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KB EE ‘E[I (THE ESCHERICHIA COLI PARADIGM)

& & & & & % 2 8 O 8 8 * & & & & & 8 & & B 8 ® B S 8 & W @ % & B @ 8 8 BT R R FE S F R R BB

WL 0 A B R AR TR ARF R W B A 2R 7E A v o L B T A A
AR ELIRAE N . (B B AT AT A BR A A B e DS B AR 4T S B X B LA o7 — A R SC MO Bl
HBEU T A -HHERMEDEREHRESIT TR, $2 EC BA ¥ 41 & K 5 #F 8 ( Escherichia coli,
E. coli) a]¥E Ry E 01 . 55 KR AT 08 A & 7R [R] B, 5l F) 55 4h B9 S s e S RS I A A BB LB e W
WHENEENEHCQTELARN, X T8, RITEE L E. coli N0 3 4 £ 304 0 40 ) £ B4R 4E .
FATE H e T34 — 0 G 20, RUE T2 A4 88 B & b 00 22 380 4 W AF 32 69— 4~ (6] B85 104 55 55 4 4 1)
A, B EWETEAIE R AR LS & B R,

AL+ (CELL STRUCTURE)

iiiiiiiiiiiiiiiiiii

R4 370 5 SO P o B0 A AR, 40 T T 48 0 R R A BROIR (coceus) KRR (bacillus) #1488 5
R Cspirillum) . EMTARSRAEMAMIFERBOBEMOR,TLLL ENEREEY. BT FARAME0
AEHISE i A7 BN FR AL TE 2, WT 43R 9 tH 3F B4 (budding) | #HF B4 19 (sheathed) #1424k 9 (mycelial) ,
E 1 1R R AR ) 40 T (. coli) 40 7= 5P,

40 e, F & ( The Cell Su rface)

A (ol 2 00 400 M 5 3 0 5 B 1 2 18] £ R T SR I T . B L P BN R M R 9 S A
TEN DB A SRR SE B . 58 AKX e ThAE , & 4R W 18 A {0 E [ It BEAE K4 740 I 32 o 4 B
A Ao 3 B 0 T ) O A AR S N AT B 8D B4R (BN VB, JBEUEERE A% 1 R L % i M 2 40 B A 1 7 1
Jh . A TE] A A B A B T 45 A4 0 4 R A BT AR
B B (Cell Wall ). 1884 4F , 7+ % £ # Christian Gram 48 41 6 40 M 45 & %0 4o (0 5 P26 95 %6 T8 K I {5 i
DREE BN A MEZR TR Y b, AERE LA MM ERRA Y% S R E . SN
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. BER T

1 e :
4 1000~2000 F 8 (ca. 10 4+ 1/4 )
60 Fl' tRNA(ca. 10° 4 F/401 i)

Wi

M -1 — A R WM — KBRITE (E coll )BT, HRLBT M
K, ARAD o

TS T EBAMEBIX 4T P25 A4 R W) 28 U 0 40 ARG . 0 22 P 3% 40 R 4 ) 290 1 4 i <% T 222 L P
WM ERE S, ME1-2 R, EXRHENERETENSEEEH  BREMPMB, F2REHE
B e 2 R AR . B R N-Z B AR (NAG) Al N — Z 7B L B B8 (N AMD B4 32 45 4 AL
BLRR BB A . — A JE R BE S M B B . 4N B AN R BE B0 — 1 L R R MR R TR X 4 KRR 2 (W) A SEBK AT
(cross-bridge) , &2 2 (G MM 4 3 A8 5 ER W (Staphylococcus aureus ) AR R EE A BE ol iR
100%, HE 2 E. coli (3 2 FRBHED B B F X T 30% (B 1-3), H e mAEst R (RAFTE
T2 G PR ) R 7 A B R A T o R T R B A R
EHMEEARRPREEERFRE-RLZ. BRERSRHAEHEMRRERBERE . RS . B

i L ER - LEA BEA
fm Hi Bl A

B —
M

lil-E A
i A
At
= Rt B AE HCHF
s - IR
J& I %% (]
}l 1 T — -

i

i

55

(-.?
B S B
\ WE5iE
i

352 B T ¥R AR

g e ; | B e
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%7
B

o G |

M1-2 EXRAMAMBEMARMAERAENENR. irERFFEFEaEEa, foMES RN
ﬁ*%&ﬁgﬁﬁm_ﬂ%ﬁn %%1#3Eﬁﬁﬁﬂﬁgﬁﬁﬁ%a



ERE 3
WMEMEEYER

MAEEAEERECOS) AR, /- FShERNEZ
i %3 [8] §5 ok &l & 55 fa] (periplasmic space) , 8 EHEE A
— B EEAFH AP E 1-2),
AR (Membranes). 5 % [ PH 94 F0 85 2% (% BA 14 40 I 69 40
JH IO 5 ) el U2 AR TR A, b AR BN R RIS R E A
EM R PRI E O AT L SRR Y. A YRR
M54, 5 el & 58 B el asE.

BRI E R S R BE & 4 (LPS),
LPS P EHFHTEEE 2 RKASMARMTEEA ST .0-HE
(O—antigen) , E2H I Z M/ L MEE RO . XS
A7 1 B ) 21 41 48 8 75 9 38 3 (endotoxin ) # 75 B =4 =
A L A 2 R B O T o BT IR B AR BE L 40 14 A g
T4 5 A & — 09 8 28 58 28 1 32 4 B0 00 41 1L R B N T 4
(bacteriophages) , '€ {11 2 12 3« 40 0 09 75 5 . M 1k — B IRt
A XS RO kS SR A 4 B 4 B

A TG BH P R 22 DG R M A O B G e
AN A A RTS8 P v T A 40 B T

(b)
B 1-3 WEMBBEELEEH, () BERE
B, BRSNS AERE NAG . HEF
RIFT AR NAM, EE HEF A /RS

BRI AT R A 5 SR o A0 2 00 G50 0 30 40 00 700 S o 0 9 FRME A EHEAR RS GER
“RPHPERE P RESA JS PR B A 4T AR, & BT R BB, (b) %2 MR et
SR b EA B RAKE R FL (pores) . B AT AT fifF A 2 SEMBRSEE, KOKFELET NAC
KEy Tl midE AR FEs A, G a9 8 i B ek 40 M ik #NAM S ; 55 09 7K SF ¥R BL 32 BXHR: &
P8 f¥) 322 4 1 4K % B 4 2% 4 7 P R ML HETREM.

FER (Capsules). 2440 76 () 44 M BE 7™ 4= — S A8 o B 72 (slime layer) (B 1-4), SERR th 22 88 (g AR X 4
FHEEMHEEZEK LS GERE D-HEMMYETEEAM. iiti ¢ % BR 8 ( Streptococeus pneumoniae )
L 750 Fy € JEE vl 7 46 408 7 7 6 0 R 2 R PO 22 ()G T B— 1,3 — 1 B— 1.4 — B ol 3

CH,OH COOH CH,OH COOH
0 0 9] 8]
OH O7K, OH 0
o HO HO
OH OH OH OH
0 0

ARSI SR BRI e B R B W, R R R e A
PERY IR . T % 9E 5 FT I (Bacillus anthracis) By 7 4 B 32 1% £ 1k
Hi D— 4 2B W A4 % . R RE e H 7.
=5 &% B (Organs of Locomotion). iF Z - MEBizs., hit B
v, ENIRELL —F b I 0 5 UM~ b B & 5 — b O H B 7 K B 4
R M TFHERR, XM E EENTHR AN EQ WS E4H
PRI B 8% B, R Ch M B . 40 W R D ek 5 4 B o i A 0k
(F 1=5a), MARAH ATk, & T4 h 88 F , 5K 4 40 B 76 i Pk 5 55
thile gl .

B EBL#FE (Pili or Fimbriae). V¥ % 485 4 W ¥ T 56 FLEE A9 41 i 2%
Fi . TR B A Tk B A 4 MO S T AR A A B . X e SRR O B E -

Cpili, 3 B HLT 3¢, 3 % “hail”) 8 £F F (fimbriae, ¥ AR T L. 5% @ 1-4 fih 7 $% B % ( Sfrepfococcus
“fringe™) . X S BRHm At ol {7 T 40 D T BE ob S 07 T 40 R T P pneumoniae ) & 3% i .




4 I WaemeEy

3 S A S BB () 1-5b) ., — MU, BB TE 40 MUBH 3 TR ks A EAEH.

E1-5 #EHmMEY. (q) Salmonella typhimurium I E, (b) E coli IFE, (RIR. FEERD
indigo {% 8 4 8 (hitp: //www. indigo. com)246t, ZEBEZZ LS IRBEEF,

8K (Ribosomes). [T 40 B % 40 B 5 (N A8 — 6 1] A ol B8 T W22 3 52 [RDJES 640 6l /) SR 3K 26 /N JBDRE 58 2
Bk, EHHANAE 65% M RNA E35YMEARLE 1-1 ., EMEREEMESEA RS
(BPEAESR) . WAEE T WEEMEERE, EFEMNH P, ZEEMARSRE - FRENFEME
RNA(mRNA) 4 1 | B4 iU 5 b & B35 4K (polyribosome) , il Ff £ B {& (polysome) .

4 L N O B 0 BT N T R B R ERTE A B A BURE . B BT R BUR 70S(—A> Svedberg HA
FOR RO R TRV, 52 K0 FRaFR/AH X . R4 YR BRI AT 2 w4
B 4. — R 508,85~ R30S, RASEEMTOSERAELZHRARPEERN. MLZ T . Bty
() A2 B A I 5 R PR A3 L 9F H B A (B0S) L, fiTHE 40S 1 60S T~ M4 K. 708 F1 S80S # ¥ {4 89 1
FETE| M G R EEME 0. 8609, B P2k b Bl K 09 DU & 8 70S, 1A & BB Y

80S FHURE . BN Sy oL 4 AT fE J2 ey P4 A 6 DU 20 M 2 1 Ol Y, 3 — B U5 L 3 T 40 S A OB R Y i [R] 4 9
o b R A B SR

DNA . RNA #fF 4 i 694 M (SYNTHESIS OF DNA,RNA AND PROTEIN)

KB FF B CE. coli) (e 64 B B A~ (TR UEERY DNA 40, Fo 1 B ¥ ) 2R 1 40 I AE 1< fn &5 4 i 75
FEBEE. WTEHMTEMNTES FEHRER FRAEK, 8% DNA F il (replication) , ¥4 5¢ (tra-
nscription) # @ i¥ (translation) , 7E4H 0 P, & Wl R K DNA #9985 M5 1k (duplication) 13 if —
4y B (binary fission) LB P~ T M . 75 o R, MM A K H 20 E B (mass) X DNA @ Ee{HiR 8]
s B BUE N Ik A& UET DNA I £6 40 I o 351 AU BE (cross-wall) , Br 28 53 AT 40 B

K FFE ) DNA S8R ME 1-6 ffas. W DNA 20 F MR MR & Corigin) IR R EE . RIS
LTl i DNA, S50 (DNA BSE)E DNA EHl0 0L — S 888 E R %
iR VR VS g R T ) R VRS R G T & o O O AR T O RS 6 TET . B DNA B 5 R &5 5 18] 4 A By
Ji 9] RE 2 i, HB YA S L (replication forks) E4% 55 (terminus) 8 (BEAR 45 &5 1807 1k . X B, 41
B AT 40 28 7F 9 25 37 4 LAY O 40 1 2 ) IE R RE R 1 -7, TR R, 7E T 0 0K T BG4 T B, o 0 1R I
T 40 M S b, 2 3 0 UK BB 1) A0 R O b i B, MR R A B (0 R DB b A, AR S LA b ok B D AR ) 4
W, REABEEANSFMAREZA . fiREAPRACHEMZL AN TAHHRE LS 2 EZ"DNA K



