAFNEEELRE, 5
MEBAANVRERSELE. DHXETTURSTHHTE
=15 R i

4 i i3l 28 Bl -

Y, 10 mo/mL 4 % (& B AR ER
Th EHREE) BERRH (FER.
Na,CO,. CuSO,), WMAEREH (X ELH N BARBRED.
NaOH. CuSO,), HIENVRRK, KM@k, TE, HEHE,
ik, BT, ARAETES.

poSCON AR

1. BB HERE

(1) AEHENLETE: BEBH2mL 1% FHEAIRAID
BHEMALmLRERRN, EI9EEEBILELMAZEHE, N
ZHERBBRERENEBET L.

(2) BERFMNE T - EEE 2 mLEYHMNIRE R XEM
ABPRNRER, KZFEHECABTHAALE, MBRHIERBRE
THEmE T,

(3) EARKETE: EE 2 mL 10 mg/mL 5B

1% BERAR,
BYMm (R, &5,

”.I'

I E#

533696 R

WEZRN=EH
BTk £ERNY
ERBERRKTEAE—
ERAE. BE. ¥
FRORER A, IR
Ko ERHIAEIH,
B E WY R E
15 E IR KRR E
Az RIETEE
Do ENE RN R
RER, BERTE%
M TE xR E YD R
MAEE, HEHRES
IR 56 FE RIS Rz 2k 25 ( BD
ERZ ). ARENE
HFNMRREE, RiE
PO it B H IR E .
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HHEHI 53 £ i

ERMESRIIREFRMAN 2 mL NBRERIAF, ES, WERH
CRBBRRENE BT

2. BRI EFREDELERE

(1) #miE: sMAER. &2 2. EXHED
MEYHERIL ~ 2MERNGNER, HE. DREEUSRTAE.

(2) EFMNELEE: B=XHEAR®S, DAMNIRATIE
BHeYEmiER2mL, SRTENGEDNERRE. 55
IAIEAR, ERANER. XWTME, SNERBHETIZR-

3. RMPERERSENNE

(1) trEmZHE: N6 XIME, BS 0~-5, K 2-4
DAMAABDENFMNEFAREARERRREZEK. AF, &
WEFRMAN 4 mL WERKILT, ZBIEGES. 52 & 20 min
B, NOSERNTAWR, ENNNEITHT 540 nmiEK
WEZER, NEEMBFIXE PR FmT 540 nm AR EE-
EEFREHPUEORSENELIR, RAEEDNLIR,
) AR 2

*2-4 FIRENMERNNEARSE

NERS

ZEMAZFIREAREE

0 1 2 3 4 5
10 EEE
0 ma/mL FMBRESR | o | 55 | 04 | 06 | 08 | 10
FRERR (mL)
ZIBK (mL) 1.0 0.8 0.6 0.4 0.2 0
AR F) (mL) 4.0 4.0 4.0 4.0 4.0 4.0
EHEREZ=Z (mg/mL) 0 2 4 6 8 10

(2) MREHRSENNTE: BENEREREFERN (Z
(—REHEREEARZECEE®E 1~10 mg/mL ). Bl 1 mL
R, BMEARBZEAMANERIZT, WERLE, RBIEWR
EHEZBSEEAREED. WHNFERHNELRZE (mg/
mL) = D x N

p BRI

1LARIFWENIERNE. BEL. E8RMBIE, URT
EHEB T

2. IRPAI NN BYHEENEZERYREMTA

3.inEHEHR, EARSESRAEEZBEEFRNXR?



B2 R A I 09 42 0 5 ) RO BE S

FWMFESHR

FEEEE 5 A k42

BEEXRESE (H2-20), 2AGERTTRDHE
=R, BEXAN, HEONSERSEERSE X, Bk
BEE T R i MR ARS,
—PMRET70kg IR EA, KAKXKAHFHEEE 140 g,
BRAEH 19, HPX1/5FENRYTHTT, 4/5 FEERARG
Pk BT R PO A B A LR B LB B R, AT AR E%QOE@Eﬁ?%
4B E B A N S B, FERRABSTHEABRRR, B EhT o
BERORS A TR S LRI, ERERT, AR EENS S LT85 RERk
Ko BEDBERETS, THESRMEDEBERENE,
EEBEMNRDNEEEOESNTREE, TEOREREENRES (LDL) NS H
ERES (HDL), BREEEOESEERG R ssEamn, TEREKE
AN ARMIED S RO BRE RN, ESHRER, BHBRELERES MR
B EBERECRERDEE, TEREREARS, TENNEGRAER, RERE
B RS SR E SRR E G B X T I,
BB E KT B TR M LIRS T , M/ Bh 35 AL BT 80 1k & IR0 B B 6 A E
RILEE, BIKE (SHAR. BENLEAR) AN TRERTERSAKT, £
BN AT, RGeS R T O RRERE KT,

El# T

1. REEMBERFTIREN, HIRBEEEBHRERER.

2. BEATES, (RIIX 2-3 RFIEEFE RYIRAD LB MLEFRHAIIAIR?

3. MINFREASREANRZESMUS, W "REUNBARRANEZ" "ATRER
TR, MIBEEEBANEXRYR F, WANYEMNEMSIEAE, RRIRAMA.

4. BmTEREMBINEIBR, BEREBXATENREFREZNILNH. WRIRE
WNWAR, SEBTATES RS RETRERNIE?
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w s KFIFTAERERTIN
M\ﬁﬁéfl%

)Elﬂ

AKIEHERAE a2 IR, A BRK, A sl o ik EH AT,

#3 B4R AR AN SRR . 2 AL B G 70% . TER
- W OKIE T W E ol sh EAN M P & R D, HEAE A A sk AR e 1E
g E B ; = 0 2 y

o R B T AL A A0 UEFE I A7 E? e e A an il 8l oh AR & 41 A
£ ENEE B e

X%

R

« K9 B 48 B B 1 51 S kchk B9

Wi, KSBHED

TR A AT -

EEEABRRERNEY, EARSKEBRER;

+ AL B8 AT AERBEPHSKEOFEE—EER (£ 25).

220, B8R

2GR - %25 FULYARAKRREREEROAKE
£ 2KE ABREREEE 2KE
K& 99% 7 10%
=ES 83% =h 22%
5 78% =g 76%
M FL2E 65% ey ]! 79%
EES 90% & 83%
BEEY 60% ~ 80% B% A BX 84%
RERFhF <10% A ) LA 91%

Fﬁ%'ﬁi‘_ﬁﬁ

1 REEPIREARARENAERPSKEEH AT RIB?

2. RUNMABRARBEPSKESREHNEE
EZENXE.
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IKFIT B2k 22k o5 S AN B B R

1. 2K ¥ 40 B8 4 a6 5 1

AR IR, KRR S EREZ LG,
ST EE R B, AR EOKE S AR AR A OC, KA
W) K B S TR AR A R — RS RIES B K
A A O, RS S s B S K AR S . X)
TAHAT—DAEYRNTE , KRR, 7K A 4 Y
Yy o iz i AL 2 OB SRR A BT KIS LR R, e AR e 4 i
TR AT R, A B Al s sh b AT ARTE SR K
10% A, A BEIG S 2 25005 Bk 20% i, ARl sk S0k .
FAPIBROKI, AR 20K K AT AU, MR R 25
B,

IKAE A A i 3l i B E AR 57K 3 1 S il S AR A i
HFAFEIE A . TR FRETHATE O F1 H Z [H] 401
ALy, kT EAWRME: T O A 5 far, H
YA SR BT (] 2-21) 0 KA FROB MR, (i — 2y
WM AR 2 2 R AR K . SR — /& EE (NaCl)
K, R, NaCl f iR IR Peis il . 1B 2-22 i ke T
NaCl 7£ 7K H i 3 3% fif (9 AL EE, Na™ 5 H,0 H Y O i 5 3T,
CI" 5 H,0 H ) H ¥dEir, NaCl AR 8re K

& 2-22 NaClEZEXKHBBABEREE

20 P R JCHILER AR A BIL > T A AR, BEAR 4
WRAE K R, R, AR AR A R A0 Al s SO AR K B S
AT

240 A K 2 R o LI B IR A7, AT LA
3, OB mK. A 4.5% KK S HAL D TAEEE—E, A
REE RSN, PRONEEEK A KR e Al 2 T Y S5 A
PR AR EmE AR, /22 FOK R S5 AR k-

2-21 XFRAE (R

AR )
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IR 5> F 4 5

(A) &EFF (W)

W+ T ORA7, WoRJR AT LA ZF . (RO, g Rha
RS A I

2. ZEmSE WG ZEINHEX

BRBE /N B R Ay, P KRR R . AP,
A DU W —2E K (i KNS . XS8R 22 TobLEk . AR
SRR S AT TCHLER . AR N ) TCHILER R Z LB IR
A, WK, Na', ca®, Mg”. zn*, Mn*, Fe*, Fe*
ZEPHE T, LA Cl™ . SO ™. HCO;. PO, ZMHE T

TR R B & m AR, BfEAmEshEa &
FEAEH . AT 2B IR N E LA S P AR -
Bilan, Fe A RIMLIE H FRILTFE LR (KB 2-23A), &
EHEATREENEY, WA R B &
Mg 2 BT s R TR ouE R (K 2-23B), KT
e H> Mg® 2RI s SR R A R, i B
ke Besk, nh R A8d; A — 4 @B R BIN T,
b FH AR (E 2-24),

(A) 25 M40 F AR I 21 3R 2540 7R 2 4 (B) WM& Z AL H 7R B

2-23 Fe Mg Z25EMARNEZNEYRIEN

(B) fk Mg™ (C) ¥t zZn™ (D) #t Mn*

2-24 EFHEERIERRDABITHERFEIM A ER
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IKFIT B2k 22k o5 S AN B B R

LR T T B2 AU GG S 04 A ER B
B, BT AR A R K 102 i 45 25 T AR o
B, iE R R Ca & i A5-55 mgiL, (8T | yp e 7
VLB 251 & LA F R S5 RE R i h i HCO5 . HPOS Al
HAPO 345 TEHLES T 7 T U815 40 B SV R e 25
flo, SERERIRNERSEARGE (L CRAZS SR ) ) -

El# iFiil

1. A AHBRKESNNE 6 iE s ?
2. KEMFEBENENERT, EEIKELITVNT 10%, ROHFRE.
3. EEHAKIUBERERZ Mg. Mn. ZnEXEK, HARSHNAREERRSRIE,

BORRE .
4. BEN3 B 22 HRMEHRKAE, KkBE@wmziR. NKEEWENTFHRERAE, 2
iR 37t RIK BHIE X
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A & [0 i

AmENLE

TN AREYEN. ANARMNTERAERSTFIIELE. Hf, C. H.
O.N. P. SEREMABMEETER, EMNURKENBERENERNEND F.

EARMZERARPEENENADF. EERRZSS5HRELHNAE
B, EERABNENEEAIEE. ENEARNEABUERER, EUA
20, EERANEEESESERNAYIRF REEMNZRAEEE X,
EANTEARENNRRLELMELORNNE. KREMFEFSEBHERS
EENEMARITF. BIEDNAFIRNAFKE, HERERD FREMM

RERHBEIMNEZEMAPNEZERYR, T NERE. WENS
. AEREERENNERE CSEARESEINEEERYR, BE2EMTE
M. RN ERNERR . Bin. BENEEREARPELMER. iBH
MEMAMBERERAR, SEMERRANEENR. BERSHEHRRESELEEH
TERD. ARPHNEEXYREIESHEBEEE. HYEENBESERE. B
B2 5 ARREMNER, LR2EMMENE. H#EX D FYRHEN.

KEABRSERZHEEY, MBHAKNEGKHNEREE. K2 F
BEEMMNTS REXKENRERAER, ANMABRENRNREHREXSRER
TRMRE. TIREUNBFERAEETARS, S8R, ESHABRES]
I EIMEX .

AREBZMZENDFEN, ERUEEERAER T EGHARR, &
MTEFHNYRMEMEDANR—H. SHAEAXNSHEETHE 2IEND
FTHEWSINE, OLEERENDFEMSNEMR. BAEVPEARUR AP
EERNENEMEREIREMFIRAREBODEZ—- &1 "N
EMERAPNERE. BHMELAR" X180, AINFSEVFINE BILE
HER, ANIRHFEHTICR. LEMIH, ANMESHNFRREND. K
ARYWHHERMD, XERE. BERFYRIEEAYERAOZW, 57
FTHEHRBRRXEBEFRFHNEEFIIR.