F15 8 ¢
REDEEFSR

G NS TP LR R 55 T T E S

E1-6 DNA SRS P A,

WEHEEDNAPHBEFEREN M P RAESRNERHEFEN. EUFESREER WE 1-8 fix.
H## T DNA ) RNA BEBE 5 B4 & TR MM 3 1 (promoter) #2 8 #1 I , SR 5 3t 6 (4 75 1 4b J) 35
FFo Al RNA SRS BLL DNA ERH # RNA, £ RNA # 05 {# RNA(mRNA), mRNA #* 52 i 5
SRZTT L AR S, & PIEF RNA AYlRBR 47 4 1,

EHA1-7 HEREEENT®E. E1-8 HRAWEMIERE,



6 | B

SR E L P R30S 508, 5 A TV 80 &5 f — S 45 5 09 800 R HE O SRR
MRS R (CRNADHI L. TRNA ST B IR S AT B 1 (] A A TR RO A e AR Dy B SR R R
O R A BN T B i R R (PR SRR RS T O — R A9 SRR 11H mRNA BiFNEH
B BRI T RO R B M e A B — A S E M T S A M IE Y (adaptor) TR
RNA (transfer RNALIRNAY 47 F . $E4F EUILEE A (RNA Fr ok 5idk tRNA 22 F . t(RNA 5+ F B4 B
% B 55 F (anticodon ) #7510 5 mRNA [ (A% F A7 MR . A4 f R (RNA 70 F [R5 38
B R 0 A AR AR i 5 B, B A A A 7 A S I R 2 (8] T IR

% R b 2 S kR S — A (RNA MHIE i 5 4 (RNA BE B R MBRIR N .
RS R ATE E (S RNA Qa8 F —%mFa, bR Mg iiT, H 2R8I {E{ RNA 8
v AsEe B EE UG, BEEARGARERET N REEMN LT CRELmn. hEE
B RO  M mRNA B9 5% J7 44 8%, 4455 mRNA 9 DNA £ 758 RNA B4 6§ R S0 2 W 3" 55 FF
B . TR AR R A O B AR 58 (E R R X MR LR MRy RNA R A & U B9
SeBR B EAMEE A R RNA B4R 2 M mRNA FER, X A M FY 5 mRNA G W7 — SRR L
THUL Ud. Bl B Ay ie g 72 ILEE 2 7.

A%, it Fo 1 4% 64 38 1 (Metabolic and Genetic Regulation)

I T AT R A - A 10 5 A B e ke 1 330 e b 0 Y R 4T o6 AIUHEE 1 LA . TR R AL
B R T, DA UL IS A B A G Y R R N TR R R L AR Y. R UL A9 RS A i 44
5 HL i A7 7 o

1. B35k 69 & {2 #P #l ( feedback inhibition) £ 18 49 V8 75 ( metabolic regulation)

2. B84 HL{Y PR I8 (repression) 5 i% 5 (induction) i& 16 (9 V8 5 ( genetic regulation)

FZ 5t 400 g 2 4 AR vl AT (0 R A0 3 P L ST R S T B AR L R PR R AR A A S OO bR Y B R
A0 B0 ) L I A A S 7 AN L L 7 R LB AT AL, AN TR] B S R R AR R A Y S R R Y 5 R
B 10 HE4E T S BEAG ISR LA e A . FEIE 1 9a o, 0] 20 B OL B A 2 i B T A TR
A, 1 b B S8 B R R A R SRR e ] L RDRE R e 4 C o B e BE B A B | RO TETE .

F A P it} Cik:
KPR -
[
M A ﬂﬂ“\a R4 A ) A i
O — BiE ™ Enzl JF {vEnz I fﬁﬂ&%
oh )74 B whial =8 B hEF 4 B
N4 Enzll Enz Il Ty
ABEHC o - A4 C i C

(a) (b) (c)

W19 MEM R R SRS AR LR R B, A,B R C R RBRE MR
P E R ROE . LA,

5 A A K 4 B P 0 A P C B T AR Lk A R 1 3 R A ) 4 D K T A 1A
() 5 S T PR A (L 1—9b) 0 Rl IR R i 1% A9 BB ( genentic repression) . 2§ B3| & &/ 4 ¥ & 1
I o 3 Fo o A A 4 O A B SO B 00 . T R b R — e AR o RO L B S BN — B BR G 8 H (repre-
ssor) o F LA R DT 25 0 ot 2 K A 1t A PR R TR 00E — 0 % ik M L . 500 25 5 R ) SIS 00 RE S R o FR o e 2 1)
Al R R L X - G L BEFR M B B (induction ) (] 1-9¢)  AN[R) A ¥ 0T LRI AT Bz 5 0] L BH &
FR YA E S AR U R, 5 5 BB U AN A 47 500 20 F0 B e f i 1 HL I .



™ & Wi 15 2 (MICROBIAL GENETICS)

aaaaaaaaaaaaa ® = ¥ B & LEE N I A

RL LS T 5 R BRIERN R HI it B2 S BUAE A T BB Bt it G 2 i 44 1) R B L, BRI Al E SO
V4 1 O T 4 B A A ST A R O BE B BAE B. E R RNA 4 FRBELT S, SR mi g T £
Jbkc e o 2 A T (1 E Y . A ) 3 R BY (gemotype ) S H BT A At 4% 037 AL DN (A RO L ] 2 R T D SE
Fiéy 7T 0 2 50 F) &5 B = 0 A0 Ak BEAE 4 I E & Y & Y (phenotype) .

AR ERE TR AR TERUARELSFE, xR BERNEL KR ECEE
(alleles) , 44 Hy B 7 22 a5 A5 8 i 1] 2 0T A8 B9 B 28 78 £, X R0 b 19 i 7% B 24 22 3E ( mutagenesis ) . 2507%
THIILHFR R A R S A, LXK 5 F IE W /Y a8 BF & &Y (wild-type) {7 3 H . B & 22 % ( spontaneous
mutation) # A 5 &7 DNA EH B E EH R b ok S DNA Qa0 5 E N ERmT ', 3
HE Sk B AR BEHE I 2 AR B R, X Pk AN (UVH B i ST LR AR EE BE ) L [H 0 fh A5 4, — sufp 2
WG GEG | & A, XA A A M N A RN A (e R ENE FRER N FEN
(mutagen) . tHiFER GEAREK A FELZ BT (induced mutation) LIX 3| TEERE, AEEEEAEAS
BB nsh AR B e T L et e AR R R A 0. fh T 4N o 4 B OR R T A A R B B BRI % E Bk (mu-
tant) , BB SR TS ES R H K, LHEYHAEA R TREREFTH.

FI A KRD AR KZEARET DI BNAE TR, REEFHSEMEXH =
RN, Bl R E R (arginine) A Y S — SR HNIEN arg, KR —4 KEFRHAHL
X AFH arg 3£H (U0 argA,argB) . BEFERIE U NG FHEFEERR (W arg) HEFEBRE B 4H
EEFRZEERA =Y ArgA) . ERX—8 FE BINFEHH XEAPHONBEYREERXCT R
BRI T ILBEE IR, E. coli PE R &3 CE (R AW LM (I A A B R & A4
1o K8 B RE )R &G B aY B 28 5 AR A W E 0 ORI X B A AR LN (R E LR A
a5 SRAh R 4 T R D G s AU A0 2 IR B L 0 20T A 3 R b kb i a3k AR 1R B TR A BE A e (B — A arg
RERTEMAREAMA 4. WEYEHFERAMNZHAECG Y E RIS S ABFAEE . 2,
— 1) ol e 0 3 ER % 28 AR (AN ae) I AS TR 3 W B 5K T B IR L 7 R 1 SR s el Al U 2 HE - AT B B
Wi 2 98 W RRTE & A X A IR M R B PR AR AR K (BN, — > lac EARBRABEE S A FLEER B SR 5 A ) .

FATHY 235 40 MK B #F A A e K4 4639 221 bp. FEMENE ERYEHE A E LIBEEGA thrl B H £
B ) B B ek BICLA A A e fa 44 1 - 40 M 5 B B 5 — 1 4 M 69 B 18] (min) 27K (100 min &3,
LL thrl 75524 0) .

% & B (CHEMICAL SYNTHESIS)

tttttt U R & b B OB B A OB & F R B NN e P oW

% 5 £8 2%, (Chemical Composition)

A5 2 o 2 R B P K P AT R 0 D) 7 5 A e K BRR R 4G W A9 B R B 3R P A KA 8 40 min B
-0, MFRATH AT R e a FR AT A AT O R B A O SR O B e - T
U AN E A AW, B THRFHMNEERN 9.5X10 Y g, HP KK 7020 R 6.7X
10 Yg BphkKig B THE K 2.8X10 Ve, HNTEMASOFEEATRGSY) A RNACG 74,
3 RNAG3Y) {5 RNAC0.8%) . DNAC3. 1%) JEME(9. 1%0) 58 (3. 4 %) IR BB (2. 5%0) , ¥
Lty A E 2. 9V MRHLE FO1. 00, A 8RR R R S5 6 35 5 40 B S AR 3004, 4 I AR AR 24
A 9X10 " ml0. 9 femptoliter  BITFJ7 4322 0. 9 1), 26— B0 7 3 AN 4 B () (R FR A /N, il 2%
REAY E. coli 98 1 g(RH0 b 293 1 {444, 2 Bk E A O S808) 100 4%, YitH (ka8
AR A R EE XA F A G0 8 me THA 3 ~4 pl Ak, FRAOTRE ZAOB A4 M, B0 P AE



8 I MAEHERSE

k. OfERdEA R, MENESTHERGHE 18700 MEEEM 200 2T AE QS F(AF 1000 3
20004 MR, FHAMBTF R RMEMM R A E M., RMAKRSDEET HRINZESDEA LOK
B A 4 F 2R E R GERATILE 25 ] TRMHERGE R Pk,

R TE A S AR St py s F @ E coliy 0 40 min BT E HIE A O, 3R 58 L8
B EEA R EH TR EA e g HoRIETF 13 Fhaf ity . BERATHRAEYE
M PR R 13 AU R AR E T AR R .

0 4 sk B A A A ol R S HUE s SRR A R AN A X e AR B, T EL D AR R R T 4
HTIErTREMER, X TEQEEYGREN . 231 Y%, B 1-10 /7@ EEisE, 2l
7iX 13 FhfC it . Hdh 23R i Embden-Meyerhof (EM) i = A8 (TCAEFHF =4 py (LB 1 -10),3 #h
R B BB AR R 1. B 1 — 11 S e i dnfaT A AR AR g R B R E O i B ARG L B R
A TRRME. BRFIEEES LN EE R B EEET @R — 125,

it ¥ (Energy)

B S iR/ taeR. ERMAEMARANEEHNERERMNECEYE2RERE T B8R
(ATP)Y(E 1-12), #Mi/=4 ATP B9 A BFp. (1) EHK FEEd , 7o 20 sttt B — 1~ 6k
Bel H— e a9 Clnes B i R TN MR B D B0 40 R IR S B 1T B ER (ADP) ; (2) S|ALBEERML , ih T ES 4l My
F5E P9 A1 i ri Al 2 B R AT A A RE R VORI SE S e LAY ATP SR (H) ATP /KB & &k, 5 ATP i,
#t ATPase) Ll ADP #MIICH B2l ATP,

e R AR AL R R SRR F 8h N (proton motive force) , T E—AEE M LN A EM &% fil
TCA #H e fesErh B A e H M e {FiB55 - RIS RS 4008 F M & %] (cytochromes) (¥) &
He. e HAMEERE F— Pl A& H S — 0 TR EERHTK H' Rl gmast, 458 &R
BP9 S A (R3S ) F pH (LS 88 ) B 2 5 T B 4R I B O =2k ATP, M8 CH{RIF4IM G & £ % T4, i
DA — KIS, EEEARSHT EAYEFREEBEAEEEEMNFE coli ] HEMR M
— e IR AE R R R D CUnES R AL . TR R TESS 9 Hihig.

FALIE B 5 & & (Oxidation-Reduction Versus Fermentation)

AV RS b . fe o BB b S A U iR R P B B S 24K 9> 1 (hydrogen-acceptor
molecules) . EH WA S 2G4 BB RIEEN —#ZF B8 (nicotinamide adenine dinucleotide, 455 %
NAD)(JE 1-13), @A a) NADINADHH H' Moo S EE RS, A YaaFXrEH T
T Ao] AT B U e F 2 AR ZR R o 2 BRI B . XA RF 2 B8 NAD ' MBI Gk = , 4 869 NAD FE &
FeAbnll 7 NADH, #FHiBEM 250 /=48 NADH, A © 60 H 168 1 2=, B 1 90 B A fE B 4
NAD . Wi fp g ol 28 A 05 ok sk R IR A NAD' 2 JE 22 85 BE M (9 JEAT | 2N 088 40 5 A S fp
oL, P ZRUEY . B35 E. coli #VGEH NDAH E 69 H %2 &5 8B W2 09 A 3 ™ Chn 7 86 B8 5t 2 Bk CoA) LU
i NAD' fiff . X il #R B0 24 % B (fermentation) . RE AW W ER ™ W ARG, 0T IR, RERE. T
R7 LM, E.coli NRESEMIT AT BYX v & B 2, B UR T/~ A= 2L Re (A AR . MR . 2./ . CO, L H, % (&
1-100. & 1 -1 3 ILER AR AR,

Fl-1 MNAEEFENEHER~D

- 4 =4 il 4 H 7= 45
Suhc'fhurnmj.lmxf e b)) b, LAY ClostridiumCHR#) PR, TRE A, T B
Stre ptococcus( 4 #) LAk Enterobacter (41 ) P R AR, 2 TR
LactobacillusCH 4 ) 7L Al E. coliC 1) LML A, HL . 2B PR, Sk




FI1E
MEMEEREEF®R

0% 85 AR FUE DRE R AR PR . AR T A e R IHA AR 1S AR Can i M R B A R A B 1-10)
e A A AT A B R . S P NAD GE & A WA RE . NADID £ & 5 45 i U5 SR 5 itf NADP
B NADPH 2 5 4 P & s R AL R 1 . B MR OB 48 B7 7= 4 ) NADPH A& iU EEZEM.

E%[ﬁ;:%i BRI ED i#i#
ATP NADPH+H
ADP NADP'
2-FR-3-R5 -6
G—6-P A /‘ = G-6-P-6- P i 6T Tz ] T B R — ﬁjg%ﬁﬁm B
NADP
CDE_‘/K-NADFHm”
X[-5-P E—4-P| [SH-7-P| |R-5-P|| ——|R-5-P
TK TA TK #
R1-5-P
G-3-P  pgp G-3-P  X1-5-P]=—
X1-5-P
Y
HE—6-Pl=
ATP j
p=r ) S pi | BB REE(E C,—C,
- ‘“‘\L (fE C,—C, [AE1TT) 2 [G1E1FF)
y Y
| 3-pP-HmfE |= I-P—H il - 3-P—H W
Pi NAD + +
\anmﬂ* ZE_PHADH+H+ i
ADP N AD‘
ATP Pi
ErL e 7R
ADP . +
ATP ADH+H NAD NADH;+H+
A 9L . NAD
. NAD
Hf+Z 8  NADH+H
2B \—/ - W
Co, l
- a-LREIL R
e ZBi—CoA = 2 Z.Mi-CoA i\_
1 co,
e SN )
o _;Zfﬁzi 21/ y\zH
2 +4H
— 23-1=
e sl 113 TR
+2Hl ¢+4H
d) . TH

E1-10 @EHNEREE, DHELBRLHHEHELEH, G, 8.6, F8 18 R, 4318 X, A SHEXTEF
B.DOHP, _EHAHBE OAA B 78 TH,EEIE TA HEE,



10'&&@&@#

e o F I AT

o g
Bt &
... \
e P 4 B i R A
RO B AR
P N

co,

2-F-3-He L

b
BT e =— WEH-1-P

-P-tiRE  (-P-RR )

l o i %5 g
i —— (A 7)o Ror s
%ﬁ-lﬁ-? Hi 6 p
JE. T o B o
B — R _ﬁmﬂmm
B ~— 1 = AR /
13-l Hh FEE
A
{6 4 b F A 3-P-H e ESTE L.
agg }-—ﬂfﬂm —— D E R o
- F BEE M
S TF AR co, | H A T
W R = T ~ e
RABHE
75&@;@ Pl
JE 5 Wt gk kg o B R '
J/FREN 5
6 o,

mergE _  4FEAE

R
B =

Hnﬂﬁﬁ MUBEIR 28 AEE
B -1 EEBEAAXCEONEDESNER, KMERGEHNOPE 02 13 LG4 SHED+
MER—ARINBEEASDANE, HPH FHIW-6-8 (Clucose-bP), B -6 HE
(Fructose-6-P); B A E#§A (Dihydroxyacetone-P) ;3 - @i H s ® (3 - P-glycerate) . &
# B2 7. A BB ( Phosphoenol pyruvate) ; W EIEE (Pyruvate) . 7 Bi B A Acetyl CoA) CEE S
2 (Oxaloacetate) ; o-M % Z# (a-Ketoglutarate ) 5 15 B 5 B8 A{Succiny! CoA) . jEiE - 5-P
(Pentose-5-P) ; & X i Hifi - 7-P( Sedopheptulose-7-P) ; 77 8% - 4—P(Erythrose-4.P) .



SR H'
(I O, THEEEE) ™
. ke 3 b
\I T I ot
| T
41 B R ™
- =]
| _ |
- | . T
EaRiAT . 2
B B EADP)
o — B RR(ATP)
CH, « S ACF TR
(.
cC—0-
|
COOH
B R AR

E1-12 PREMIEARF. SABEY URTESSEEARKSSE A ATP S (ATPase) MRS N E A, E
BEFSHAMERE AT =E ATP, M LEVAE R o Ik{E ATPase sk, EfEitEET 3 MEF(H)
rfATPaser fE =4 — ™ ATP, BEHRKFREL SSHEBNMRBOT LM N S MRk REBS ADP
X ATP, finFE TR AR AR Y S RE BB SR A5 T5 25 ADP 4 A ATP, B 7K T BB 1.

H NH,
e Oy
H "‘.rlq* H I,l.] N‘{J
B — —
Eﬁtﬁ}mn B HR
(NAD) tlfL‘lDH (ljnﬁH
"j:zH Cli—':";fzf c=0
NI, CH, CH,
H-_-H | |
Hfi/CDNHz <'N f“ CH, COOH
i
HY | H NN COOH
| H |
Bt — @ —Hu HEM
iR I NAD
+
(NADH+H") (I:DDH ﬁ:DGH
(a)
c=o i
H' +e” +0
NADH+H" ‘- s % * = H,0 [‘:Hz '1|3Hz
m CH, COOH
Pi+ADP ATP COOH
(b) a—fH &R Pl N
B 113 R EEARIEDS RS (NAD) . NAD 7 10 35 B o 89 1 E1-14 HEBREH, G, HEM
. (a) ERTHAEME D BREEBYE NAD §9 R TEBEBIEER B LE

E.(b) SR HMNAD L K (MEREE), R EEE
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#.69 B] 4L (Nitrogen Assimilation)

BUEIEE R E REAE N . MR R F 2 R A& A B B R B0 W TR OR
o A BT AE M7V 200 HE A o 1] B 18] R Orh i L AR b B e e R A
L T HL R 6 S 1 O AR AR D . BB (i E. coli) W 640 R AL BURR A9 NH, . &4k
PR3 A CEHCH Y P o - BUR M R B B 1-14), BRI SERG B SHH
B RREEANERAHEHEY A EREERL N AR BERRLER. WE 1-11 7/, X
XEMMGER R TEA SR E RO, B LERVEILS 14 25,

% & (SPECIAL TOPICS)

I I R I R RN

# £ Je T (Endospores)

D RO B 5 A0 EF T PR (Bacillus) M (Clostridium) 87 4 5 5 59 45 H9 B A 4 78 F ( endospore ) .
MNAMT ARG H MR EO, E B S
BAAE O ERTH X, AR TR T R,
VAN E R A A AR IR EE R T, BB A Nk
THHMAEMEREARNESFHEMEA. AT BM
BT AT DL 3 T A A A B L BOE AR R O
B E IR AFRAAMEANEFAK., ERTN

s B 5 % B R R AR O B R AR B AT L
(F1-15),

4 K (Growth)

— 0 A A K R A A N BT A A B B A )
ML A B B TR . R, — A8 A 00 78 64 .

Lo RACE IR 5 A G0

2. E IR AL A AR R R A i B0 4 B £ 4y

#1-15 TEHEENRBRE L, TEZZEMNHE
(B}, —TEFHBEMNSETEARE,. -1 F

3. Ref ik HHEFRARCIN— TS TRERNE R
A, I M A 5D 5 6 ‘ (CX)o Zepl A & A2 (R)F0 3R (N) 6
5. MM MBS FHME. B4 FHaR S 58— ERTFABSLER FRET 02 ym,
15 3L 4 B e im v 4L 4y {51 B Stevenson, K E. , R H. Vaughn, and
fﬁi?ﬂﬁ%iﬁﬁmﬁiﬁﬁﬁﬁiﬁﬂﬂﬂﬂﬁ%%fﬁﬂi E V. Crisan,1972,J. Bacteriol. 109 .1095)

KBRS P O BLACHE AR i AN BB XS A 40 J AT R 98 . B8 A8 I 00 BF 9 T 1L 136 00 5 A4 400 42 B 7=
(AR HE , e BB 7> A 37 B 5 1R

L AR (Growth Cycle ). {r AL A4 A S T o 40 <7 B F 48 4% 24 36 LA (6] 067 00 = 15 88— B oid fi) L J
H% A 64 40 R 43 B8 4 LR JLAT 9 B0 4T

A R A A A A A A A A
RSN Ty ATTEL 2 6 o8 80k 8 o 1R 1T BT 900 06 (9 48 v KR TS 3. 76 4 s i il 40 440 R 28 ) T L FF
TR
bh=1x2"
411 L C B8 () Bl S F A 4 5 A I ) 9 2R A AR B (i = 2 IO M EFY P EAET R — 40 M at,
TE 12 A~ T A 64 40 B B L T s 2
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b=a X 2"

E e REVHEMMY T SAE M EE. BT R AP0 MR () B 2 Y eR B0, BT LLEBOC 3 AE
Pl B by L 40 s o (%) B0 (EE A P O S O 0 . LA 440 i Y 3 S L B (el A P el A8 B AN 116 Ay Bir s 19
— e . AR R, FRMTELL 10 RIEA AT H. XETREM ., KN VML 10 VEMTHRES T
0.3010 FLLizELL 2 0 I A B .