+wo

FUiEii

1. AfeRHZMITREANN. B2-25 RnHBEAZTERRAERNKEYZ
BHXZR, HA, A. BMIDRERYRDF, X. YRERLEFETR,

2-25 HABRANTERLEEY

(1) IEEIRTHEN, MRARB DAIFER gl o
(2) RE\EVERNTZEART =, JENX. y2alkx RN 7THR-
(3) EYRDO BARPHNEBRERYER, WD KRR o
(4) HENEDRENFTETEIVRB LU, TIURFHETMER B B
—HEZE ( )o
Ok OFEERE OMHE OBRZERE OB O©EMEE
AL ODOO B. @0® cC. ©006 D. D®®

(5) 5EBMMEERE, PASEYWERBNYWERD, BiRITXH XD HMRRK
KRR 2 HIY) R

2. TRERM, ARBEDFEHA. BWEKEAER, HP AR 21 MER
DFE, BiEA 30 MRERAM (E2-26). THREESEABRSZHNEN
HAMEM, XRMREFAEEMME 10/, BHEEIOMUNEERBAAR:
ARBEDAABER (Thr), BRI (Ile) B, MFRDIED AN
REk (Ala). fiak (val) RS

2-26 ANBRBEREEHREE

a7



IR 5> F 4 5

XAlETF

(2) ERABRBREMFRIEDF, THRREBHR (
A MEFMEMSERWEMER, ANKENIERFIER
B. BEXARMENREREMBER ERENRBEAREANLAER
C. REMIERENEER, AUKENIERFIAE
D. EXAMEMNIEREBANEER EBEHBRMMENINGE
(3)BRBREATLEBITIERKE, BLRERAMUNELRN, FHRIEWRERHEBEHNTT
WAER. NEMENENME, BRIRBITENERR-.

*2-6 XREmEFRKDE

(1) BREMNRECHZMAEREIRBERMENN, AEAMETERMD
, REBHERENEE

)o (

W
-

)

3. HERmEEERMAEMTE, BEmIBRLENEHZRRHNERRDEX. B
FRDRBEREZEMAMIHEE (RE ).
ZZ2EEBE(NRV)FEER(XR2-6 ). BRBEPHNEFR D EABIHER,
HAEE/LMECEEZENRM, WHENNEFRKDX, FEELERAXYER
mi SR ERTERT AR’

BEARDHZERRER

g S8 /100g NRV (%)
BEE 226.1 kJ 2.7
ERAR 0.2g 0.3
KIS 13.5 g 4.5
ERATH 1.2 g 4.8
it 0.2g 0.3
A RS AR 1.6 g 8
fE & &2 0 mg 0
5 4 mg 0.5
% 0.6 mg 4
o 1.6 mg 0.1
£ 119 mg 6.0
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24 i) B9 Z5 el

BRIEERFERRE TS ERNERNE? @A NZN M E YR
HEARBM, BREGENNERBL. ERUVNNHARR, EXRHNE
AR NABEZAZMETH? BIBFRME, HIEWRIIH
BEMMANEE. LR —EHNARNRNET, FEEARSHEDEN
BUER? eflR0ADISFETMMARSREDENH
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F3 B8R

c MR B RERAE

ZINEE-

s NEWSINEEHE

N BE, BER
IR S AL

SRS

- WHBEHREER.
- YHAB R AR BEIE )

50

FREEFZSEME

BHERZR.

MEmRIRE R

EMERARRE. REA B —FF, 78045k 4
M EONFRERE 3, LRI G AN N BB A A 8 A A a7 sl RO 2k 17
(7l Fisf th A7 SR AR 55 P SR B P B S A A5 B 38 e SR O S5 A A AR
BeRb R 2 AL, (EHEAXEINEE? LA BIERI 22 5 S =
MR, RRBURAT A SRR R .

R BEth 9 E & % 2

BRRBREZHMWEEY S FAHMK? R 3-1 P H
BOEMBRRBENEEZERDREREENL, BOM
KPZHENY. BAIRNY. BV HE Y M8 I RE
FERNDHDHRR.

* 3-1 MOEVMERRRNEZRD

- FREEERSHNEREE DL (%)
' EHE RRS i
/NER B A 4 AR 45 27 25
HEH 56 40 4
E KM 4ARE 47 26 7
[R5 52 7 4
XEHE 75 25 0
BE5NE:
1. ABEMBAEREARKONERSEREMFA?
BOER?
2. BEEEMAFHIEMAINGE, ENRELTERS
B/ER .



1. RIREEHBEEMERRAR/N

& BR (plasma membrane) 38 0 FR 40 i B,  HOJE BE AN K
7~10 nm. A0AOKE 8 000 JE G —E, AAHY T — 5K 4KH0
JERE, Ar iR 3-1 i ay Bl v LU IR, A (W] A= 4 40 Jfd e SR A
255, H H I [R] Re  JR JO E TE E h R A 1 B A
24 B 5 J5E s AT — o B Y B BEFIOBE SIS . e A5 3 ) A i o s
JOFL 1 e AR A, AL 4 Y R 0 B PR A A%
FEIR I [ BEAE B o X 282 W) 53— 2 Jqe] 2H B B R iy e B
SRR IR T Z R M PR R A5 A AR, H SRR ] Y
& 20 e 70 AR IR DY “UishiE A" (K] 3-1),

JIEL [ 2

3-1 HARREEMEREREE

Jo R FEAS B AR B NR DU 7= o BRI 0 1 2R K I Y Sk
R [ A0 N SN, KPR RS ARRS, AR XU TR
NI I — 2 K A BR R S HES B NR 70 1 A LI R0
TWCE K5 B A N SRR /N o R AR
JRCBR T, DR 240 M 5 AR 10 R 20 I, ol 40 0 P ¥ HE S
R BYBRIE o R L FH XA S T LS W 240 2 45 0 o
fitn, IEWAEL T AANEEN (ALT) fA7e T A4+,
L S A A AT A B2 4, ALT 2 U i 20
MHEA M, B, MiEH ALT &AL AT VE Rl R 2
FOIRERTRR Z —

WO R

XKDFERBMME =
BERED FHRKHEE
B, EMN=BMNE
Rl A2 E HIBR 4544
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BRI

T B AR RRON IR 1, A E SRR, A
R o S EAEBENR AU TR T . AN D RE S IR 1 R 2R A
A, AR AR A AR 2 Y 25%, A SR
ik 75%.

JR R R O, 24 93% SRR AR , T SRR 1 5
2y 7% SIEARAHTE , AUSAENG o B AN 53T AR,
R FUHE B 11 R34 40 A0 2E A, B LR [ B R
ilL s Y SR

20 SR P R 45 Bl AR TR RS IR B
TEANWI b ol , R (0T LATE B I B0 7 2 Hh ib A T B i
Sk B BiEikEsh, MRS FHREwE g 72 m, X
TR A= S I i R (=32 D 1 0 NS 0.0 e i1 U s
AFETIRE, HOEXT Y T A, R EEE EEEEH (B
LSS 45,

AR & B i oh M 1Y 32 30 iE 4R

1970 F, MERBL. EMHPXARAEADARCEAXBRV/NEABENIREET, B
IR ARRE. NESHNAR-—FRACKE. A—F¥KREEXE. RE1hE, KUK
MRATABITNH (B 3-2), X—XRRPE-LEREQERERILUEDIE.

N2

BESIHE:

o=

1hfe&EARA A
/N2 A A

3-2 EEARNERREE

1. AR ARBAREAARICEEZER?
2. A ARATAENBNTURBEREGEERNM? BAMNERFSLEEZEBES

AR R,
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2. RIRZ5MBNYRZIRIERZHR

R BN XG0 2 6 240 8 PN 0 18 9 S it HE A B e/
HSEPR b, A0 P A A4 W S5 wl L o o B A A e 1 Y
e, Mo, REAEY B mEAER (L
455).

A YR N B A A IS AETE R, SRS A Z 1]
BHATR B —FE, 20 =2 A 5 i R B A A g
A, SEE S A B B BN, i 4 i o
(UIESSCIDIE (oAt I a1 I o s 2 i DN B TS O U E (B
THUANME . AR 2RI E H, AT T s i
WRFRER ST (K3-3),

3-3 ABEES N FEEREE

ZWIEZE ST n, ORI 2 R A aihsh, Xt
RS RN w5 S L2, W] e T8, i,
Ji I B 2 s %) IR 8 2R A M YA R RS A, BT A
B RS b B0 R 5 RS2 AR, T R AR A I R A b, A
1T AR R AR T o A R B 3R 2 IR A i, ANRETRU)
JBE R, SR TR A A A, 2 S B SR
AlREZ T A I ARUBE PR

9 S £
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AN TR) IS 1 A4 e o A 2 ThT R AR 1T L R IR R AN [
FAFE S 20 ] 38 W5 A RO S5 T A0 2 (R A
% Uille Bian, 7458 RN f v, wbERignfe (—FhE4n

M) FEARE TR A A R AR S ARG . FEAN TR B 1, K
kb () L5 PN R A R AR o R R T U R R B BT (PR Ry i
LK), AP A MR T R B R AR RE AR TR, Bl
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R, RRSHNEERBNERE,; ARERRL, HERGEGLEFHERTHEREEW
ZTHNERIKINERE .
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p LR

1. BRARFRGH RS X o

2. IR FRNRRABEANAARRRNEMRERE D
MERNIZRE, ZIIAZEREBBEIRNER.

3. RNEMTFRAINREMABIE 3% KNO, BRPHIREE
NEUNR, AR 1ImnARIECR, KUHERFH L/ S/,
HTEHENZE 4-2 Fim. RIBLCEEE, E0R80HE S 6 AL R E
AN 3% KNO, ZMME % . tEIMF ML, =it NMAE R
EEEIMNBERITREE.

x£4-2 3% KNO, ARV RED B

A i8]

. 0 1 2 3 4 5 6 7
( min)

1,/1,(%) 100 | 87.5 | 89.0 | 90.4 | 94.2 | 95.1 | 96.2 | 99.0

S,/S,(%) 100 | 72.2 | 77.4 | 82.5 | 84.4 | 86.6 | 88.2 | 90.0

ElF# il

(A) TR )

(B) o fi- &

E4-10 RENBEEMENE
BiETRBE

1. BAYIRREBERLH. eEREHAE. EEFTEHREESTHE, JRIERY
REERzHHIANER, #2EARXFERRERESEESEIM.

2. AR "EREARSEVHERRESBNEZNW" XNE, BRFFERR: BE
EEESEEVEBKERENSE? " FHEcH 10% BEREARET 7 LHRKR.
BN SIS RF R BTN R R AR BRI ERRNT, FiRBER.

3. BERARN, THRES. BHEERRERBRDFYRALARNSN, BE.

RBIL{E YT AR B ML R ?
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#3815

- NEBREMWSIN
BEMEENNAE,
R HEEIERRT R .

- EHAXTRBIERRE
/er_ DH&TQ{#TI
B & M RIS

- BEREMEMLEMC RN,
REHEEEAR.
- BEEMEREE. pH
ENRERAIZN .

4-11 BFHNENES
BANLEREE

H,0, 8RB B —
ERRIME, WMEF
AR £, BIZBEIAK
o

N\

R@®®

J

76

fifg € 1 4 B B9 1€ 5 I R

HE IR RS B R, BREH R R R

BRI, HSCAEMET, JLFENEERNAEENZ . §
Eﬁ’gﬁﬁﬁ SRR Y AN R A e s P g AER? 1R
IR AL S NG, INREBRYRE R, FF52 SRR A R
ot B P H S

MEMmAOELER

i)]%ﬂ?ﬂﬁﬂiﬂ@¢'ﬁ$ NSNS, JEASSE
wE (H,0,) M, ML O,. FeCl; R ENMEKLF
HJEH%% H,0, 73 . B LR AP0 R N B9 S8 7= 4
£, TLAFIMEELRER.

B 3ZiXE, ARIRIEN A, B. C. REBE 4-310

ANRFFRHE, AARSOESERED. UESHER
SEFELEBR. AlE, AGFXENEAFTBASAERN
HANSEZNH (B 4-11), ARBLTRERICRAERP.
*4-3 FRERMANMHEERICRE
iHES
IO R R 45 R 52
A B C

3% H,0, (mL) 5 5 5
Z 8K (mL) 1 0 0
MENYAFRESIR (mL) 0 1 0
3.5% FeCly /& (mL) 0 0 1
SBrEE (A +" ®R)
KAARE (I “+" ®'R)
BEGS:

1. BEALRPHXNRE, HAEASSKRPNER.

2. #HIAE B. CHXRIAR, AW
SEEEHIER.



1. EgEEMELT

15 WAL S B R, HO, 757 T2
frgets s IMAHT SRS YT IE S IR , HO, g I, B
JECHE Oy, T HAJFFAHE A ) a8 A Ul T LU PR S NEEE =, R4,
BETE SN, PG 2@ H,0, 7l S zXan Tk

N
2H,0, ARG 2H,0 + 0,4

MRl IR 2, R AR, WA,
e AR VR . FE B, el IS, B
PR BRI o

REWFER TN, B (enzyme) SZTHANML™ L #Y BA
HEALRETI ARG, BRZHOEEA T, DROE RNA,

R A9 A= i 15 Sh s ZEDE A A SRR AR . .
AAER R RAERCE (RadE) . BN, Fpd S AL S
£ 1s AT RMBEAR DY 07 i AL =000 700k Bl TR i AL
FrE A N A RE IR BEIENE (enzyme activity), RS
71, AR —E A PR — I sr ROV I R R

AN b R A A KT R A e R A — b e
—2RfA O, BN, A A R0, B, A
MEACHAR R SO o 5 40 B S Rh B /D s gk, it 2t BEAR
7 A BRAT EL = . A, AR G G AY l— Lk
Z o IIREGR , BRI RES S R H AR .

2. BNIIESHZ FEEMEX

Mg FhEAR 22, > 158 L AR 3 il %) U 0 T A A 1) s v >
AT o I, B 1 T TR R A 1) b A 1 B K S 1
DNA A HHEfEL DNA A AR

fit ) D 5 1T 45 UIAH G . By LA SR 4
Gt R VE A ] X, BRSO . IR A 5
[ P 0 BA A Be Rk A . T SE B, BRI
N2 T —NIRY it —5e oy (B 4-12), 341
HIE 8 R R DI RE 5 L 2S [ 250 0%, A Ta) i S il 1) 3 44 v
OZEMANTR], B DABR AR A R B L —1k

I B#&

=% s

1981 &, RERK
T PO AR R RIAZAE R RNA
(rRNA) NEIRBEE B
I BIFEINGE, FBB RNA
W EBEMINEE. BE,
M B — FhAZFE AL R
i (RNase P) thth '’k
WT BEBEEMER RNA
A5, BEEMINER
RNA #R 3 % Bs, 77 7%
FHEELEYH. ZEBH
ERMEEMERTEN

B AL BRI 1 22 IR

77



BRI B

4-12 g (FLKEES ) ECRY) (FLHE) KBEREE

I FE&

filg 411 5l 551
BE-LYRENEE~EMHER, sIEBIEMFJERSL, XERMEFEIRNEEIH K
FRNIHEAE: IFHANSENEFEOEEPL, RO RY ’ﬁE’]ﬁx&%é (B 4- 13A)
MEFEBOEMBLES, KXTHENZBEY, EBNEMPOLOFESRNERES
(B 4-13B). WERAMNAYBKRBPBXMHERITH, WREFNEEE. BEBENMSTUR
EMREANE. —EHNRMNSEEREIBEENFEENEMAETESHEN.

(A) il 500 55 JEE 4 3 G g FE) 085 A o (B) A1 hill 77 5 1 2 Al 75 12 v 00 2 ) 28 g i 2
4-13 EEEMIGIREE

3. BEERMERZERZIN

AT R R 5 B 45 5 R I5E R R AR 2 MR T . G

N

e, HREE L pH SR LAY A R o

78



B AL BRI 1 22 IR

R 7 S A IR I P R, A A P 1
YELEE U B2 35~ 40°C, MIE T ol T-ROEIRLAE , BHEEI SRRk,
IR S IR 25 () 540, P2 AR AR Ry A8 Ak, G 1 3t BRE, EMNHEDS
o RRFEHEY, IO & ARGERE, pi, - CREEEEEE
A A R R PP I S B 100 CAK AR A7 B
T AT TR T P 2 TR PR T M

B R R T 1 AR, R RO
pH JFE, 5 H R ARAE PR PREE pH — B, 0, RN BRI
VERIERE A PERREE , B B EGS pH JEEINIE 2 A4 (1A
A-14) , TR DS R P EAE /N TAE 3 I S e B 335

PREE H 2 X G P B RS IR AT LS 5t S 56 kA

4-14 WMMBEHLERNEMES
pH X B REE

4-2 KR EXE R EE TR R

REHMAEFRNERESREEX BECHRNDBEAR
Bloh. EMBHEFARREAR, SERUESKARTELE
B, ZniEEN. EMBECtHNREERERSEZ ) SRR
SHEMEBB BRI RERR: BESEWEMEEE.

p SR B i
RREEXNEMEEENZ .
p SCIR R

EEAMERMEINEMNERER, —REITNERMLME
REVRIR D> E5 YRR E R TR T EEELTEN KR
FFERRNE, DNSIHF (EERD N _HEKBR ) SER
RBRNFEHRETA, EREEES, HAEeTAER. TBEY
DHAEEEENERE TR ETEMEEME.

p i zE B

0.005% SEMEE A’ . 0.25% Ol A M IEMIAKR. DNS IR
. 5% NaOH &R, M. E. BE. BWEE. BEIt.
DHMEIT. KR, BBRKBBE
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BRI B

@@®®

NaOH i#i&RB — &
Bratt, EIEERE W
WMEF L RKRE &
SZBRIRAKIHIE .

\. J

80

boSTIR TR

BIWANABEERL#HT

1. 5% 08, PRIkREA1~A5, &EN 0.25% A&
MIEMB®R L mLo

2. BRS5EXIHE, PRIArLEBL~-B5, FiFAN0.005%
TEMEEBRR L mL.

3. ISR (fERKBWR) s 1~54H, KX
WEKEHAAC (KB) =R (IekKiE). 45°C. 65°C.
85°C,

4. ¥ 1-5SMA. BIREDAMEEMENERE S BERK
BHRE (B 4-15). 5minfg, ¥ BIXERHNEMEARR
BIANMERNRBESHNARE, EIFHRERIES min. E., 1
A1l mL 5% NaOH BR&IE RN

& 4-15 REXNEEMZ ML REE

5. B 1%i%E, /st A0, iMAN 1 mL 0.25% A &AM
TEMBR. 1 mLEZEMBAKF 1 mL 5% NaOH BiR. 9 3 M
A0 ~ AS I B HR A DNSIHF 1 mL, ESFETF 85°CK
A5 min, RANEER. UERZFXEFHHESTHLHIER.

6. APNKNEITES40 nm ALLAOMBRIEAZ, ARBE
SRMWAL ~ AS HEHRBBRHNRAE, ERXBIE. 8N R
FEEM=R, NFEHYE. NEEAERIR, RAEERHNLIR
HITIEER

p SRR

1. WERNRAESEEEZENXREMTA?
2. WMIRREHEME, MERETEEERNZNE. N
KPEASEZENMBRNNEERE"?

p hRE

FEEAIREFRE, BHRRpHUBEMZMANIR SR

A

i



B AL BRI 1 22 IR

FWMFESHR

B5%XR

MELTKTENES, AMIFARXELSE, BBRIESTF. Bk, BRNER. 4 0.
O%. NEEIEMXRBESINEN. EIXERRIERITH, BRFNANABEEH—0%E,
FEREMUEERNNSRELT, BERRNKEASEHLRESERISNER.

AHlRPHNA EAHRTFNSEHRESE, JECIAPEARNS FZHE
R —RENgE, SFEEORSFELSSHESE I, LNAEISBHE, KESERH.
SMRLAD O R

EHRPHNE BFRNEIED, BENETECEN PNERKE, 535
TEHITHNEEZESFEURE, B EBLSEFIITENASENOE, SUEME
my, ME, BHEKRERFEEn _BERmENs, BEEHER, XKEOR.

BEBNNE fBREE~IRED, FIETESUETUERMLEESK, B
ERFEEERE, REWBEONGE, ERKEBOERRE.

AMIBEALERINEMEFEPEHRE, RTERRNIPHNEAEN, EBETHZH.
TR A P40, /RAESS H BE7E X L5478 th /5 B L8 B AR B9 7 AR 224513 2

EI# 1T

1. FERZSASARRLGEMRON, sHilae8K NAUBREX—IMKR?

2. #E5E4-12, NEOREMSNERENHNN A ERBELCERNIRE, DS
ECIERRS R

3. HEE 4-14, RIPREARIEEMERZIN.

4. HZRAF. MER. EBAURREAYNRITEABENER. EREMN, &
iR ERE RS MR AR RRIN A .

5. MREZEEINEERRMSIAKKBHES, MRIEEBELEwANPHNEEER.
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* AN FME SRR

ATP @ Ko &£ a9 &
I EERERY R

*MNUREEERE

82

150 BE 4 B 0 IR S A2 .
BERREGSHNF
R H, NIRARE
Z M 4 A8 3R BLBE
EMHAARARE-

MaRE

X of) 40 AR & a5 7 o
HEEERYRE
ERE ATP,

M BEEIFRA
CASE R K E /Y ATPS
£ YRR T 4 AR I
%> f8 B AL 2 F K

= =]

FBEE o

MpRiEE RN D IR

HlgE=

(4

fE A B, R EE 67.5 kg B A 12 B T FE 00 B & 20 8 & /BT
3621 kJ; HIMfFZEthalss, S/ EIEAEL 117 k) EE &,
HMf A= iE s AR EEE M AR IEY R A2 YRS E
MR U s N R IE Y 1 EFRATMAR TR B P 1)
ERTTG, B —fRF X e RE ]

RAARFARERETEENIFRLG R

EAAHERUT, ARTFRSBENS FHBX
eEHEE? BEEEEARERHETHEEDBEAERE.
BB BMNBERTEN CO, IBERFE, JLUHAKD
BIEE, XRTBAOT.

1. lNEZ 5% BEEREHERNERK 200 mL, F
BRETFT A BEMRER; ARSI 2688 HARGHE,
B AVELLALIE (B 4-16),

2. PHIFE A, BIRHESIELGE— 1 RSEKE.

3. 50°C/KBHBE 10 min, HIEEIEE BARERD
EINZ NaOH 3855 200 mL, A IR A E AL,

4. HCO, BRBENANMUE A. B CO,KRE ,
BEBRUNXISERSE.

4-16 BN REREE

BEHe:

1. REBRAALIRERP CO, RERNEREE
KEE, PHARHERET, BEFENYREOE
2? RECHBEBRERER?

2 BBENMEERE. BRCO,NIREPRET
472



MBI P RN 5 IR &

1. ATP 2N EEE R KR

FEZMR R, fEMmAh, BB A A s i he
Y — S FR o BRI o, HPhRE =R
(adenosine triphosphate, &Fx ATP) ik b 7z, ATP i1
AR TS 3 RS AL A (/] 4-17) . FERERIVERT T,
ATP [R5 R 5L A AT 7K A, R v T A Bl 1 356 AT /K i 250 ] R 2
30 kd/mol HYfEHE . ATP 2 KR dig— WL L A1 = 7K Ay ADP
(B —BEIR ), O 2ok A B IR 3L A1 5 /K i AMP (IR
—WEIR )

& 4-17 ATP R FEMRERE

ATP &3l A7 T M b, 32 2 o 5 W L M 56 4% 21 H A
oy LEOKfE, hAaihsh e dbag . P, ATP
ZigRINEkER DIFROkiEE, SUENBkEBER, s
HHzZRD), FENLEYEE (K 4-18); A0 pRs £ shis b
dET, N ERRAREE DS ATP (ZULK 4-5).

& 4-18 ATP IXEIA AN REE

LN ATP 43 F Y S A R, AR ATP G
Nt A missh 15 s 247 . HIEFET, AN m ATP
BARSFERM . 24 ATP /> . ADP BEhneS, 4 o &k 7
fe ALY, TERGMMEIET, it RE R %, i ADP 1 Pi &

I Ei#E

MM “HEE
HiE" F

o1 BB 3 bR X 2
EY DT ERMD R
RIS AZ - 408 FRBR AL 18
Wi, #EEYRET
ke RE—Z5 REE
Bitih, XEEEEE
BTN D T8
W, FEMBAEZESE,
XESFIRA "BEEH
K" Heh, ATP 9
MEERIC, BEEANE
mESIEMEZ. It
Ak, %EE I (NADH ).
fEg I (NADPH) 2
R F(H) K B F
(e”) MEHEMIER
5 E5BEEMEL
DRME N RNITRE,

AREFENTBSFEHR
EBRIEMRADPS
ATP M B iE4 .
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BRI B

HEER D BIRER
IRHIEE . XS EapiEnh
R — MR

84

HasA, R ATP (I8l 4-19)., ATP 5 ADP f¥4HH ¥k
APPSR Wb oA A A G sh (I R RE YA .