8 st B A B A i CRP — 1~ 40 M 4 8 BT 75 B A0 B TR o A b BT A 40 i ke R 2 4R ] 64
SR o 7 - BEVR A BT A 0 B0 4 B ) AR B R R BT A, B 1L, 45 448 B 78 ( doubling time) 2 45 S BE (A BB (9 1m
frafa] . anPE 1-16 Fras ., 2940 MR AR B A — SR e B IE K TR A M R E A et ], S
B b d5c 0 48 b A b AT B 40 A BEJRE 1o 1 B FE 3 A (lag phase) UL ZE T3 40 M &L FT BB T T BE. 3E N BT
WA MM AR ES R, X -2 E R ET, AR PSR E NS R R
By R A i 1) LA A0 R T B P e SR R ok &R BT LA 3 BE A K A R 3 8 3 [ ogarithmic ( log )
phase | o 5 1] # F5 *4 $§ ¥ HA ( exponential phase) .

|

e

S Fom

Log,, &4 4
f=] Lo Lid = LA =21 | =B =]

1 1 1 1 1 L I

0 2 4 6 &8 10 12 14 16 18 20
tf 18] /h

EHI1-16 HEBRFYAHREL K

TETITE N (stationary phase) , BUE W ) 2 M R Y B LA PR ARG, i A F R AR E
B BRSSO RR AR RENN pH THBESHAEKERTFRMHETE.
TR ST ) A 9 A AT T A 4 S E BB 40 2 0 A B B A 5 0 D B0 T K 49 %5 F R i 40 2 1 48 B C R e A
TRV ECR . Dt FUE W R 2 AR RS A BB 40 2 40 B BOE B — A4 SE 4

B I WA B0 40 B8R SE 1 BE AR BCE T B 2E A SE TS B (death phase) , BE T8 il 42 i 8 £ T 20 B ke
THRENBEYAEM S TCHRMFERE T, ET Wb 2R EmR, HaRNE RS FEE,

AR IR B — 2L ¥ S0 RTE VN & RN TE SR I T R R EOE Y. RN A G B ) 2 a2
(&) 35 T e H13EFh Yy b 20 ML B () X 27,

h=gx2"
HE 4. ,

log,b=log, a+n
1QE||Jb=10E[nﬂ+ﬂ]Dg|u2
logib=log,a+ (nx0.3010)

fist Ty B P B n B T R R ORI ERORY 33 B I [R) P ) 40 4 2 A SR

— Iﬂgl'.l fr— I'ngﬂ
0.3010
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PRI Cey ) AR 388 I i) 0T phy 225 95 50 BF 6] 0 B LA ARG 28 Con) 9678

t,=1t/n

i% 4§ 32 75 (Continuous Culture)

iR R R A LR (“batch™) By IR 7 A BE SR A L AE B A HE IR AR R R R, R -
4, whr LR HE KR, ER IR A IR R T A B B R B E . S AR AT R OR B SR
P LA R R B KA G, RE BT I A M E Y REAR e KA CHE R, B, BiksX—H
(1« 448 J 0 5 3, B 40 B A B BT L EEEARAIT , R R Ar T 2 A . B AL 2F (chemostav) B AT T 1 5% 40 g LK
M R R A B A . fERCRR R b BT A TR M LT R DL E R R A B B R N . B
Fr 009 VR BLE o A e S A AR A MR S i R LA MR Ko . TRAE AR AR R B AT B R
S 5 B 3 RO AT 00 R e PR . A R o TR A LR

%M & K B E F (FACTORS AFFECTING GROWTH)

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu & & &

& #& (Nutrition)

JUT AT 0 A 30 A AL B A 1 BT A AR B0 1 3R R wi I L U L BB URORN B A IS BT (T R R
FOLEFF AR, fUEDERFTHEFEARA. B M 2 5 K15 68 I8 0 68 ) L1 B iR s
o JAE A LA R AT AR I BT A B R RN LR AT O A A R kS

. THLEFRHE M (lithotrophs ) GELL CO, EAME BRI A M XL M E bk pe (LB X
HLE 35 A (chemolithotrophs) 5 “ 1% 71 # " (rock eaters) ], 5 M FH 3 25 45 68 &t [ ¢ 88 T4 32 & ( photolith-
trophs) . EfITHEF H EVLE SR A IS H.

2. BULEFBR LY (organotrophs ) {8 S WX LAA UL ELERIE MBI, XEBNEFRBEMED
( photoorganotrophs) fE F| Al & P R fE B2 B4k CO, ANk aY . HETNE F B 4% W (che-
moorganotrophs ) | F| A #L¥ T4 K.

LR L E A A S M ERBET R B EMNERAH L ARE L. HAENTES 40
A H A E LA RS AR AR Z R . TRILEETHLE FR RN — %
AFFIE A EN AR HEA VLY EA KRR A PL4 . 3t 10 BB JCHLE 9% 2440w 6B F) 4B a0 A AL
Beili., feRE CHLE FANMIA —FEBE CO, AP REHLE], 02 A 888 [ k8 ¢ — 2 & (Calvin-Ben-
son) |1 ¥ Fl ik L) 3 B [ reductive carboxylic acid(Campbell-Evans) [{G5F (UL 9 &),

— B AT HL AR R A Wt BB A AT CO, 4B 8RB 5 08 LB . I BLiE & A EE L CO, fE R —
RlE A . AULEFRME Dol M HTHE . B ENT KB EEMSEHLERM & KEE G, . KB
WU E (Enterobacter aerogenes ) T 6F 8 #1501 AE LA & 854 ool — B AL RE KB, HEH
HLE 7R BURCE S . inBEER A (streptococct) #I 4 BR 3 (staphylococet) Xf — b ol 22 fb & 15 o 2103 /46 | 19 ed
o B AT R IR E R R G 1-2).

AU TSR A AN L= R B R4, MamA— T4 amiEEmE
g A AR AT B — A RS L TE e R W i A X R R R IR B R 3R B B (spa-
ring action) . ¥4 [KIH 7, OGS XM E0 EEMEKEAVYEZ A X IIRE. 75— i /Y B
FHN R -FELEREE R -GIERD WX -EROYIFAREENERLOT Y. W AAEAH
T He R RAFAERS L EHE 9 # Al.

TR 22 B0 T O TP AS 5 2 B R (B R 2 AR Mycoplasmataceae ) ff) — BE 40 5 B8 op 2 97 223X Fh
Tk M A B TR A R, R R R (Mycoplasma ) WA A A B BEWT A A K. A0 B 5K TR (Achole-
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MEMEEXTR

pmma}ﬁﬁiﬁz’hﬂﬁﬁﬁélﬁﬁ?;ﬂﬁmt{ﬂkﬂﬁEfL#ﬂ]ﬁEL‘—iﬁéE¥ HHREEALEY. KFENESEA
BT B AR MU O A S R (BE TR & BRE O i ax 22 9 ik

£1-2 —EREYHNERER

KB RIEVTRHE 4 WY ) g Bk 24 i B 07 2 BR
BEEXEFRY
kR
NHY
Mn1+
Fe'*
Mg' ™ A E 5 AR AR B e B R A AR Y
H+
(o
S0i-
PO
EEFmeH R
x B E A B R A
i, e # br N A
10 5L fR BEE BKE.
EPME HE,
FOE=E T 20N
5, I 0 | R W
16 FpE{ AL |
BN R 80

4 3| f Gladstone,G. P, 1037, Br. J. Exp. Pathol. 183 322, # 3| { Garvie E. L 1957, J. Gen. Microbiol, 48 1 420,

4 2, (Oxygen)

= HE AR o BT R A YRR b 1F SRR ) (aerobes) , AR 26 7E 7 BE L AR o R BE R H LB A B

Sy R B4 ¥ (anaerobes ) , & PR & ¥ ( facultative organisms ) B 6B F) B 0F 0 45 FH = A GE it ¢ 7] F1) B % B

PEH 7 e B X B TR AR A v S WT R . S R A A B R AN B (0 B S AL

Z 5 E kWM B TE FALB e, SR VAR S A PRI A WK R PR PR A . A

B H A R 5 4 F FAAH B R RE P ME AR (0. ) B E A OH st S E (H, 0.0, 110 8
PEER R

0, +e LLLN

3= 8 {2 12 i i
0, +H,0, ———» 0, +0OH-+0H

#B S 4L 5 4L 8 (superoxide dismutase ) 7 3% i & 16 4 -

0Oz

20, +2H" — > H,0,+0,
AL Y A B AT A5 T o S0 AR e S W B A b B TR R M b s A S R . iF
2 OF AR 280 b SO A 9 1 7 A | A S, & BB Y Be it SIk &L

2H,0, — 2H,0+0,

i 480 0 A 0 3l o S A e A E . R 7 R Ll A s S Y i R KA Y s
Ik E W RE R AR . XS RUEY AR AR AR b TN AT Y5 59 F 8 & 4 i £
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AL R = A A A 4 o S
7 [ % B TR L4 T T F 7E T sh B A0 AR A L R — g AR IR B o, dn b B IR R X R P
- LA R ERCEY LR 13,

}!l1-3 —ERFHEMNERSE

FF 14 oy |
= P R B = A 25 T PR A
B (Clostridium) HIFF8 & ( Bacteroides) ML ER B8 B ( Peprococcus) HEHEEHER (Veillonella)
R R (Actinom yces) H ¥r ¥ 18 ( Fusohacterium) B B 3 J ( Peprostre ptococcus)
T FFE | Befidobacterium ) i R B Ruminococcus)

@ B ( Ewbacterium) oL 1 (Vibrio)
FLEF I Lactobacillus) 0 &30 B 1B ( Desulfovibrio)
HMEEFF R I8 ( Propionibacterium)

— 8.4% 8 (Carbon Dioxide)

Vr 24 YR T CO, MEERM. LEBAMRATESA KR CO, WHBRAMEKREE. i
FF (Haemophilus) 22 B FCER T (Neisseria) , 7 8 K8 (Brucella) 755 i #F B (Cam pylobacter) F1 KB 1
LB ERSANEL A SU~10% i CO, AfAE K, Jo A RIS F ¢ AR Kt R g, BfER
KIBF S B CO, K42 TCA {630 1 B B0 T2 BB BR 00 b 1A 84 . 53 9 18 b 52 17 3 B2 o4 R 7R
3 1k B B 0 025 R T P R AR B R R AR LA 8 ), |

#. 5% £ M1 (Extremophiles)

MR SR R(R 1 -4 A FIRAEE(E 1 -5 Mb ik ey BRBHR . BARNHE D4
MR HRRRAED., ANAEERRRRRAE. BAERREIER QLA FEMEYER
P 25 52 [ BE B (acidophilic ) 4 9 1., i 55 — S 0 o W I8 5 76 960k 45 10 T 2k 15 [ 9 §9 (alkaliphilic ) f &
W], KEFESEREDE pH FAR, X8RP R IR TP 480 (neutralophilic) , 4= iF 78 ] U 2F BE
H i) T A 38 A AR R Y BT 2R R R/ S 7 AR e IR B B pH SR T T AB & 1 E W Th BB RO B .