4-19 ATP 5 ADP lHEERRTEE

2. BREFR~EKXE ATP

20 3 3 AR A R AT AL, K AT BILA T ) R e A T
HbA A iE B B A ATP, X B O 4HREIENR (cellular
respiration) . REEEZEYMBITFIERER O, S, &
HBRIFEW . R RN YA, SR

1 mol %4 53 IS A AL 5% 742 6 mol CO,. 6 mol H,0
12870 kI ZEA R, A REEAG A ATP H, JL
AU AR, A R iR 2 e ROV A, R
IR h R RE BB o BN T US4 S AN B B, 0 e A
o 3 A2k iR AT (8] 4-20) o

4-20 BEFRIEREE



MBI P RN 5 IR &

i 2 W AE AL 3 0 O R — B B PR R M B A% (glycolysis) .
1 o FRIENEAERR A AL T g 2 43R (—ib &4)
FFHE /8 ATP, R H il R RGEREE T (NADH) #5447
ALK ([ 4-21),

Bl 4-21 EEMENEZIEREE

fE O, TR T, PR AZORENR, 228 RiRIER
P ERALEE A CO,. AL A (ZHLAM). 5 -
SRR SRR I, MIRAR CO, | pael HERE
I — & 19 ATP LA & NADH. CO, M4 fitg i ; NADH A H-0.

O

s s g " v ik g Y B e b L RRERR BEARD
HEA A T 2R GORL IR P B T A, TR B A e o B 2 g £

FERL ) RE 1 AR 0 L A2 L ATP, AR5 LUARE T URE k. HR CRARE ATPAIRRAE -
TRZAEH% O,, M H,0.

I B#E
Hhitkeh ATP B9 RY

SHBBERD, ZBEBASEBRZR (NREEY ) SEEREER (AKRKEY),
E—RIBNELT, BSELBMKCO,
GIMERERZE, TESZBEEALS
SWETT—RBER. KSEEEFE S
ATP f1—E & NADH ( 4-22),
NADH#EF B FELZNANE L8
EEgREd, NEINESRABETHN
BeE, BEANAKERDNH RARIME
B, ERERMNH REERN, &8
i H NATP &8 (—MEB &M ATP
IhEEmEs ) AREER, K ATP 8BS
ADP B EA Lo B ATP., ISR MREE K
JEF NADH (&, SRR E N,
1A FEEREEER. CRRERKNS
BB HEE LD BRAF=E 30 ) ATP. Bl 4-22 Sehiik ¥ RANGE B IR REE
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IR B

EMERBERNR
T AOEEWIFAR
SREEN, {REEMR
RIREND?

86

3. ZRAMFEW~=HE VS ATP

— LB AN I A ol A ) e e DG SR 4 7 S AT
WL AR IBCRE B, AR Bt S ik 5] e e PR 58 1 2 i % Sl B 1A T
i an AAAAE R Z0iz S, 380 LA 22U ] Y pE SR A2
JULE Ff 2 368 3ok TG ST IR 58 ATP AT I LR AR I R5 28 T
SIS R, ORI AR R ) NADH AN E A ZRpE A, T
TE AR TR o PR NI S, e e FLIR (141 4-23).
X—ud e, 1T REERE N 2 0 TR, B2 4
ATP,

E 4-23 LEFERIEREE

PR} G B T IR A P 02 ST (PGHS ) 1 COLe B HEFR 7
RIS, kSRR 14 CO, 4> FJa, % NADH
1 H B, B CEE, Za BRRCONIR LB, Wik &R
SO A, TR AT AR A, YIRS & s
12% ~ 16% I, KBS Ik

4. HitvGil 2 FBAIHERLDE

I 105 AV P I S5 AT BILA vl LAy 200 AT 4P I ) ke
(11 4-24) . (EBGRVERIS , NG nT ROk i o H AR T o
L I AT A 7 S PR I R R AR B SR o i A 5 iR I AR A
BTN 1820 B A IR I O LR T A, DR BE A =R IR
WAL ik, ARNImR R AL o i 5 2 e A A AR
F AT,

R K S A AR A A IR IR
PENA R, BB WA BEIRY . ERE T,
B 22 K, TR F BUBREE iR A B A0 A U I 25 AT
e, AL e B A2 A UR R A A
PEYIFHEL RS



MBI P RN 5 IR &

B 4-24 ZiE. EARMEHNEALIBRREE

2R AEAN [ A A TG PR B e, AT B o 20 B P IO i A7 A
AN TP R RE R A 0 A ai i Bl AR TR RE R, X AR

T A

P

w N

IR o PE
El# iF il

. BABATPINMBH "BEELT", RE/XMEMEEND? BiRt ATPHI

Ed#2.

. SRR B SR T RIFRR NG F4. MRZCNEERKRK.
. NIRSERERE, PMESRUMENIEHRAREIREN.
. EHERBRMIFRIREF , 1 mol AFENRAEMDHBLARML 2 870 KIHIEE  H

HL9H 1161 kI NEEEEFAE ATP F, HRHIBEEHMAREHE AKX BIHE
BATFREEMNERPERAARS D? XTI RERRIBOEEENRERR, HE
MEBXZMTA?

. BRES, MAKYRSEENFTRNNHBE, PTEBERSPNOMHRTEIE

HIE FrEEC.
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ws  HREIE LR
NS F b

FEOEAMEABA T A C AR R, B2 A miEsh i sE R IR o

F3Bix BHSE R, YRS TER, WK CO,. & RUBEIREIH 0,0 I
N ESEERE. o R AR AERE AR B 4 S5 R R R CO, WAlEE ik

UNXFaBErHE B T0 D > e 2 [ L A% A0

15 58 5% & (6 A B FET7 e eV B & A geEimp e 45 41

cFRBERDBANN
GERB®ERENER

& BRI EBIRT RAEVDETASEBNSH
M EERHEE.
IOy 6 ARE, BEE 4-4 PELEF %S BEN
a e RFIFOM R, NG DT 35 CKB; BIMEEE
& KRR 10 cm &b, LR, MBRHICERSNREDH
m:w%% s,
SEEEs (RBXAIERRS).
cHEEREEY RS
fEFRRILAFR - £4-4 LRSRELEHERERICDH
c ARG KB .
BmHAEEREST inE
b J5 ik R 4
YL FEE . LETERER 1 2 3 4 5 6
cHREEBHMERS
e kS SES AP MAEENENEETH vV VIV VIV
MAEENEYE IR vV

MAEZEER 2% NaHCO, B®& | V| V| V| V| V

IINZ B HEEK

GEARAMEHEES % | % | 3w se| ze| %
SN E L

(F "+ =% -

BEHE:

1. REFAN SLrERBERDB? A2
2.RIBLELER, NITEVMBTLEIERTENSE
HREERERN, FHIRBER.
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THR KK RETE IR T LERES T

1. HEHEEMNXSIERIBER

1 ISP AT AR S0 Seg b n] LI 2,
FEERM (photosynthesis) =2k AEFERYI Ak AFRAL, X
S AEE Y U AR R 2 I SRS SR T A TGl AT DUE S B R 2N
PHRA VR 2 B BRI i P SRR B DS REIA, BT AR M 2Rk
AEEm R (K 4-25) 0 RPEARIR oA s 8 5B EHTA
RIORRE AT, IR 7 T

(A) BT BB Ry 2e ik (44 000 %)

G
PRI

Rfeth—
(B) &g 44 Y 45 g 5 X ]

4-25 MEFRAEHREE

H Jit

WEFE R, RS M R R TR B B R AT RS —
RIEM o, WfhitaRxR a (RS E) MR Db (B
Rf); B —RRERNE MR, WY PR (EREO)
MR (R 0). BRI AR G4 82KME b
R 3 4%, HEEE M s T Al , XA R H B
RRAEBUE

MA. ik, L8
w., BNEEH, F
KR W ER&E KL,
B FHREZHIN
BE. BIHE. 19%&
M A i gR R RY
ERSERATKA
60 m2,

LEARRE, PEMA
Bx." IR EFELE
XA )R
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IR B

90

I 2 A (0 2R 110 e 25 e R BE T vl D' R R O -
FEAE PR SOOI, JLP ARt A6
R TR B A 225, Hih, AR B R
JEHESOE, K PR EERICESOL (18 4-26) . fEAR
Freb, B RH ELADE LB LB, BRSO g
SOl Bt IASTERE KRG SEBIR, SO PHARRE Lo

WOERE . BIAEVRBEMFRAE Y 7 S AR A ny T LT g7

M4k a
—H&kE b

— R PR

Wt e

JeIdE K (nm)
4-26 Mok XU IE

BEENXTERXIEIN

1883 fF , REIMZERBEE (T. Engelmann) FIAKENFENENAE, WHEHEF
BRBEZRREITTARR. BESIE—R2LRKHNKE (REBEX) REEMENHRE A L,
ARAKEFABENSEFTEHETNETR. BILREERE, SREEKE LTRSS K
AERENX, MBI —H#FIXRLRNKE., X5, EEMETURBENESN. R
ABEMEER, BEAKERANELACLCREREMS, MECXEHMRD (E4-27).
BIBENEILE: BEEXNAIERKBAGFERPRERNILIE.

T AR —

K —

NS

B 4-27 BRRETHNER

>l
el
[R]

N

BE5e:
1. REENERD, MANRDYHRITEMFTXA?
2. At AT UUNFEAE N D HHEIE HKEAXSIERNBEROCIR?



M RNV BE R 1T I BE 7 TERE S P

4-3 HEFRBENRMIBERHEE
ZENNE

EAHEYHEARE, IEHRAMBZEEMERE
LA BEX. MARRADIBHEATNABDEE? AEEU
HARAHZEEZEREHERB?

p SEE6 B i

READPBEHEATIHNER, AFZFSVEHREZEN
ER

p SCHNRIE:

HEEBEDHTFAXERE, BEXEETE BBTAH
NEs, TRZEFABEI AT ARPRERLER. AF
BEXEBIATNPNABREARAR, £ WMWK LA KM
NAE, Bit, ARBXRBEEINBENERM A LT &
HEZRBHAR, IERATRFENREDE. XM FFIER
AEWIE.

HEZBEBRENRBUEK, BRCEESHEEa. it
ZELDHNEZEBXR. DAINEMLERE 649 nm & 665 nm
R EE, RIFEXAN, IHELESE.

p iRz A :

ATRAIP (65T, 24h) MEBES (ABHR
BONEE . 95% ZBE. B7). BUBEA. BEUREM. HO®.
Wk, BE. BIERY. HE. BF. RBTEE. HrN
Eit. BFRTE.

%)
=

R

b oSIR T

1. ZFBHERNE RIREI

(1) MHRFS9%: M1 92T RLENHR (EREM
AMBX ), BEEHMANMES, 16 mL95% Z8, HEK
5% (B 4-28),

(A) gt

(B) %

(C) g

& 4-28 Mk HEIEE
BIEREE
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92

A EIfCH

IR —RUMEBER
ATEEZ, BNES
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(2) @ik BIAMEBAXRBR-—ERER, KL
“D+)#’j”§i1‘ﬁf§ﬂ)\ﬁ£%ﬁ=4ﬁn§, FAE &R W B — /0
HER, FHeRENR HOBEMFEREDSEA.

2. u+2§1¢%§)§*ﬁﬁ%

(1) EMERESE: BRENEMNRBEKRETRE N
2cmx8cmBAIKES

(2) "t AERBEAERSRREIR, FERTEE
B 1.5 cm &K% (B 4-29A), BRF. EEAH 3 ~ 5%,

(3) Bir: ERMHMNEE 95% ZEIERNBNKR, FE
MREFRBETHRABHRT, TEREEREENTEMEE
iR, BIEFMEERR, #HTER (E 4-29B ),

(4) MEMCR: FENESZEEFRLNOBNR, B
EZRREHTHHENUEALRE, REKET. CRERLEBRT
B EFULE .

3. HEZZEMAUE

(1) BRBEexR: NARDITERETRLELIHFE
MEMABBLAOMA (KREHE) MFE 5% Z
BEMERTIR, RMNEBRERR.

(2) MRER: BERRENRAB IS CEHRIGER
wWIN), ESY, &R

(3) WEMAE: A95% ZEANRBIAS, ERAKE
T 23 AU E & BB AL & RIZEURTE 665 nm. 649 nm iR AL
RIRIAE (A), DAHER Agsrm M Agonme

(4) BUELAE  BEUTAXHTESHUBERRERPH
MHERa HERDRENDZHERRE.

M4x% aiRE (mg/L) =13.70A,,,,,-5.76A

MK b KE (mg/L) =25.80A,,,,,—-7.60A .