Fl-4 HEEKNEERE F1-5 ESMMEDEK pHRE
ERERE/T : .
o 3 7 et b4 i3 ﬂ_xﬁ__ 5
I I B id 75

& ( Bacteria) 2~5 6.5~7.5 B~11

W% ¥t (Psychrophilic) —5~0  5~15  15~20

Bf OF Bl ( Yeasts) 23 4.5~5.5 T~8
o 8 8 (Mesophilic)  10~20  20~40  40~45 B (Yeasts N
W B (Y ( Thermophilic)  25~45 45~60 =80 1 (Molds) 1~2 4.5 7~8

{2 4 09 Bb 18 R B (Microbial Stress Responses)

% % # 4 W (normalophiles) , BI7E 37 'C,pH 7 1 0. 9 XMW E T 4 K 694E kiR, pH AR Ea 21k
AE . 3 B2 W LS L T E R KR, BT EGE S8 BT Y PR Rk i AR R, AR
M= ) DNA BE Ko FEM Y m g Eaed) . Seist FAEHRRG P ERTA B IH
TS FEAMIET . R0 IFE CRRE 2D BAE W X & 4 698 A CIn 5% 3 B /D P A BB R ML, It
i CE (R 515 5 REUESZ B R M A PR XA S B s ok / BRA R, RA SR R E F
LA i e S Ah F . o 5 RORIS 18 FRREL IR A0 MO A b i L 1R VY R LA ORI R SR e 9 B
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NG (SUMMARY)

& & @ F % & & B & & B = ¥ B8 W

3 R A A S AT B Y R R A R Ay 4 P AR R ORI LU L U W AR B — T E T
B . BIREE R eI AT R, A A HE DL HE S Y % B A0 B A B i X R K1Y (M big picture™)
k. BEREE R R I 2 O B A R F T AR TS B R LR G MR A 4 A0 T AR
)T RAESS., RINMFEX -FTOMPHELTH T 78 A ERFa8E, 74 8 T )5 i
F-.

7 R
FELE B
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KOFHISHRSMI:DNA,
RNA f1ZE B RIS L

F R R LI R i it b TRV EW L R NI EN AN ARZES M A S TH., 245,381
Frf o i B BAE DS AR . FRATE LT R M B D DNA - - HE.HFEERAHIR
B A i 0 A Bl AR O A 2 AR R B — AN ETLIE S BOF U LA H XM E e B
B KEE,

B — W1 3 R BN IO T L AE SRR L R MR A O IR RN S R M Y — B 9 ME AR SR I A K 4y
T EAM 25N A (DNA f#I RNA) VEMTE A AMARISEsE Ry T &R EEKEE
ME iR RMHEMGR. BIOGMAEMENIHEF R TFA LGOS B . ERPIEAFES W, Bk
FEREM S A AES 7 TPk,

el A Bt B & FhEL R 09 A B0 & R AT a8 X4 i 4H 35 A A O S5 M R T DNA & il gy Bsc .
BT DNA Rl 54 6 04 3 R i 3 0]

DNA <™ DNA F% mRNA| —— B E

e o {IRT"{"*} B
rRNA

A7 9% 3 e FR 0 R 1A A 09 AR ot FR Y Rl B e B RRE R AR S L A R A K R
SLUIS A T2 A TRV B T A R RIS () G A0 AR A0 (0, B R AR T 5%
[ Berlyn, 1998 sl #£ I FE R (Y T 51) R A b #Fif) . www. ucalgary. ca/ % 7Ekesander/( Salmonella) ,cgse. bi-
ology. yale. edu/( Escherichia)8f genolist. pasteur. fr/(E. coli ,Mycobacterium ., Bacillus, Helicobacter)

DNA H’] W{STRUCTURE OF DNA)

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

AT TREE—T DNA R A 0 W R M@ iE B MG A LBk — F DNA 4+
B £5 40 DL B s B 4 A I b A A s e SR RE . DNA U b R S % 08 R 1 e i [ g B I e g 1
MR I 10 V68 i C L Vo I ol PR VO W ) i +- 8 S b G L B R AR R — R RO R R R B 5T Rk NI
T — A T O R B A 3B Sk, N 21 Fran . DNA B8 PEREME (LE 2-1 @ FED £
ti DNA 8§ 1 #9007 TS0 5" Fn 3 (A0 BERE RERE OO JT M 4EFF 00 . TR Eikdh , DNA H M 4707 )
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K FHEMEMT -DNARNAFIEARAS A

F I 4 4 L B ALEE DNACAsDNA)Y . 78 dsDNA o, i B 2 % B 45 Al 2 (4 8 4% (polarities) , {118 2—2 fif

T BN R FOEITAY . BEEER L 3B R (3 B e R L SRR R G ). SR

2 AT DNA B ABE 1.

e B o B B
NH, NH, ?
&= N -~ "'\-.NH
Y Oy e A
N7 N N™ % N™ %0
O HO 9 0  HO i Ho 9 0
AV NGB NN = AN
P C P C P C P
| | H | I H | [ H B
O H o H o H 0
51 3
3 T 1
5'—P dR P dR | dR P-3

T

-

3!

A C
——P$ P$ P
5.1
B 21 DNA f 45 7 AR 45 i A0 HT B 14 3% 48 0 75 097 S 45 0 oD 3 R 4

MRERANAZ. EANENERRRELEPNER T,

VR W T A Ol 70 2 - 1T 5 g o R L 22 (6] G S R B B X, |

7 PR P R A kRt p T e SO L L
B EHEA). b T AR AR JE BRI AR R AR DNA S PPN
BEELE M L HF ELBEE DNA 2 50 AR 40 701 55 2 60 R 17 T 52 B0 R[4 1) 7% P P
A AEKIFRORSE T DNA % BL—FEUE 0% (B 2D 7746, B4 S A
Yootz (Bl BE B R 3. A AL A FIENERES MY 34A. FFLLEA \7\{35555{:—.\4
S A7 4 T 5 9 T ELHE S L A 23 R P P

1 —5E T DNA AT LR R A R (A-DNA) (BB 11 4 A EEEEG—T\-
e T 10 A BR 6 X IF EL R M A A2 19044 690 . 5% 45 | Z - DNA T A
TR FRE, S A 12 MK, K DNA 7k p P
O T AT A RP RIS . A TR e (o b B R (] 40 h T T Ak B R 3 A ) TLP‘T% |
16 45 7 6 36 £ 52 4 06 58 SRR I 3 00 25 5% T BB 2 DNA 470 spo, 0 1 O OF Lon

i

HAErFE O EET L E ML TR E Y EATRAK EAS RS EK
LR R LA FER A R A %

it S RS AT — R M e T2 ] (dG—dO)Y [ H I B 5 Z-DNA BB L. 78S, 4
FFIXA Z-DNA R TG EH YA R E N E R RE R T EZ R (AC-dO)SHDE H B-DNA #)
4. ZHFEMNTUNZ-DNAWEWTFAERREXARESI, R D Wells B HFE B9 EUES 1
Z-DNA Hg o] UFERHNTFEE., B LR AG-dOE T BN BHE F AR 24P dm
DNA FFH BT, {5 A Z - DNA FFPI G, %5 5 v e 40 00 W e (0 72 5 7 (9 20l F B, B 243 5
Z-DNAXRF A TN E Z-DNA fii @b & B, R T Z2-DNA (A CIES T KB H B EHE 9
b4 18 kb DNA {4 —Bf Z- DNA F B,

FEFFE IR b WEE DNA ) 558 [ BEAT fiE -2 P\ XUERLE A5 Rl I 86 A i o @4 0 10 I 4 il B 12 2%, 2 o
T 3K AT fE ] fof 30 7 2 A7 (A o A R B3k, 9 L s b A8 2 B2 2 T a8 i . 10 el R E O R U 3 o A9 AT I B

E 2-2 Wi DNA 47 7 B9k 1% .



20 l Bk 4y 18

Al BB DNA Kl 5 5% s T b7 1 .

DNA 454 % (e 955 & 60 DNA FF3 B — 360 A B0 A 95 n]
B Al S AT RS A DNA DURRE R A Y s & (R B M _fe
BE A . B S & YR R AT REBL R A B R . 55— AR50 HE I A
HAE R8RS R T dsDNA K3 5 /0 38 P £ 15 B9 2 B (groups)
CBEl 2—3) . T i g W 0 M 2 0 A i ) 0 v 3 B A L 3R P 5 5 ok AT A
R T 254 F 0 SRR g 1y DNA DCI, 58 R 208 28 H i fE bl
BEE ) DNA KB DNA 458 ST A JLRM S R IE A B T 55 7 PEBY DNA
RS & X B TESR 5 REfidie.

21 /) %9 $2 # (Bacterial Nucleoids)

TETEAM P DNA R & LRG0 5. A DNA K4
B — P B DNA 98 2% 28 8 (1 /R (2 BB /D& (nucleosome) 25 #4 (L3
7TED), fEiX BB, B DNA S EBR AN, 58 B B S 0 B
PRI 8 R ER e 12 2 A

[F#EY DNAMBEEARATEE TR HREEHEA. LUFAH T
16, B R A P 78 A 4 0 (A0 200 T 4 3 o] Fp P E A GE W3 A HR L. KA 1Y
SRR 1.5 mm(4. 210 Y @) AT EUE R BRI DNA & S48 T 5
3% ~ 4%, B MM DNA KZ9H 12X10 " ~ 15X 107" g, X #E,EH
AR ARG R R A DNA Y M T 4X
10 % mb) b, 6138 @ FEHE 2 10 mg/ml. SR . DNA £ 40 4k PR &1l 75 48 Ma b
BB A9 DB A e B A GA %) 15 ~ 30 mg/ml, 75T B 6 Y &5 98 02 4t
(AR — A TR /A" X — i R 4E DNA 0 FROBRiE. ME
g (o fRE -~ 364 O A BROIR M BUEE DNA 4 F, B 7E 40 B b 2 PR R R i
B 0 B — A TR LS # . M ER dsDNA 58 5 B 59§l 4 il i 5% a] 16 it
BEHE (P 240, Mdt DNA ® 7 %8 GV h T92 58 M8 52 4 1 H1 il DN A B #
o, CHY A7 TSR 5E J5 ) 4t DNA) 42 4 DNA 4r F 5] A — & ALK f7 (7]
FHRURE ) flL iR AR S &) A T I BRIX RO ) DNA XUBRBEH B S HI M. mo s e DAL 4,
P2 TF DNA KT B 7088 88 . 1 47 45 0 JE R TF 48 888 i .

8 HRALZ 68 O L7 8 g

SR e #hi R

L LBERE ——

B 2-4 G530k DNA G FHEBEESEN & FRe 78 REHES MRS
AR T 0 FHEEE.

#1 71 7 #9% (Topoisomerases). bR HIEE I AT LIBCAE B4R DNA 2 TSR b S RIM— KB/ (£ 2- 1),
Hiib e R s 1 BAN [ B EMT 5 LT DNA KSR EFREMG S . | B 20

S AP | ARICINE, coli (19 TopA)HT [ BRI E. coli [ Toplll)., [ A RIFEETE —%& DNA
HE LI -— 0000 OF SRt st V) 13K B 5 — A5 1 B RUAY B o] LI dsDNA rhig— B e — BEEE . B S 7t
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K4 FHA ST . DNA RNAMEBESBENEMN

Ve 3 P R ERGE 5 — B IV AR A e ] e E B A TR MR R A DNA BRI . 3 7 R TR R A 9 54
Bt i 5 T B0 T B AR R SR R B PR R (I 2-5).