SHERRE (mg/L) =MHEREaiRE+ HEEDbIRE.
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2. RIBEEEZEZTER, BHEHEIUMNREIRM, BEHA
FEXMEEEFNT?

3. ttiﬁﬂ*ﬁlﬂ‘ﬁ%?ﬁEE‘BHE’]DH#':PDH%%a M4xE b
MaMHERRRENER, PHEEANEYF
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2. XA ERARYRMEENERIIE
S PR AT LG 1 2 7

ot fiE

CO,+H,O ———7—>
R T Y7

(CH20) +0y
FeEAVER B R B R AN 2 — 20 5 Y . B2 KA GG ]
b RE ST v 2 B, AN SRRE R B, A2 S IR B O,
{HJR I A A e AT . FICHEI, YeBPER B O, it
RSB TR RN, 1A R AT L, LA 1E
i, TESERI BB Y6 R B (light reaction), A7 0GR MY
B Mg Vi (dark reaction), #E—B 05 A B, SN A2 G HE
ek, AR Z PR iRRM (carbon reaction) . XPHHrE&
HEFEM SN RIS, (BAAE—E IR R
FRM R ECA ARIOLEE, R tRER:
R AE . AL O, (1] 4-30). ki
X 5 £ K4k 9 B b 1
BT E A BN
P

B 4-30 YRNEEREE

(1) SLBERI S . RBRE LA A ROk
HEIP AL B M2 2 a b, B4 2 a A0 TR R
ERERL T

(2) KEDEHE: KERTIFHMEE a 40 T HIRE L,
MBI N H,0 BT, MK a s TR, 4k
L5 5RN; K EHR TGN HO 4 T2 0 H 0,0 O,
AT LA P 2R A SR RIS, H BRI P

(3) FREL AT L. THaR 2 a BRI T RE D T 736

VRN e, B SRR A LA T (NADPT) 1L BREEEEE
Je H* 25 5T 0 R RE b JE B A e 1T (NADPH) 5 L 14438 NADPH i #) & % &9

a4 ap

Ferf, BRI PR 2R AL HY RAJSREAR, ks fesee.
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MENYRETN: EE
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Bk & R BE 2 55 ATP
HMINADPH 43 F 1 i& Bk
B 1L 5 BE i R L FE
FHIBTEMICFEE.

HEERERRKER
PREEMBEN D FH
Ehito
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R H Y B v TS BRSO L T, HT e o i 2 il S 4
R 1 ATP A, 3K3h ATP BTE . Y6 N =AY ATP .,
NADPH #fE)) -2 A4 5L 5T i s g ) 267 7 o

i R RL i S A AR F ] ATP. NADPH ¥ CO, &
B R M A BRSO R e S R R R KR RS (ML
Calvin) SERIAY, MFRN-RIRCIEA (Kl 4-31).

XC)
CO,
@ Co, Bz
6 W W
=Bdeam (C,)
399 ATP
T <
ADP + Pi
ezl
3 ADP + Pi ->
NADPH
3 ATP
< NADP* + H*
@ AHEEE 5 QY
=HbE @ ZBUENTE
1 QOO =ik
\/

REHE . TERYSERE
4-31 BRNRERE

FEP R CO, 55 2R AARSE T 19 TR B 25 -, TR )
AL TIERL 2 D =kbEH (Cs). Co 7E ATP BYSREN T, 4%
2% NADPH & 4E (% H FT e 7, T2 = (BRI H s ) ,
PG BRI Tl Re S AR AR i T~ hE

— Ay =R N TR, 4RSS SRR SUIERR ., B —
AT R A SR AR i B A0 ST R S R AR B, IR as
PR SR s oA BUE R BT B AR AE T 2, PRl
FEREZRAT T AERT B HR BERIN B S M A AE o AR ITERS . £F
He R TR . NRTFEER FDE AR A iR A2 1

A VER WA B Be 2Z RIS AR BAR HE, 25 40 H 3]
2y, e N ENE, BEAEAY ATP I NADPH Jii /b, ik 52 iy H [
i CO, MHPRM AR Z FRIK. N CO, fiENy s/, ATP FI
NADPH JHFER#AL, A4S 1 i) ADP I NADP A A,
[ 2006 S B R AT R R BT LA, AR BHOC BT & T,
— Sk A R W) OGS AL LA D 22 1, CO, T R, B
R A FEAL,



MR R BE R 1R H b R EHE 77 P
y 2 »
‘ll"ﬁ#izﬂ?kr
REERARRBE

FUEMNEFHL AN AZPREYRAOEE. ANNMARYPIREEEE,
AT PERERA A BRI BEE IR? AN X —EBIPAIRSHRAF LTI 400 £,

KUEVMEENEEYE —MEZEFIXIE

AL, TELZERH: “ENERKTELES, TIERHNEENERNE—RR.”
BERESEA, AMMNEAIANRENERER, REREIEE, URZUKIERH, BMEK
MENESTEBREAENZEEF. 1642 F, WANBMERMHRRE (J.B. van Helmont)
MU HFTIRIIE. B+ B ZERMTH — RIS
MEET—TMIEETFTHNAREZE (B 4-32), £fEZE,
AMETHNEEFNRENRZDTFRLIINRE. KE, R
MRPRK. 5FUGE, MRRESHINODZPHOFEL L
BRBITWME, RUWMKENTLH 74 kg, MTENERDY
0.06 kg. M/REFIAN, EVERKBNNREEEXRRT
K, MARTE. MIAAFHRERENGLAB T MERK? E 4-32 ffi/REELRREE

TESMAEBE—EENXKITHFSFOHB
HERMKNEYNEKEXEENRN, AMMNEEAERIEYHENESHIRK— L
EARRAREBARYER. EEUFREBEHZF (J. Priestley) BRARANEHAB S
PR RERSESE, RIENERSBRER. Bk
ESTEEAENAR, NRIFRNEGRRESHESS 55
TR, BT SER NESPaRE, BLAEYNXS
EHIE? 17716, SEHBARIIREREYES0H
M—HAE ‘SRR NESPRE. BE—2EPN—X
SMHOER—FRE — AN EINREBEE, RIEYEEEK
M4-33 BEMEHNOIE  mawzes, gen@eRR. SE—2EN0—RNE—
TRE ERIHEANKESE, YA/ BHESEENEE (B
4-33), LR BNNEYES S LE FEBRE. Y
FRFAEE 5 WSS, AMUANEESZ BHSH 1 GRS T
SR RREERI. 17796, WERSFREKEE (J.
Ingenhousz ) BEABNEYNHIT 500 2 XEERXK, K
MHAEREEMPUESUNERM, REXNEEEY R
MY —HESST Sk’ (B 4-34), 1785 F, BE=S
AR DHEIR, AMIAPHEDEATRENSER O, H4-34 BREEHIRT
R B2 CO,. ={s
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EEEERR. RNYMERYM—ETIEIEAEH

1804 4, B+ ¥ REL/R (N. Saussure) 7 CO, SBRBMESEREY, &
GEBNESST CO, SENEMANKESE, ITRENANEESXREEMBLASD
0 CO,., BB ANEEAHLN, BYWAEMNLIEDEFRIKT KTE, CO,H H,0
SRYMABIYRNIE, SEENERXARS TZES CO, ABIEZARRN O,.

19 AT, HETEERRNEZ —WEEMESZRER (J. R. Mayer) &5 4
YR K PRAESE AL BE AR 3R, RNAEB IO S, BRIBMIOK S EETETHAYR
PIR? BDAEYTEIRIL H,O 70 CO,. B O, 3ied, Rt THAMKIR 21864 &£, 1&
EEMEBFRFERE (J. von Sachs) KILEN BHMATHE
MIEEFHERBLE 12 h, EiA DR ESEYREES,
REHHE—MHEHLE, HBHABY. —REEE,

BEEREE, BRIRREE, SNEASALELLEHED

W, XBIEWBHNSFES (B 4-35), HBMHEXTH

ETRY. ERTNEENEMEKABEOSRE. ARNER

MR RS, 1897 &, EERERME (Peffer) KR EEY

FIFRAMBAE (J68E) % CO, T H,0 ERABHMHARIK O, 19 B 4-35 EHEMTRR
SRGESANEIER, FIEETHOERRUR, =HE

— AN REIBTT, BFNEAEN e XEERD LN 0, kBT CO, &2 H,0?
B2 1T S R 2

O, HIRIFEH CO, MEIE— MR BIZIEE

EREK—BNBRANBIARXAGIERTERN O, RETF CO,, WFXAESIERAN~YIH
EECEERE., MEFNARANEMZORRIBE T HOBBITE.

1941 F, ZERFERE R (S. Ruben) fIR17J
(M. D. Kamen ) ARERME 80 A 3l#RIE CO, fl
H,O {79 4HEY, WE 4-36 Fr~, —4AN H,O f0
C'%0,, B—4HENH,'®0# CO,, HivTWKHIERE,
FERRIMWLUIRICY A H,'80 Y, BRHBIE 80,; M
FRIEMA C80, 0, EEBABRKNNUE O0,. XiE
BMRBENXESERATPEMRMN O, k8 H,O0., BRI

E4-36 BRSFNNOIWREE  j5kswen 0, 0RFIRM T EENTE.

20 42 40 £, EERZRERXBANERBMEFCONEREERZAR, BRI M
BE “CHRBAE/NKEENSERPEHERE CO,. MA1EIEH HE/)EKE “CO,
BB BT P IEFZ MBI D AT, T 1954 FRBT CO, U MBNEKRRE, Ak, ERXIHK
B87 1961 FHNIBENRIULFEER,

KR SHRAMBANAENNIE—HRRORERA

1929 &, PENZERREZEARN “AEBRIERN", #—FIUEXLTACIFERPERM
HEG., MEARRPRAESY. XRNPLECYENSNENAMBRT, XEERX
RRESRNFHNENERALNAXELE. TEER. 2BEMUEX K =URLFAEGT,
KEMFRNEMEEACREGEN FESKRBET TRFKFNEMMT, KBIFSEKX
R, AASITERNEBRIIFELEERRR.
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3. AR IEARHIRE ZRIN

JCAEIRYSRIE, MARAOEEHA, AT LU i R
Fr (e I 8] LA TG AR TR AY O, B sl AR CO, K
Fone HPIREE EARAUZ NER RIS, 6% 2 M
e

R A TERRIRE BRI, WP RS INhREE e i ok i
om, JeatERERae Bk, Stk anie. 181 4-37 2
PASE I AR FE 0t BGRB8 A s 385 R SRIR A5 R
MERTEAE T, 5906 Tt &= Bl e B o BE 42 i
HRIEAERREIRAERG, HfemeHBRE, Joadl

KA.
= 100f
1S
> 80F
3 60
-
B 40
<o
R \
& 20 —BIBNVEH 25
Y& 1B, BNSTRR %
. ' ' ' SEABE CO, B
0 10 20 30 40 £IFRIERB R CO,
Ye iR (KIX) 8. MEEB N TS
HEERENBHEE

= Vg AL A “ mE E— 757
4-37 REMAFNERRERBEBEXRRAREE

CO, /AR B ERE, KA H CO, W 294 0.03%,
FEARTE . FEAN TR E RGN T2 A CO, ML, Al fli—
SEAEY) AR, 3RO I

AKFEIE A ERR R, Bk & FEOCA 1E RS A 81E
SRR FEEAEDH P ROAFEERR, &fF 5%
FEPE AP PHYE BTN 255G AL, bk 53 205

. B = 2 W A TG AN S 3 A ZhRE. . Tt AN
S A & B E A AR e, (R TEs T Ae
. Jea BRI AR X Y& 1F AR E & i
LA AT 225
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B, BERERERTT
SRN. 3 RRNA =
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EREMH BWUE
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4-4 BRRAZWASEREBENHFIREFH

HEERAMBENFHARLIIRREN. RIEERLE
HEEEREVERERE, SE-HGEN. I RHEEYLE
ERNMRRAEE, BRITTHRHETRR.

p AN RE:

LIRERRPE. £VEDMEFN/NE. LAU/NE (4-6 A)
NEM, BZTICHRERRAAE, WXREBEENEEREE
IR0, CO, REFRENNEERABENLME. BT, A
LBEEBILWEGFTTE.

2. MRHREMB RIRIT. AKEEEZR VR, @I
ERSRMERRTNAGERNLMN, RIFEHIZTERNFXTER
RN, NETFIERITREEFIVHER, hEEEZE:

(1) PRBEESIA .

(2) ENEHTTRENTA? LRHEHABZIEEERR
AR B & A ARAE — 302

(3) BFNEXEGIERER?

(4) LWBRIERIRIZ.

(5) IRMEUEELWHIEICK .

NERRDTEE, MERHRIEEN, HICRIHER
RESRER, UNESRNEARELHRER.
NEDTITIEEWER, AR/EIREIL.

6. VLR R, HBFNALEHRSLNER EEEIVILREF
B, BEEM, BEKHE:

(1) EEHMNEMIRITH SR,
RER = o

(2) FE5ECHEIENHEMNERNEE, EMFEERRIPARR
HREERSEERBENXR, FRIESHERMINER.

a b~ W

REBS/NEIHIRIT ER

(3) CRBENIRER, REARNWNERZ S W20
NEEREER.
7T.RERRER, NEREVEFREFELR
y EREE:

ARALEET A, TR -—FTEINBRERINER,

PRI RRIR B BHI T3
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FWMFESiHR

RAEAEXASEANENRA BRI

RIVEFPLREXRGIER. BRSFUFEBBRARANSNHARNAB. BEADARE
B, UM EEROAHED, FERNIE EAFEBHRERA N ERNOE F
B, ACFANMERZZENRRERZZN, REFEL TR AREMEHBRACREEWL
BMERFENRMAONG, BEENOEN. SHHNRAEHEBERFENSHERAR, F8t
XRGENREREREAGTE. ARNRERWVIESEREME, SSIA T ILZA
HENEHRK, SERREVMASHFERMFENSRY, AR THERDHHR BRI~
XEMNEFER, EERESHELFENORENRITLINLAZTE, EEXT. R
], BEBAESNREF2EELCSHERINFARMEXS PN E—F KR AR

B!

ElFiFiil

. BRERR "AEGFERAREKEREENHEERN . REBAAX—MR? 5ERIE
Mo

. HRARREEBEVEITEEERNMERSE, XEERBXRNMRRNINFETK. 15
MRNZP. VIREEETHBE, DR N R N BHEKER -

. AT A EERNRDH=IHIARER T ERIKRATE. BEREH, GBEXEE
BHRALHF 1~2 UMNZRAAMASLR, RN EEIRE.

RRERVENBEERACFERSENDERMFENRE. BE. B, CO,REL
REFARENEFZMAHTENES. Hb, tRE—MEEREX, BEFEIRERS
KR, REABREBREEREASERAYE. B —RKEBEFEENRIBHUNER
LED STANR, AN IZEEMMESRILT? BiRBER. BRTOCREASS, (R
18 56 BR 58 B 1% Q0 4 115 ?

. ERSEYNAEGERERESR, ARNEES-RIBBENFNEBRURNESGHA
ETTRHY, HEEERMAIANNEHIXK EEEWF BRENENETE. FSEMNZFXKE
EMRNAEIRMENHN N SERRTRHRER. BEREN, THREEECEE
ARIMR R D mAIHE R
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RERREDPFNBE —ASRERS K

AENEGFNHZNEARELTER, MAEBXALARERRT CO, REFLT
5. 2EEREEL, SEENRRESSKREARFEE, Bit, KRIBLENTER
BEBIT, AEERRINBAMBEETHEENYRERNSHIE, EEBINLEHE
BHTHRBE, BHEENHAFRMESBN "BEITR"? BIERMELE
ERREFBTHER? AXRELRESERNZXBERENTRTE T, BIZERES
EREMANZOEARZNEEERAZ N LIREN SR E IR

NMRBRSEEVHHEREAZHERERANT , BLXBERELEIGTHNELRES
A2 EMNEB Y T, ENERORKEII LR, FEH0EL, Hd
HAZHERAFSRERNFHAMNREBRESHK (BMPSIFPSI ) E&EEH
EEEEXRNEN FIE, EXXEERRUIFL, RNERLITEEINEZNES
FNBOARBHMEARERIE, PSIFIPSI HEE 7 %023 050 B S 28 4 7 KB
2, MASHETZOSHENNE, BERELEHFBREECRESR OSHNORN S L,
BERNPONERAE, THREEDBFBENTER, TRSENEFEMROMEE
ME? TR G BUAEHRARINEE—EZRE? RIZERNABLFERRAEKR
Wii#dr. 1988 &, —(NEEHNZRRERTEBEALSEARN T LN EESHIME
Rk FiE N RUEFER, 2015 £ 2018 F, HEBRZHRABUE (B%) (Science ). (B
R) (Nature ) ERAFELRR TN SSHEYMNLEHALRUENEBLFESY =4S
MEHEHBIT (B 4-38), BRTEESSRRE. FEAZENLEEERETREXRR

BRN=EEMNSARTR, URBXSHENZOSHZEAT LN "#EX" N&EB
BRRFE=R, AAMESFREERASERNNERE T =H=RELEMNER, £

HLEHETANTBREREYNSEEYAALEERINENEE. HEZRML, TURE
R, BERBENAREYEERERNB D FIENORUBT, TUFHIHHIRE
FRBIENN A EERIRATRESNE, EETUBIRXRETABENPHAEES
M "Z8R- %" AHBE -—ENEYFRARE—E, KELENSHNED F
2®, EAXEBENFEHMIF LT B ARFEEE,

4-38 BRAZGIEOARBY FEGYHN-HEMELE



K EE
A & [o] [

AmENLE

HENEGEFTEERENERYR. N FYRBIHRNEHNENTEF
B AR, Ko FMBAYNUARE. BELAELME, AHEHRES
EaREEINFEE. ARRENEEEIERERBEEREUNRSINRHT
VIR BRARIE, XMASESRIEPBEENEQRAEARZTIEX.

ARAINEERZHETEMRN, BECHSENE —MHRIET XL
RNBINSWHT. BAZHEEEAR, BRNECHERERESSEDF
EWETHEX. BE. pHFHREERESRNTEARNT AEBZMEERE
M, XM TEMERSINEHEE NI R

MBENERENEERE, ATP EENARE S AN E EERY K.
ARESTFRERSCIBAERSIEND F L ATP. X—TiEkh, &5
REARRERPEREMRIOBNIREER, "E£EVEATP, BEEZHT. &
BREG HE N etk , MR\ DN CO, K1 H,O0, FEKRE ATP; TAEFZHT,
SEDBANE ENBRERIARE, mELEATP. @ABIFRLEMHEBH
MBI RIA, SIMER. ERNEARSHEERL. BHIYEEENH
7, MREASEHBEEENLR, SERNHNEZSE. ARFRHR
BrizBTFARNERESEEF, NERE. ROHES.

Y& 1E A S EYMIEH SRR IE KPHEERIR ML FEE. 1§ CO, # H,0 T AKE
MO, HigiE. EHRNA, HFABEREBEREENEE RGN K PIEIREE
2, HEH,0, £lEEEMLEY) ATP I NADPH, BHESEER O,; NADPH 1 ATP #%
WHEES5EHRERBERTHRRE ( FRXERK ), REIE CO, EMAESF. ¥
BEEEMEEFEIELTP. XEERATEE. XEEE. CO, REENRERZZN.

mp
0 oo 5

=]
(<]
5
B

KEERHMAREHREREFENNZREREANNZERTIEM, HEERNMR
HRA T ZNAFESIMARY £,

MERTHERERREF THBNTRER. XEEREREIERE. AR
FREDESXEIZEHRTAAME, WIPRSEENR. RHMREYHEAER
BENBEMER. RAEZMBEEMMNER. RRBITFRALR. RARAKERR
SHEERNEMIMELWRFED, EMALMEREYFELNNE, BASXR
BUMBRILEERRED: RIBRMEEFTDR, RAREYF K&
HERMT=ZIERK.
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1. ARIERP 2 BEMES, FTMETENDBANZFRE:

I iR 4 B

iTE A3 >R

BIREEMS R EZE 5.
(1) ZRNAEEHGMRE ( )o

A. fHEE SN B. HAEHRER C. ZRIRE R D. AEg IR
(2) EMBHICFEARRE - RNAITEMEERERRZ
(3) IMAFNANERENELENEEREZ___ C, EAZ
(4) ERiZRNAETE, EFEESEIKE? A4
(5) BAATFiEm LA TER KR AR 2

2. XBEYENBTRENGER. B4-39 BXGERAIEEE, FERR
MR, BFRRAEEIERBHDMER.

4-39 MEERAZREREE

(1) MEBEOXRR C IRFIMAIERZ

(2) Bl A. B. C. D. ERIERR .
(3) NADPH N EEERE F & EATEEHBERD.

(4) CO, N AER, MERAESFEMIENHIR, TENHANRE S
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3. BATHAKEEYEENEL O EXRNEBMRSVURE, XNREBABD,
BYFESEBNREMIREZNN. R4-5 BRT —HIWEHE.

*4-5 LTWHIRICR=E

EY5XFRENES (cm) BOMEESBE
10 39
20 22
30 8
40 5

(1) BoatMEERERINEBNSBTERENRR.
(2) RIFMGHHAMZE, DPAONEBNSEFEREZANXR, ML

R .

4. RIEXNCREBEFTEAR, FICEYD AREEYMRBEREY. SHEHEEYHE
tb, BEEMEEFRERMK, BfuKR ENAEEZ HHERSERS, &
ERMEHEREBETNRD R EE. E 4-40 B —FBLEBEY —MIBEEYE
AREFCRBE TR G RET/OML.

500 1000 1500 2000 2500
JEREGRE (1X)

4-40 WIPEMEARRCREE TS ERRER CO, &

(1) E4-40 KRB EEMH AL . RERBBEEYHI 2% .

(2) IRIEE 440 HER, RIXPBEEVNBEEYEENARLBEE L
RBEMLERE.

(3) ERXE—ENREBETRIMBEMN, MAMEETEMNRERN?

(4) Bl A EERRKMW CO, ERREMERIZMTA?
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5. XWIFR, BBAEBRNRAB R TEHEETHBTER. EEEME~F
NeRBESHERR. BRI AHERXNERTI ZHE —MNABIRER
2, FRBIERIE.

6. MBMAR. BENARIRESHEEARANIETRE, HHABITR
ERBEIREHNEEFR Y —. HREMN, O, CO,28. BESTM
MIBERIER: TSho, SBKT 10% K, AEFERINIEMS O,
SERT 2% 0, EMEAFR. $R. . HEZKREO-1C. CO, A
BEF 5%, RENEF: M CO,AEBIT 10% K, RISTH. B4
SHXBEEMREIR, it - ARIEENRBRESE.
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MNEMFENREL, IRE-—RNERLEME:; HDE O
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21% HAREIHHTIMILE

MBI A KRBT R, A2 S A2 10 4
J#SBHE BIEIZ) 104 Ao HEABAENT, BUEMEATAER, A AR
CESRAMBEN | ESREE, 0 ARG REE A, Rk

=, HErMABIEE P ST =2 Y y T . S
o S B4 T SELE RN A AR, FA AN B 20 A 2 el S A

. 22| R TR AR HIWe? Fr RN SR R E & A FIFFH IR (5 5 e ?
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E I
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- HBEBuepHEPH BEERRKIEPRENTA (B 5-1).
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IR & 15 B R
i F e

5-1 AHIRRKEEREE
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1. ABRKERED, FARARNKE. KINVEHAZK?
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EIRSESRERBETRA, ENERNERSRERE

EHENTK?
3. XANEREDR, ARNAEFSEEEERTELL?
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1. BLPRFPILEEERNEREE
7S

TERSCR I FE A, AT 5 m MR AR B e I, (H
AR EA K . L, shidaIEs MAR AR, Hik
NARM RGN RGN, HTHE S A T A N B s AL 5 B S 2R
WA —H, Sl WA S AN A 22 3 24 R, vl LUAE
240 I s ey Rl it A% £ S B AL 4 1
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MEBREIFEE K 5-2 YRR A XA
Mo B A A IEIETE /3%, SR AREAE L, B
oY SR N Ei ke

FEAL T3 2 At rh, FRATTE B IR R IR 4544
SR BYR (chromosome), 240 HIAZ N K 22K G 45 Jit 22
PR B S RS (8] 5-3) . FEST24AT, i #il DNA &
il 7 28 B e R A T, X — B Bepk el . 2
53 T SR I T S A T A S s AL 5 S TR 43 L 45 PR 1 A
M —HE K 22 AR G TR AT 3 TF 0 o 3 ST FRATT T X —
YeRFE A B4, 2R NSRRI, RAFrTh
IR R BAGA], R BLRIHZE, KRG
0 5T BB E SORH 0 A R R e R A, AT R A A S R P v
Mo FLZA P F AN, a2 0, e (AR SR e Sy e
LN

TENA], 454504 (0 P B9 DNA KA, Ge o i 402
BEAb S5 TE B A5 e e A, l R XD B, PIA LB
RE RO HR G AR, SAMRENEEFEE, Wil EE
(centromere) AHZEFE (K 5-3). AR EA REE X H 1%
R, AU EARERA B IR S AN, IRAGERATAZL
IR A 2/ D45 e kN 7

5-3 RBAEREEREE

FEMBETHINE LAMAYRNE R RLRR
(mitosis) (77 AEBIETE, — IR 2T NP5 RN oE 4
R TALI. M adferh, gMOEE. BEYmSsE LA
—FRINVEAL, NETHEIT, B2 50 PR
RGN S8 G N ER U U 1 U5 s D et SR S = B
AIEARHE (K 5-4).