LA B - 1B #
£
¢-~¥'

E9-5 [EEINEHEBRAEE, [ LRI E coli TopA)ERMALE 2 — £ 7 H 8 ik DNA st
IAFIIBHE —ZEaE—"T DNASFH—FHEREA TR 7T, AR RAEEL
CEAFERFIES—E L RBEERE., TopA HEHAE (domain) I & M NTHF B
DNA, I TEHET SR I HVEATHSE ME FMIETSEASHEIREIEAN
ggpmsy WP _EgEHUNF,EAESISEME I NMVEFESHESSEC NS, &
HMERE, EMBEIMNEENREESE HFEEDNA FHRERE#E, BIBEANBEC AR T
. [BAE .M TopE thijf B S DNA, BRI EFTC SN DNAI RERESE SHE R,
MERIFFHREERTHEE AT 2NAY0 ,DNA R 2o hiEme,

F 2-1 DNA I REH

- 5 ) T, B O A itk — ) B gl Al FE 7 HE Tt BEaAdE
T IEHIsEREavH Al () i 88 iE ok DNA ATP

E. coli b= E | _ - ] =
(topAcomega JEE1) A (=) i 2 G
(g TRE NP g A S ? (— ). () & B 75
HIlEE DNA WBEM (Topll Il (—1 b B it
E. coli $h¥b 749 I I B (=) & R #

W WA T R b R il (—1.(+) & B B

I M4 4h S H S | R ID ST AR R . B W BB S HA st DNA 7ol AU hE. 1l B4 b5
HIRG . I DNA [l JERE (GyrA F0 GyrB 8 5 #8611 M R IV (ParC E) , IR A B R AV 6L
Tt b R, sC e RS VR AL 2 -6 s X R R R A TEBERE CERE A B W
BT dsDNA P FETH 401, WA . DNA Mgk faEtt K EUFEEd Top I # Topll #
FPE UL R ot AR ARE L 10T DNA [ HERS 5] A ISR EE . LLJG R B e ok ol 80 e b B I B R ) DNA
SR ) R 3 T 1
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2-6 DNAGKEER#EDS. (o) ASRAMBACESS T (b) AHEMNEEESF. Mc)E(hH R
KRBT EF ONATR (C) T H2F ONA(N TR G BBENSE TS B, (C) HKIE DNA 7 T8
—hNEEBUNEREGERT)., SOEESSHDNABLFHEIEN. JEDONARHEMS A TR EZHR
M SRR S, 1-3MN3I-SERSAESREARNARTATEEM L, M DNAR 6 IS —1 BT
BAMEEE, (d) EHEEYE DNAR I UHITHAFFHE . (o) DNA(6 LI ) RZ VI A MENR B IS
S BHEHABTESM, (f) EEMAAFERERONAMIM, f+T3IF7 2 (@) DNA ZL7EE AL
AFEKE, (gFh)DNA MNEIHEE “ o ME, DEITHF, BRDNAMEEFHF XM, (5B Wang
et al ,in Alberts ,Mechanistic studies of DNA replication and genetic recombination, 1980)

FUU 1 4 4 o F0 5 H B 5 49 B B ( Nucleoid domains and Nucleoid-Associated Proteins ). R C 42, 4
HZEREEREW, BEESWEASABEHLZEEAKFE. — T 1 pm 894 8260075 98 — 1~ <
1500 pmBy 3 (o fk, 1 iR REEME DNA 2 g5 mipH Ik KR R s, Lk b M@ adsq 30~200 4
178 B8 E 09 55 (loops) BL&4 #0 1k (domains) (B 2-7), B — P EWEMAR ML Wb, Kl A &
DNA H5HiZ BAS S A FE(WATA“REP JL4F") . 251 DNA B 7E & 17159 K 35 5= 5k 3 vl LA
MREAREFEERDT | pm, EUEWE - D ., XSEREEBEREWY BRI T gk,
TE—AFrp A PR Y 1) K T BIUE Y # 5t T AS  HE HE A e R EE

— dsDN A

mRMNA

o R

s RNAPol. Top 1.
HU

E2-7 ABaEiznRANSEERANET, HEREFEEERNEE
EERN—T R,
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MR T TR o 4 S i D b 2t 4R 2B 1S A 2B 1A B TR R S /R (compactosome ) B (3R 2-2).
TATER R R R RS DNA GG MER . AXBITHUER SRE L., eil1SHELE
WpE A A L, rTH TSI E R RS SR LW B /MEMIERNR . SR, 7E E. coli P REAFLE
BoMiGs AT i, o B E A R R AR LU R NMES ., R EMEHEAR.HULEEHAS
DNA () EREES i 2 FEAEEFMEFATMLIJFEZS X sdR, TESUBERGHHEEED
51414 T DNA Y.

F2-2 XBHENEAERAR

2 Fr C| A N (7 LR ARl Ih ik
HulhupA) Hu{q)’iHI,P""] 9000 FE T2 BY 288 B /AR i 1y 25
ChupB) Hut @[ HLP ] g 000 MF LYY EE H2B
CBG 7y Bl S i R
H - NSCHT  Ans) 15000 764 9 fE Bk B 0Y R Y 5
LB ER
SipA 15 000 H—NS 344

SIS RENENA -HU. H-NS, Fis #1 RNA B4, 570 3F Sl 1 i 5 ka1 g
H-NS, i S 9c G B 4% DNA, 4548 T — DNA 2+ FHAR A AP H-NS ZBES e &m
B8 DNA, 845 &% 17 (tethering points) 8 §8 R /& DNA [6] jEBF (IR A& E &Y b IB ) , th o
R HU, SEZ4SYE/MEHER . EEAYE DNA — H 4k TidBRE 5 # IR BeO T Bk
008 A SR T T AR TR BR A ER A A b g, S ] 4 4 0 {1 188 00 A A ) K A o/ R 0/ A B ) B R B
P S e (004 55 40 Al R Y &2 0 X, BT S T R TR ) B R e f Bl (LB F T E §D .

HEEAPHEANS R B DNA fIR A, 78 KB FE i S Hag s 58 3 1 1 0 3¢
R, WAEKBIFR T RAGLEAEHE A P DNA G fr #00 h H e 72 e f Mg®' 3k
52 WL .

DNA HEEER: T BRI B A K S ey 4 RLARIE R VF 2 HAF KT R DNA
(1 17, g 8 o B R T AR Ak . A AL 3 el L e O R T A [ 5 p Bl et R SR B K - iR FE R B k. A Pl
A X T GE A HE AE X BT B A8 6 BT, IR I T s e pH B RCE . S5 AR B R B A R LE Ok H Rk R
IR 5y — s R R Rk MR E MY FXF M amMAE TR, AXREEMNEEREDRZES B
PN FERTESS 7 EZ b .

REP /.4 (REP Elements)

{6 )RR A Wy RE TR 4R A8 — 1~ BE 76 28 4004 b B2 4 H A9 1 9 e 1% (sequence element) « 34~ I 91 70 4 B
B Ay HE A A JE [ A1 [B] S 1) (repetitive extragenic palindrome, REP) & # # [l % 8 i7 | palindromic unit
(P FH . EfR— 8 38 A~k 240 ay =1 Bl X IF 5. BT i — 1 £ 3R 45 #) (stem-loop structure), {3
F R 9 i b B TLAR R T 00T b R IR SR S AR M R 0. B R R AR |-
BERY S -3'T¥F) S FHEEM 5" 3 IF PR — B A, 25 U BE N B AL A 5 Ah B ) ifi T A & 92 45 B9 Chairpin
structure) . KEFHF @R F K REP [FH 5" ACAT) TGCC(TG)GATGCG(GA)CG(CT)NNNN (AG)
CGITOCTTATCAC GGCCTACIAGX) . Hoeft, N {8 26 37 AT LA 5 4T i B 5 L 45 52 o9 6 1 4 B 2 4T 1A
PR — . H NNNN KT 46 80385 5y 0 R 35 BE 22 1) A 5¢ 4 Y [ 307 91 X, 3 4 25 06 e 6k
AR AL CLR QIR 40 . REP A {3 F A 8] ) JF 37 JF o] HF 26 [ - 3 90 00 B9 A 5] 3 B] 22 [a) o HF 76 # o
L AR M. /84 REP # N &84T T 500~ 1000 2 BHEMLSEM TEMBERZ I, EsraFse 8.
REP.DNA % 8 1 DNA ol 58 #¥ 2 (8] 77 7 & — ¥E 89 4 L 4E A AT 3 REP 5% REP & 4 14 (8 7%
BIMEs, bacterial-interspersed mosaic elements) PEHIRZ 58 0 8 29—~ 804 . #R W0, 33 8 o0 {4 A% 84 =2 1h
fie i) A~ HH i .
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DNA £ %/ (DNA REPLICATION)

llllllllllllllllllll s @ ® @2 & ¥ & &

DNA F 42 2 Ffo F 42 F 69 (DNA Replication is Bidirectional and Semiconservative)

Xf i A B AR e L TS A BS P AE ER B T DNA B & B B0 = fi) DNA. DNA &l kL 8 L
#HiT. F 4 DNA 4 F8RMU - FE8HE 4 7A®
dsDNA 4+F, & 2 -8 . 7€ DNA & #58 —
i, B AREEERG B W . £ X — B R A5 R A AT T i Y T
1~ DNA 4 TR H —RESEMN —REFEHE. B LD i
TRERE AR SRR . S A B Q ?\]
A BA 40 P B 0 A 7E B ) 4t R b B R AR IR T4 T -
SR I S A IS R ORI 300 22 R) 19 B A R LA A
oy S A R A e 5T B S T FOLR Y B £ UK B
(R R R R s

DNA B-& B L1 56 77 76 09 DNA Ry 85 4 4 44 15 5
BERMEBMAAFRES. KRR SH LA DNA B4
B :Pol [ (polA),Pol T (dinA) ., Pol [l (dnaE) . Pol
IV (dinB) fl Pol V (umuDC), fEX—Yeh®A1HEE T l T T L T l
Pol | #1Pol [l . FrAAY DNA B-SEFE R LIS =3
Jrm & B DNA,JH W24 3 R RS P LK 2-9,
2-100, Pol I —-THEENHE T MEKRTAA m2-8 DNAMLRBES ., T24% REHE. 6

BB A BAH TR (“proofreading™) 1 A DNAEEH - &FEM— & BSEEMT,
35 SRR EE IS I RO R 5 3 AN B R AR R NEAE_REFE, ASHNSWEFEMN
fE. Pol Il #0 Pol [ 4L HA 3"-=5"4h ] 4% Bk Al 15 14 . DNA 4+ F
DNA ¥ 8tk T
4R 5| 1 Wi EiE: B 5| 4
-0 PO,
I
“0O—P—0
zsac—é
P
:::A—é
P
EEC—\-—\'
P-..
;EG—\—\
OH
3'0H
S
_ N A \ A YOH A M seE| 3R
U—ﬁ—ﬂ ‘D—ﬁ'—'ﬂ 0O—P—0
O 0 —(IZI,
5PO, 5'PO, 5'PO,

E2-9 DNARESMESA ONASETNERHEE, DNASHTE - DNA#H ., — 1 3 B2 wEma i
RNA S|4 Mg , I DNA BAR4 Y DNA S 858 58 3 FmitiT,
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DNA B 485 vl — % /K 471& 25 4£ (DNA Polymerase Functions as a Dimer)