L $ B SIS

IR

/
|

ettt

|

Jefafi

5-2 YRR D E XA

(40 x )
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2 28 Bf DNA § %l
RIETHBEBELD
FEREEEN—F1%.
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5-4 mh¥)MEIBEEEREE

A7 2257 ZERTI A R R E A (A RN D5 i 22, B (AR
LRz, AN R R R IE A . BT
B, A g E R o RS, ARG (B
TEAE 22K L 3 TT , o3 S RS e 22 1) IR R 2y , A ERE 2 28
JeOIRBA MR, fFhe Qe @, PORIREE, ¢ i iR
SRS EISR S E i

AR 5o SR — BT IR T 22335 91, LLsh i ania o ol
W6 240 M SRS A ol 1 ) P9 TR, AR A A 2, B
JH A58 S S T AR

A 235, TR @A A SRR e A )
G 3Lt R Qe A R AT R RAIE T A st A% 45 L H R AR AR
FEE B .



miELRIERBERMRERN R TR OERRTE, 2
I 22 ZE AR BT AL A 22 0 SR R v st A% £ B Af £ 128 ) Rt
B S AT 4k o0 2mE, LT 4B P ) A O AR RS 1)
PR, I LA AR R Ay b R s e Rl 2 ALY S TR RS 19
Yitkss . Py 22 LI R OO TR, ERTIIT 4R Il — A
RIL DRSS (K 5-4) . A 225r 38 R, kA TRl — 3¢
R B R IR G (O BR300 th 97 S 22,7 5 | 1) AR RS B, 520y
Mg R Y ORI o A A0 B IR B RS
ty, ABARAE > R R AT DR 22 . DT ERIR B 1

5-1 MEEVRRABBLYR

MEYHERENEMEER, SN2 RIERESEEAR
2 EYHARNBLYRIRER, REBANTANGELAE
MEMEBERELN, ENXRPREZEN -—LEHRHNEME.

p SCE6 E i

BRRABANTAUMRLEEBVARBLIRATRE, i@
SOE5MYHERELN R, EMENARBELDY RIRE.

p SCHRRIE:

BEYRRREHABIRLERER, SM2ALTHE
DPROAFITHE. BERRERIR, JAWEREY AR
DRENHARSEHIEE-

poiid it zE B

ZEE. MEMNSACENEYRS, s = (B5-5) K
mRog i RBIZNRSG, BRGR. BIRR. SWA. BF. BIl.
BRI, K. iR (BEERIFLIEE 0.2% RABER ). ZIBKE.

= .
p oSCUR DR

BRI MRERAR, WEHKRARLE, BIORUIERR
ERE S, BEEEE2Y 2 ~ 3 mm.

HfE 8 1 R LI I IE

5-5 m=ARRBH
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BRI o i EE

(A) TFH

(E) A

MMt 5>
T b2 B

ANt &5,

H 2 e e o

ff] P8 97 Jee

T BB 24R
Hi g,

& 5-6 {EY)MmiEREERE
DHEIEEHER (40 % )
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2. @

AREFEERBRRERUNETRE, ARHERRBEM L
BHRR, FEBL~2min ( REFBIIARFERRLEIL
T, EREHY ). BMAMIKE BHRREHBRKEN—N
BFRBNORE. T MPERBAEFRRKE.

3. ER

ERBE, MBRRBEM1BHEEK, BHIZEZ. BE
KA N—WRBTE EVRUTFERAFPE. KRR
XK, SERZRAE BBEEER TNE/LT ( AEHRE ),
ERRDEAPIINEFTR. BARKE, NFRA—WFD
WFEIBEK, AsIREAERBEKENKRURESTEER.

4. |G

FERBRERTIUEEDNRR VSN HEHERED RN
B, HEERZABL TR MA, AEHRBSERN
K, ZHRES-6MESHE, FACRKMELER (X5-1).

& 5-1 EYIRRABBDHRELIRANE

MBS NI HRBIE NS | 2 npiv | s mpn

%1 | mero | meys | FEEE | HILH (%)

i8] &R

EIE:t

Hh A

PR o

[5 A

A A

p LR

1. BZVHEBERENR? ITAARARHREBHARR LS HR?

2. RMMRBEHELGTFRRPENNERAMARE, RTT
BERRE .

3.IRWIRHMERER, BHEVHARBLDYRETEH R
BE, ASOYHAERHBTISIELER.



L $ B SIS

2. AP =ABRMNE

R AR 22 53 B0 B2 00 TP T LU B, BV A
M4 BAE B AR AR5 X, KI5 AT 38 87 0
T TE HE 7 225 B MR D . RS 4 i R 7
AN AR, YRR W 0
(TR R AR . DNA SRR RME 4. BRI T3IEA7 1
MAINK B, SRR T, SR O A
AT, DML U A OB T — Y5 BG4
LU BRI (cell cycle), 4k /b2l (G 1) A
SREL (M) (P8 5-7). AURMIT B A B A 45 1
wtlidr, 4B SEOREI P B IR A S B T mAREE, @5
o MBI R, AN K, R PR T
[ 90% ~ 95%, WMiAIfE 280 H 5 5% ~ 10%.

5-7 AR EE

HAR AR B 2, NI MAT 2253 BB 28 A 5k
ASHATR], EL40 R ) R 22 AR . A7 BB M 73 2R — IR A
R, WA . BERESE AL 2R N,
AN ARSI 0 A0 B SR 2 0 24 h, A AaE Bz 4n i
AR 9I 10 h 22475 3 A7 LE A0 i) 20 e SR IO s — 4R 2=
HOAF . A0 R R Y 25 5 2 Bk A RN, i
— HFE AR5, RS ny s TR AR XS R AE
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ElF# il

3. HIEESZHARER

AR AE R AN 3 27 ARM A o IRz — A 1
4% DNA, S iilJ5 40l DL B3 — 20 o8 “IR A, BTl
AR IR . B AR AN Y 2 2T SBR TR 22002451,
WA T2y SRR 2. Herp, o220 38— Fh ] i 70
273K, R AU PR AR W R L My K T A (T
5-8)c Jrait, AL N YLt A i SE R, A A AN A
JREAERLR — 0 ., Jogz o RLORAE T 20 AR N E] PN S0 AT
PASE I A e o IO SRR v S 2 AR M LR AR AR A B A
M 2T, e GRS L) M.

5-8 BMBEYVIHNTLIRTEE

1. @Bz RIRER, BIHAMLESMRIET FRARS ZAAREEERHN—H

M2 B HIRR.

2. MREVZAGARORSEEE, RIEBTLAMEBERNTHRIR? BHEA?
3. BEERNER, EXSHABAMEXRNER. RHHEARILHIAATBERNISST ik,
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ARABEXERENRRSENAR

REREN, YA0REHFIL. AR/ HIZRHN, ARsHIET, EEER
T, A2 IRESNTTE. AEAERRNEORSEEZMERSITAN, AiES
RIBARERMEE SEORDKRBEMBELRHE, UHRAERISZOEFEH T, XNB
TEEBNZE—FINERNEARSS, HeTA— 1R THE, B2SBARIH
KERS, AREAPEETH, INMBETEEUREMEFHONRR, XTAUAHREET
WEE. X EEREEFEENE X,

BEABLYRSEDRBHNEZR? 20HHL 80 FR, UMXEHZH (T.
Hunt) ARENBRIZRMNNEENZBNARIAXABEEOR, SABRSEEFHZY
X, S3AMBEEEES (cyclin) FIAEEHESRBIMEHNE ( cyclin—-dependent
kinase, CDK ), cyclin 1 CDK i R{1K LA NR M E &P KBz Mie BN E F it
2 (B 5-9), REMNKRURE, SEADEEAHHAERFNERK, TESSIAXIHE
MR, BRlERMNESHMPEMAR D AT COK B /EMHITEEK, FARESEK
EEHl, A, BRI HYRME COK BE/E M, NMEREHMEEE S HOME,
flan, MAEEAEE ORI COK4/6. CDK7 RILBE LA LN E, RFERMUL
AESHRFLZMG LEEHENAY, BidX A COK 8913 E &1Lk BE 1L A J22 20 BE 3 N
N, DATGETIBREN BN, 2015 F, £ E ) CDK4/6 MHIF AWK G H £
E, BIMBETERTHBE,

5-9 CDK4 5 cyclin D A& {E#HMAMM G, Bi#H AN S BinEE

113



w)%  INEE LR S e
& W4k

" ; mELEYRERZ M 2N HIEHE R RARARYE
3B 200 MR R ALHO ARG, SR ENIESHgE & AMHE, Hixg)

* BILHIDAT, 15253 Rk HE— TR, Ba, RIS RN A
EXANZHEBEY

IR B A T B ISR E?
o 3¢ 5] 15 BE 4 BB 4 1k
BENDEBERM.
o 3¢ {3l 15 BE 4 BB A 1k
B 3T AR 3 R AL A AMARBEYNMARE
E¥YEERNEN. B
S REEARABHLEMIILE? SNNESHNERES
o SR s — 1?2 BERAOENABIEARES5-2, HERENNEE.
s EMRRBITIE A, i NSO
S A S A *5-2 AMERAE MBI AR
- EY)HIBEE2EEE. Vi) el AT EE
MY THBWEBSS
PR 1EEES . ‘
PR
T4MRE
BESNE:

T ANB— "B RMANMRE, A4l
MY HENINENER?
2. EMEXAAMPHNEEEEREETEER?
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1. HRRESHMERERARRE

FATAT ATE AR N BIE S 5 D8 25 AR R A4

XM TELRT LR, ZAEINEE 2452458 4 gk B

IR, FEREIEEE T, A2 B S mIiae 251k,

ST NRA R A LIER T o Blan, whze 4 i 4

AL, ARSI B rine; DURZEMERIE

BUHRDIRE; MY, ENRERAEIE, AR ERY

FIRTIRE; M AT A kR, W TR AR Xk

A e 3 1o 200 B 53 AT A o BB LT B T 4
) SR VR ) 20 MO o 2 4 A R B B b e o RS RMATMED

S, XA ME (cell differentiation) . iUk

RET A MNMRE BRI, SA0NREEBNEEA

Ko ZHEUN A LTE B A4S A A0 BN 5 A IR IR A s A5 A

B EFEARNFZERIAN A, 355405 8 A IR D e AT

(1, VABC MR S 450 Mg =4 22 %4k (& 5-10), n4r

MARRE G ML 1, WIANEE & s B, B B 4 i

RBA R S 2

5-10 ARABEDMECTREE
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THIEEEHEB DR
MO ERIBES -
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AR, M Y o3 Al e i 2 A8 AN 30
AL AN BN FE 3 2L, a2 At . UL PR 40 A AN B A
M SR e AR B — R RE S E, PUAT—E R BIIRE, R
A E M EMALT. . (AR IR O T, Al e
Ui N A I 2 O 5l b T RO o0 24 I BE T, XL AT g
e AR AR IAETE

2. ARMBN2MCENDARBERE

AFEAM B RE T A 221 A A RE T K F
FESER R AR, FRATPRIX T4 i BAT R RErE . A 40
HAARErE, BImBGaym F a8, fead &0 TR, ol
KE BUHTRE AR (18] 5-11) . WA R IX AR BE T B 20l
A AR RINH,  FCAn AR A S A B SR AR R S AR
YEDI i 4

5-11 {EYAEBHN D ENEEEREE

ARG A T AR R BTk L T A RerE, i EHA
RIS AR ) AL RE A7 AE—E 2257 0 NRNREATAELLANME |
B AR 2 AR S AN PR G RE T AR, A e
—REA AL S ERE T T 40 (stem cell) . +
A RE 2 A A O 52 MR T4, W RE T Lk
HA G E AT AN (18 5-12) . TEshIIRG . R LA
PRNFRBE R AN RIS T 40 . IRIGh BT 40 & & v
RETM T A Bl AN RIS B AR A 5 AT P 200 g BR 57 2 22
eI IR OB AR A EL 28 E T I A



IS 53 T B A A K

5-12 FARBKAEEEREE

RGO E B e TR AnN, M ATA N A R e
REJI A RIRIERY, BRI R E AR ry4iit. i
an, A pErh A A, HAE A MU AR SE T B A RPN
GARLLAN . F AR AN/ MRS (18] 5-13) o YFATIR M A
AULLAMEAE T, SEPh 3 I T4 5 98 7 BT B 21 4
B kb 4 R BB o BORZH AR g A, A OIR LA
TR B (HAL I AN BT A 42 i 4 AR e S, 1
R 2R 2 A AR 2 B0 5 AN REAS BA RCERr, A I
TRAPUFFRAT B Foh 22 2R M

B 5-13 EMTHESCREE

FAT, THMEROy RS0 “Taedila”. fln, Al
TANMAZ LIRS F U i — Rl AR T ik 20
2R, Flea K © s ol LUE T 7e A AT R A 2
WAEAF AN 2, FRORFEIEA B 0 AL IE . X IEAR I 4k
TR TR Al R 1) R AR5

I Fi#&E

ZiIFIRE

A BRAL M R £ 53
& 1& 28 A1 58 HO 4 4 4
B, ABHRBEERERE
RO R, XLtz
ME—ERMHERE,
BELERE, TN
AT HF=ERATER
gm. Fit, B8LFE
BIURRMEFRL,
ZIFRE ., FRREH
BIR. BEI®R M
RE&R®, MILEE
AMRA -
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FWMFESHR

THREEF LNNA

EEEMFREF (G. Daley) BFS: “20 HEEHYIBTHNNK, 21 HLKE M
ReTrNEA." TEREBTFEANMEETPRXBIRARZ—, &5 7T REMNRME, Eif
BEAWTIZNATEZFETNEHA.

BrE1968 F, AMIFBEMTHARKNK THRLEE—FIBRBEFA. B,
THEBTHRAAR—HHFXOAGEZBT XA, EENZFNEZRFE THEE.
2011 &, —(UBKENRANEFARZTAHARFRGITIORA, EXREHNSETHA
EEANFMZHEOYTOBXT, BERMELA, BERTHEM 4 FORB, EHTUE
HOREYG. BEESTHRETANEFNNODN, BRUESOAFBEZIOFTAR
=L g

BRI TFHARETNETRES, BERNEAHEH, EXMETHEEZRERE.
2013 &, MERMAATAHARFEL T “AMAR” E8, JUBPANREXTRE
BRAOKNABAPHRFEEEDR. 2017 F, AMMMMABTHARVELEESHNATHRSE,
WAIRE, BERTHEGRGST.

THRET TR CRNERMAANR? — G4

El# il

1. RIFEMBOAEEN, WZER. HRisTHIE. SHETHRMOERETHRF . AR
BRIZMH.

2. AR EZTHTMEE, #FiRBTFHABAIER.

3. "RUER" B—MBZEEEREY), SR/ ZFLESRKE—RHER. BN
ABDR. MMHBE BEX-—IREFMREINMABEL.

4. BEREMN, RITIETFARBTEMEHRNRRSNA.
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FEIE

CEriREE T ORME, Wit —R. RELZHN, RKILZE
55,7 BARFRG, BMAEMEE O EsEY, RITEAE
EARE R LRI B A o AR AR B EAIPE T AR AR AT L,
A AR R A th A B SR A A . AT
PR EREHT? BRI 2L

MpE 5
MABANABABENEGKEE? BRI, EH
5 5-3,
% 5-3 AMRAREHIEHE
el gl
AR )
BE5ie:

1. 5AZXRBXEE, AIMAKRRIEEHLMAHRE
GEENESF=

2 ANERABEETER, KRETHLEZAH? LT HMA
fETME?

MR =EFIET E B AR

F3BtR

« BESEMZES, R

mMEREMECE
—MBEREETRE.

- BIERA DT, E

RABARELT
XIHNEERE Y.

WMERE

cHEMNRZE MR

TaEEFRNEAR
MR-

cHBEMETEMAR

EMNFEMNEER
o, EEwEEH
BEBE2MME-
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MREAREZELEED
FEERE.

5-14 MRARRERZ

MPBPREFMEET Y
BBEEMETHI
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1. HRFERENRR

RN SREE AR SN 2, XA M2 I 5240
MR B DIASE, BN, MEdE. IR EES S8
FENICICER T TERSE . XS i B B WA A R A w2
ZAAE Y AR B B R N . SRR e K A A D R
RN AW A — S ZI 0T, BORMUAR A IR I 4R
A=Al ARG

FYIBAFAE AL IS, AR () I RSB T A
Yranp g BRURLE R iSRS ISk fEk A
SERKRI Fr 4 2 J5 80 AR s v 1 5w 3k (& 5-14) . X
SEFUAEN g B0, PSRN, e RS IR,
[vi] s 200 B AV AP E R BRI AR 2 TR . 2B A
EBTT SRR AT I, XS B A EREE, MR
RAAy, Fo At S EIAET

FEAME R A I B, YOG, e SR p
FEAREE 2, A mIE S8 IIgeRi & k4 — R IR THE
(ARAE, AnISZEAE R s/, AR S T RA A SO B EME R
TEERIETE R, AEAA TP AE; A0 N EERGTEPERRAG . AR
MRS, XU AR E (cell aging) 4., AMMIEE AW
AP ANALFE ) ARG . 5 A 0 R R 27 2 A%
WHEINK, SMRER (WEFRY S REAL . WL
TGS ) FANTEINE (G0 DNA B . 81 RS bR
AERTIRE T RESE) FRT RS . FEdf &
o FE, AR AERRTES) . P . SERITE AR A A T AR
MATEAEARWIRIER & IR 5 2 W BB, Gl pe sk )4
A ) L R S B 0, AP RE TS B RA 4R ML R
UFATIIRE, AT R (R A T

2. IBRBEARAMNECER

AMIET R A TS S 2 —, RAEVIRIEREE . B
Dl L A B —Fh E AR B R

FA VAN EAT A3 A0, W AZLAR AR A7 120 K
WAET:, Wil bR AT 1~2 AT SR SETi4ni
SR E R AR . X LE RS ET T A URLA
H EPERAE SRR, 2t adah], BARFE. shYdiies



I E T2 AL T 2

HULRSET T SRR A T (K 5-15) P TN S g e
AN LSRR, AN o I R A AR B R 2R
AR TSRS, A E T HEUB S5 B i R
AEEMIER BN, SRR g A, R A 240 i U
T-HZESRHR; NRIRIG L E BRI 4 58 T o

TR FE (& 5-16) 5-15 F¢HREET EBERA

CURTZIE, 2 A o A 78 il
ZA/NE, WEAMENEY)

(A) SpHtet FE R A AR O T e i
B ek T 2

(B) /NN R &, FBEAAIZH
JRUAT: (FikFoR) s I
I

&l 5-16 MEATE=HREE

MY REE R FENER, R B E M1
7% A R S MR P PSR T DI OC . 30, B IR
S AR A T S R AR TR B, PRIE A AR
2 A L AR PR B

240 01 52 A e 14 S0 5 DR R (P B e fl S 5 P T
BORPIR ) W BRR AR, ROV AIIRAE . AR IR
P H R A S AL T B . N, A R L A 2 SR
BRI AR A D) 7= FE A . MR 8 i T b =, B S 51k
M R LI FRRT, M FEAR AR EIALE, oA
iy EARBAC L LR AN EROR, NAEYIR S A
Hb, T8RN JE B A AR G R . R, AEART PR
R R AR IS E S DU R, LASR G S AR e 4

El# Tl

1. RRWHAZERES, HARARKETHARNEZNL?

2. BERRKARBFHMN, KAZEFREARRENET? B
fta?

3. SMOLM. BFFEINRER, NINATLIEIE %K E
RERMIBIAGE ? BEREN, THRID2MHRN . ¥
BWEARLZERHBS.

I FBi#E

i g =

M B e M
BRRBEESBNBAHT
2. MBS REINEEN
ERENANMBEMEER
ERBH, ZHERE
RERBHETEI.
& (E5-17). E¥IK
0 XT 1T a0 R LA, BB
DB B A
BFRET, AR ES
WiR. 4R 8RR —
LEAE. ERMKRBA
HMERTHRBRNARE
Bx. A, MERE
R U NN =Rl 7
HNEIBYRIATT X
LR

& 5-17 EEHERE N
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mE/NGE

ARESDRBITIEE, BLAPRENEVERABREBEENEEZNL
B4RRIEDR, ARARCRESERRFEKRECH, BRE2SEEKD
BAOHERBERKR, Eam P AAR. 822 RIEPHUAHR
BRTAMDEAREE, RIETEEEREERN AP —H1E. A
BEBAOREERMN, ARBAHRKE, TESEMESZER.

HABEESDNHER -—RBENERBAERLSEWNEENELNER
£, AR ENBAREE, EEVERNEREDBNT AR HE T
THRABDPUEHNARMENCRBEIEFNER, JUNEFHTRES
HZ&EE MAARDICEEZHRHNE, JERT AZX.

ABENRENMECE-—WEANEEIRE. @REFEXTCEDR
AESEHREITEENMHER. TRABRRENECHARRESEY
MREMECHRZRZ, BOTFHIAZTESMEROM S, A
XKEEZREHENIMRHAREEZEE A

MBIRIE. D, REMECHSABBEZANEETE, WHIFE
FEMANEBEEENEN. EREDTABEDHESMEHNRA,
ERAMRERESEEDE, BEUNFHNESNZ. X THABEH. A
BAOKENZRENRERBATMEREFAONE, E0HTFH -2
RAMSHER, AEEZFINEDHIIT TANRFMEERAAEL].
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1. £ "URFERRABNELIR XRNPEIHNRRMAIBUWE 5-18A
HPDOQOAREAFAR D RBHNMIE,; B B 2 FBRRMAM D XREH

TEE.

(A) (B)
& 5-18 FRIBRMEMNBL D

(1) HROPFENENLE ( )o
A REE. REK. ABKRE
B. fHE{R. REME. REBIK
C. MifEE. REWK. HIEK
D. MMEEE . &R, R
(2) PIERGEHBONTRZE ( )o (k)
A BLRHR REEERDE
B. BARHBEEHBON 2 3
C. HEWNE, UFHNAROKIRMMNFHAR
D. PRERBAMKENFRARR BRI
(3) FHAMARBOPERYRAENTHRAETN:

o

(4) RITFRBRRAMBABBBMARZ AT 22:00, RIEE B, HEMEF
RAIRRAEMBLIRTE, M RERNBARAE

2. EMBREHEZRE—MNME/N. TEXE. TUNBIEFHNER. REMNF
KA /RHTE (J.E.Sulston ) R T HMRKLBEEE 1 090 NMABH S
HleiE. Hf, 131 MEBN-—MATHLAELRNAEIEHRHER,
EMNZERNEBEETRLBHOBEDEABKFE LAREERSHIEEHH

(1) NAREsHEAEDH, SWRALRN—TZHIPE 1 090 NMAAR
HNEZEFR, RENEDENEESR: o
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(2) %GB 1090 NMAMEAP 131 MABNBATH AR EKX, RIENXLEMIE
HROAHNERE ( Jo (k)
A ZEREEREREYNZHREYRIEIRE
B. 2B REREMBETEXREAEIEFHN -—MHIFENIR
C. FIRAMF L RKIE B R
D. ERREMIRNMIE. HEFEZHBUENNS TG
(3) HMRHARMEARNE5-19 i, NHBARERHBZ ().

5-19 FMRMHLRMAREBREREER

MEO-HMEEOEH T — 1 MHERE A
EHNEMENATHAROYERS
CHBOREANNMREEN FEEEEYRNE D
O ME QMBS ARG

o0 w>

. WF—THAEME, EK. #R. M. RENECELANEDHE. A
FHAZMNERAABARES HIENRBREAR? B5E G B KRS HIR KR
K& %
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Gndtet, Blghi/hy (LR REMCRERA S LR TR, HiRTHT
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SPNINS @ Ry S WaN Tl he SN INE - S: N VRS S N TR 2 GNP & S e Y < ]
WEPRLH . BELHR, BONGR—LBONAIA RN TR S WA, Ff i
PR b 0 . RS EAE B 5 SRR R A FUACY X T 306 e I 1 e 4 A
iy, T AL 22 PR SR B AR A A W SRR A, XA TR L (BT 3R o0
VEFRBENHC R, BB AR B0/ SIANTHRR, DME ST .

FATRA, T EFIRE ) BB, B b rE AN R 2 Ak e A B RPN, AR KK
KA AN E AR P RedR th E 5 WA B, FRR R ], (AT B oess .

202045 H



AMHAMEFEEER

A M A F B9 B AL E L IC photo, & & R 4 E( 1H 2-9APDB ID: 1HRC , [ 2-9B
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