DNA B4 L5 3" FE 4l DNA B33 & T —4 28 A8, 27088 8 7 46 55 R 52 4 =)
Bk Sk fo 4 AR R B O 1D B AR — SR EE A A I 5T 3]
R, 5 — R SR PRERE T 5 =3 EW,
Mifd 3’ =5 FmEfM. DNA Bomll EE AR
DNA &1, & a7 LR 08 41w R a3 BLOR+y 5' 3"/
JE B A EER L R R EENN.
HARASMeEMESHh o EAEE -EE2-10),
SRR R s 3 A N e, T —
A~ B A EEN R L 1000~2 000 %85 ER 89/ B B (R I8 A
B R gk A nl 55— B EE. PRI s 9 AR R A6 6 4 391
A G 4# (leading strand) 15 B 4% (lagging strand) .
Pl 2-10 @B 7 DNA &2 ] 52 sl i . f5 Bl o 1 1
ARG - RAM. FAMI _REEEEH X
BY B Bh 78 [F — O 15 W 25 87 1 DNA &8, i3 Br - 2
WHRER AR M. AT EAS MK DNA
T 1 A0 RO T B RE A RN Y

BT DNA BABETEX RNA 596 A AR 15 36E M 2-10 #4948 DNA S5 a8 5 T,
B4 A 0« R U 7E 5 RS 5 B 0 ) U B - R R R
F51 i RABIDNA 5] Z#M (DNA primase) |. TEXBHFFE XS] Z8HRE dnaGC BREM=Y ., X#
A 1bp) RNA 5478 DNA B4 2, It B 5 =3 Sh U B ERBE 75 YE M RNA B8 H(—#h kiR 51
DNA #l RNA 25K/ RNA FER RO MER. RIS H DNA B 668 [ e EH S —/E MR DNA,
TEBEAE S E AR A Sk B 1 & S i DNA B4R (DNA ligase) & . nE 2-11 AR,

i i i j
THHNIN

i i i i
DMEDE“HHEQ

O-p-4)
N
o
U B e A T
+ B
P 2-11 DNAEEBEZEETE DNAS T OMETH I BRF 5 65
B R EEF A
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DNA & %) 4948 £ (Model of DNA Replication)

S U 05 1 (4 639 221 bp) & B0 A &L 1 800~ 1000 /4% AR L o B R 4 ABUT A9 T AL SACRE A
10 . PR IF B R e R 2 S 0 BE RSP LU 2 e L v X R B R T M T A
i fn DNA SR HE B 420 1 m, 08§ LU L 600 km/h(375 mph) 3 B 8 3, JF B & HIHL AN 0 — 3
fEf, B—-aEZEILGRE A &) BE 170~400 km(106~250 3 H) A & H B — ik,

o HEEVEHRE T EYLSEARS SRR (R 2-3) . B 2-10 R DNA B L
Hist, DNA Bk L EFAEABAERMN. 5| KB (DnaG)RET MR MS 5EHORE
AR TES | 6 A A DNA 4 F. FIS BRI S & 17 AU

£2-3 S5DNAENMNERSESR

H i1 2 E5] i B M AF 4y 7R bp 1y fiE
oriC 83.5 245 5 o R AT
Protein | (X dnaT 99 19000 i 5| %
Protein n(Z) pril3 85 11300 g &
Protein n' (YY) prid &89 81500 gl & (ffe# DNA ATPase)
Protein n’ pric 10 20 200 i 5l A&
DnaA dna A 83. 6 52 300 FbE A onCL 3 Dnab
DnaB dnaB3 91.9 52200 o BE (S A LS| A
g DNA ) rNTPase
DnaC dnal 99. 1 27 800 DnaB f%) 4 # 5 # 8 1
Pollll (a) dnaFE 4.4 129 700 DNA % 4 B 4 5 , 5 {6
2| % dnaG 69. 2 65400 gl % RNA 5] 8y &, R 48 F btk
¥ e WA dnaX 10. 6 47 500 B,y W — 4
71000 AR Pol T Bk
BCEFD dnaN 82.5 40400 B e Ht . & AT
MR ssh 92. 1 19 000 eSS EA
fife B8 B rep 85 76 800 BE 43 97 3 My €0 1 B BT 6 7
SCEF Y holA 14. 4 38 500 v 8GR oy AR
&' holB 24.9 36 700 yEAER -G, RHERR
& holD 99. 3 15 000 y H ARy AR
¥ holC 99. 6 16 500 y EAE A, e HE e A
] holE 41. 5 B 700 BomN — %k
e F WL{iE dnaQCmut D) 5.1 27 000 i iF .3 %) 5 Ah 1) ¥ A Al
DNA B8 | polA 87.2 103 000 bk T
i 3 A ligA 54. 5 73400 B AR R Y O
DNA (7] HE §§ gyrAlnalA) 50, 3 97 000 i 8 5E (supertwisting)
(o~ TEAAED
DNA [ fiE 3 gyrB 83.5 89 800 T R
(3= IF A
DNA B4R polB 1.4 120 000 &5
RMNA B Ol rpoB 80 150 000 i s
A— i RfL

I. #5314 (5] & &, primosome). B |l 7695 — 20 o0 DNA WUEEREIF , LI HAEL DNA B S0 &
G, X BT E DnaB /S B IER Chelicase) . —-~ DnaC A B3 4 4 T (loading factor) 3115
JEde 4l DnaB /N BB E HI A SRS ZHEM non' 0" 084 LA E B IER 4. Dnali
ANEATGE DNA 69— S8 IR A% 7 ATP /K8 T F B GE& . 88 0T DNA s#iEl— 12/ L. —H



£2E B o7
AN FRERSNI DNARNARESEHASA

2| & EEFH DNA BAE S B4, th T Dnal #27 8R 3 4 MA o0 2 B BT EM.DNA 6958 & #
BLES 10 {55, MRRERGAE G RESE 1L 5 —3 77 ik A I (5 )5 HEEE DNA () 2E i 5 @) A B . B 0 1 Al
AR LT T S AR R EE DNA 85578 D) LI LB #EEr DNA B, 3017 ssDNA %=
- K T G I T

2. #84 (Unwinding). #2459 3076 8 &1 BT 4 XUEE DNA 5| AIESSEE. F 4 2 09 8 98 e 2wl
1B 4 LA El. DNA [B]5EEG(gyrase) i 51 A i 18 5E T H Bk 26 T e .

3. 3| % (Priming). DnaB & EIBR{E DNA ## iE5h , ¥ 6 6 58 58 DNA JE L& Je &5 1 1E N 51 K B8 (dnaG
B YD MES RS2 10 MMM RNA S8 ATP iR . X4 RNASIMETE/,H
d A% RNA B4H . 8A DNA RS EH M DNAGBI R A& RMEA N 1 3 BEI AR .
DnaG f#iXf RNA B4R (3] 587 %5 DnaB it e 8 AR B/ A 8080 . AR DnaB 1 Pol [l &,
DnaG E A B A E SR BEEA S FEEEH L P8, BRI AHENFRPHT.

4. p- St 3E# (p-clamp loading). - EJER RNA 5|4, DNA R 488 [ A5 -5 21514 6 3 B B A b
HIT &M DNA, B X AE T HBR T M8, E Pol I ERM(CRAHIFERDEEZ
Wi (e 5 WA aEE DNA FRis4 T —4 p-JedtEH . XM E R RIA R, ERGH
DNACE 2-10), §&e 4t 5 FERE(y.08 y) FRE L HY ¥ B &R S 8 32 8 5 F (y-complex clamp loader)
WAREDNA L. ME g M5« WHRA (BSOS 4, R — 1" 13 8 (sliding clamp)”, 721
DNA B4R R BT A RS B% . X T DNA & A GRRER UL, £ DNA R4 5 & T8
W2 AT TR A A BB H) . FETT B8 (leading strand) b DNA & il — AR IE 22 B9 (LA R ZH A
DNA #if5 Fa B i— g f. &5 (lagging strand) & DNA B ¥ &AL 1000 bp B35 A B8
TEEMNAAE R ME RN XS R e TR E SR E R VLSRN — Mo A A T2 e,

5. J5 P $%5 9 52 B (Completion of lagging strand). 7E/G st L& M~ BIFG¥H —H#tfT F &, HE
DNA ¥4 5 %l & M0 — 4 KA H B 60 RNA 34080 5' K w8 R k. BB E M DNA L%
ok,

6. £iE (Proofreading). [HAH 2 DNA & il A 8 o B Qnfe] G2 08 S0 A9, X w5 | i — A4~ (] B, 3 b A8 5
PEREFGEN. DNARAMAEH SR LS AN Y EE AR BCHE . 2R, & 7 6§83 Xy
AT T B DNA BAE MY 3 =5 /M B M E S R k. DNA BSE A TR ENGEN
AR DnaQ. %W HLAr R S BHE T, VIBRSIRMBEIE A Emme L. ol &, A X 848
IEEY kg it 58 3 506 Bk 4 B 2 dn fo] b BE RS IR A

7. 5|45 %5 (Replacing the primer). — H R S8 [l EH DNA B ajff7E A RNA S B (FE)E
B EE I ) S B L 44 RNA R H e DNA, RNA 8 H 042 RNA 5|4,k DNA B48 1 FIH
RS 3 BABIEMES M DNA LB BRA RNA,

8. JEREsE b % $5 5k O 492 & (Reparing single-strand nicks on the lagging strand) , *§ DNA R &8 |

EMSE MG .75 DNA B4 | SN ERE—T# 8 3" -0H KiGFMH A DNA F B8y 5 8% 8 & 5
ZEAFTE -8R _RRE A ) O DNA BN LA NAD hEEg HHAX 811 (& 2-11),
NEGS T EH#E (Train Versus Factory Model of Replication). ¥ DNA EH O # B FRES., £
P, DNA BSMHTE DNA B LN AK FESEM LT, E8 A4 . DNA B
A Rk RN —~T 7 ) ifn DNA 4 A Hrb . SORF T 8 20 89 1F 48 2 78 27 £ 1 155 40 i o IR
22 51| g 7 e bR B9 DNA B S8, B0 TSR 6 8 E a0 T 40 M b &, mi A & AL b5 A T 81
7M.

DNA 3 4 #9542 45 (Initiation of DNA Replication)

SR B M 0 4R B & N — 1 T SE B I A CoriO) R P 8 BEAT . oriC 3 T hR HE 0 B 7 o8 7€ 81 E i 1
83.7 min Ab (| 2—12) ., KT HEEFARHSE S EH AT E 40 min, 2870 KB AT 5 LT a] 52 2] 20 min,



28 I WA ESY

TR Y — RSN KBF R ERES - RN AR ERRW RAER RNE
S SRR, — B LS R L A L B e B 3 0 A R 5 L O 4 T R B S A

E2-12 ABAEMAMSESANSHEE, € colil KI2FRRER HFl4riErb
thr f SHEMI T, MW E coli K12 e E R, B TREBARNE
WE2 TS 4ER E o coli K2 BEEEHHE45 0,

et A K K PP b & A B0 S R B IR S, BT 4 ) A 7 A ] M b (D et R b B 0T
HE— SRR h U8 3 — Y. 407 5 0 BB B R P T IR O R R R, X
P 42 o) B e T o RS B DR A Cord O 60 F K 1 4T B 28 AR 4 45 4K &1 38 83. 68 min(3 881. 8 kb) &b i) — B
245 bp@FH) (] 2-12 F1E 2-13) , b & A JLA 13 bp B & A+ T 89550, B 78 8 I B 25 5 43 HF WEE
(P EH AFT DNA WG EREERE P THFES GHCH DNA WEMT E e . NN A/T
AR M. G/CAT R =T EEME). REKE A T — o] Ed RNA BS8E G
(5 LA R P RNA MG HLT) o MK BB 85 (B moiC) s 58 A 1Y T 76 35 B0 06 & 4 PR ot LEE 0 73 9T .

DNA & a2 b 5] 40 i i B S 40 e v B2 86 05 SR B {E AH 26, 23k B — 5 e e B 0 IR A 8l
GERR A KRN B0 AT M CRE D R DAL s ) B bR A R A R O R B T R R ) B (O
BRI A AL B RS RN AR A Y. R R AT T
1963 4748 ) #) & Hl 5T (replicon ) 27 43 , 204 B0 IA O B il 2 i J2 <% 17 4 ) fn (i) o 43 3 v o T B 4 ol 0T
WhEEHRASHREMNEEES. S AR, LN CHuE R EMmn., EROERME 2-13
fif7m . SFECHELGA IERE Y EAE DnaA,20 4~ DnaA 4y 700505 8 #l 5 S b 8R4 DnaA box B89 5 4~
9 bp WWEEFIISG S . DnaA MESSHIR 13—mers B & AT X8, A A F DnaB #% iE 88 (helicase)
IR, DnaA BERM K EEREE W b RFMERSE,BE DnaA 19iF ¢k & H 5 5 G % 8
(accessibility )88 A A 0T (LR,
BE 1F o ik B30 68 (K B A2 45 2 &) (Preventing Premature Reinitiation ). % ) # 05 (9 78 5 2 11 FR SeqA,
Tl AR FT A Y R S SRR U S RSN IR . fEE WIIT RS SeqA MM SR AE A A
ity 490 i 2 R &G Creinitiation) . YA AR G AR E B GATC F4) |- 88 W R4k 5, X Fd a2 00 o0 {2
R, KIHEMREAE S EIFE GATC B ¥ 5 (palindromic sequences) , X F ¥ 1) /2 7 S0 IR A P AL
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b8 (Dam methylase) fE A7 &5 . Dam R AEEE GATC IFFIh A Lin b —4-HE, % 3 &
Bt i AE. Am.NIERROEe R BER, RS EA CGAYTC Fa. B e ek
A HP B Dam PR, 5R 2. HEH M DNA B2 B I . SeqA HH A2
AL DNASEM AR, T oriCEKEE 11 XA GATC J74], [F I 7E 55 # 5 8 )5 SeqA EH
5 5 A A G e B E AY FC  BRE R e  LABH IE T 2 1) DnaA 5 HENS, A FEYEES, R
W Ia oriC 1 W B b 3R £9 13 min,

(+)

Duaa _
1 3—mers l_l 1_ ‘[ —* - Ifljn&-'"n—r"fl_}"
1 | 2 F )
LMR RI M R2R3IR4 \ | O

DnaC DnaB

#2-13 DNABHIMER, KERATEHRSHNEH, LM RASIRTA. FHEMS 13-mers( &5 AT
B ;R -4 25 9-mer DnaA boxes, DnoaA H 954 DnoA boxes TEEEF. TFEEES HU
IHF 3 81 , DnoA 2 & % B 25— 1 7 082 & 4, DnaC 46 5 DNaB it A i 5 4 4k , 3 76 s — - o
i dife DNOBIMRE A AN TE K ARESHE X A DNA BB S RE S B M EHY
i,

P SR G RS G 2R N A B Seq A R BT S0 4 BRORC AP BEL 1k . I H AL A2 DinaA B F13F Pk BE A ) R R
B . DnaA 0 LAE ATP ff ADP 854 (HRf ATP R EAFMMN. M8 HIHLER 1A 4 i DNA i,
DNA B8 8 g AL DnaA—ATP #) ATP /K%, 4 B AETE M TE 2 DnaA -~ ADP & 4k, X B
UL T EFGR AR A A REYE . RS MY INEE M T DnaA BEA FIE oriC 19— A2 A 45 4 5 5 0 i 1
Ctitration) AL G AR A datA. — BRBEE datA BB IS DnaA 40 7454 3ol o BE (s T
W5 & DnaA EIBIHEE . WY dat WA E L] GATC FFHl,SeqA BEEAAES 2454 . M8 F dat 3
DnaA 5ZEGREITHA . MR dna A R FHEH GATC i &, EfERHE S L P, 4582
SeqA HiZ R #) F X456 I E 0B dnaA G5 3 T HE— RS 70 5 DnaA Aok .

R G HAIELS (Initiation Hyperstructure). A2 JEAF AR ES| R EHIE G R? 458 B E 2489, B
IR BN PE DnaA & (DnaA — ATP) K 89 75 #0718 6948 DnaA 42 b5 (09 8 4% 45 #3 (initiation hy-
perstructure) £ 40 UM | AY3ERC. FE8M A KM rp . — H R HIE L. p- i BEHH A E KWL ST
DnaA 189 ATP.Dna—ATP W, £6 4 K40 84, 5 1 76 165 BR Y & 4 %0 E #2660 dnaA At
IS5 UL RS I B S B R Y Dna A FUES i PR DnaA —ATPE M W #0925, DnaA ey T
JB 1o T A2 T 0 P 99 R 0 A e £ B B AN B AR A AR 7. A5 s s R o B I A0 AH L 4F D R
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i% DnaA FFhE . SR .{0E DnaA M8G5, R B LAS|&E DNA & B LS.

W i A i 5 DNA—454 | 1 FR IHF (integration host factor, WL 6 T AY“A BETER ") &5 5 B I A

A X, 3551 DNA 25, i THF 5 #3X # 25 f ff DnaA box R1 IEHF3HEAL T oriC .0 38 53 Y
B0y DnaA 45500 5 X AR F L4 DnaA BAGSMEEGRE K. 2/ 4a®E THF 455 15
(6] B A ik A iE#E .
BRI B9 E % (Replication Hyperstructure ). £ & EHCH T DnaA FHHET T SeqA A E LMY E
A I BN R 6. A SeqA IS 445 H) AT BE 2 [A] BF G AR E B H UL DNA B S Ll R
1B i A 26 DNA B (A — Se B, 30D 8 S 4d o) 8B X & o R A0 e e 0 e B AT B . SegA Al
il il st~ pY R E T B b GRS T2 B A0 B0 58 U AT % . B BT, B AL T
AR b B E R FARE R S E Al PR . SR, SeqA | AL RERE 2 0F — P i B, X Z R
EER 4 F SeqA 28 5 DNA 48 . R ] 7 & i 2 5 B2 40 M b i A TERE . BRI S I
2 R A 2, A AT T, AL S A T AR AR R CILYDNA E i fy e E s A s R .

T 3 T R b R S R R A P
O DnaA — ATP 72K 5 S8 45 40 Mt
IHF 5 oriC %56 i DNA &4 5l
DnaA—ATP 45 9—mer 9 DnaA box &,

5 B F M moiC 2 B 69 % 5 76 13 —mer X TE BT AR IE 2 S

5 DnaB 8 HERG (helicase) #l DnaC 24 E 1 TE i Fi 9| %4k ;

ATP A §8 i DnaC;

i BERE(E DNA 5% 7 DnaG 9| & B A JF & M RNA 54

DNA B4R E W DNA 205 880 W 34k, p =8 E 1 K8 DnaA—- ATP;
. it SeqA B AR T AR A IR A RO T B

10, 4 It g3 % o] P AR 5

1. %l 5 DA SeqA 5 9% 45 4 oh 4 B8 4 e JF B 34k

12. W4 DnaA—ATP AP0,

oca-.:mm:-wt\;r

o

DNA Z ##) e b fo e & K89 5 B (Termination of DNA Replication and Chromosome Partitioning)

— B i, 52 AT 200 S 30~ 35 min Z M E IS erAB.O) N — R EH KA TE
40 min, A PR AEA BRCHEIAY cer L A RIS E il L2, T, 2 1F F (erA . D E 7E 28 min
Ak ) £ A B 1] SR NI F R Sl B B2 S0 A2 gk DXOs L {H BE GE 0 ik B R B 00 B ) 0 5E G 4 g 1K
T, & \kF (ter F B .C i T 35 min £b) £ 57 B9 [ S Ao VF 230 0 1 42 1) S0 A2 4% 1k X 3 177 BEL 11 T it %1
it S A i D 2120, 55—~ X280k 03 Y B (5 46 50 22 1k #) A 49 /& (terminus utilization substance,
Tus), Tus A T HRGEGHEED ter i £ MG Tus-DNA & SEKGEHE N R B HEM " (contrahe-
licase) fla 7 UL & X F & DnaB SHERG IS ME. T DnaB A% 5E 55 3K 3h &2 0 L 098 2, A7 1L, 30 T f
fié 5 S 23 BRL Ak B Ui gt — b RS Bl .

Bl bR M RAESEN -8 - B LK (concatemer) , 3% 2 H K 24 F— 4 4k
AUGESRAE DNA BRI il T 30 Fh 25 00 20 SUACYE BT 25 Al A0 . 330 26 7R 48 35 69 40 7 76 20 B 4 B9 B 00 450 3 o &
AT (W 2-140) . ERBHE P, FIBEBE

AL 3 PE ) FZR B XerC F1 XerD, th M 25 5 TE B gir o _XerC XerD
ik 33 bp B dif £ 2 1. %0 AU T B R /\F“K
XerC ¥ 430 B dif 35 6 P 4 B 22 [6] B0 T 4 (5 )

FHE liday &
485 SR 2T W — A BB 49 8 ) il 7 3% 4K (Holliday junc- Holliday &% R
tion) BS54, B W0 200 R T (UL I 2 — 14 FISE 3 R Y E2-14 REESHEENRE,




H2= W39
ST M ARSI T  DNARNA 3B & R4 &

“ET) . — AN Frsk, i T — 4~ IF 78 40 %8 04 40 B W 04 , 004 S 8 Holliday 254 #2 i i 8 38 —
AL, XerD (194 E K . XerD fEF T Holliday &5, 52 iU 20 7™ Yy A IF 2 HRAA

4 P 4 Y e (43 T B o0 54 09 A L b R A B A SRR B L Y X BRI SE A TR e LT R
FH AL T 20 M Ff Y SegA B A PR S5 H7TAE B9F B 3R A) DNA 54 085 20 B LA T 46 L o Bl e L 0T M
2 F 40 M G W . Top IV 3 b R A RS (ParC F1 ParE) # oA by J2 18 3o vl 20> 3 68 {4 68 98 0E 17 4% [ 43 o2 1 4 B
s B e o (A o — R L 6 B A HLRR R, SRS 5E i MukBKEF &6 R 59 1 FHRE e 65 (47 1 4 O
MIBIHE . MukBKF & {5 sl & 2 fE DNA S8k EREM B, Frsk HEOHEAR L DNA R —F
AT R EREY B GEILER 17 7).

RNA EICJA'EE ?&ﬁ(RNA SYNTHESIS : TRANSCRIPTION)

iiiiiiiiiiiiiiiiiiiiii s % 8 & & & & % B F B 4 & & 2 0

RNA 4 8% (RNA Synthesis)

e M AN EEMEEHER RNA #id&, BigEE4 5 E RNA(mRNAY, ik £ #
RNAGRNAYE B K RNAGGRNAY . X — i & E 0. DNA # 3  RNA #3 84K T DNA 1)
RNA R & 8IF LA DNA & rY i #2647, (B AR S W R =88R (CNTP) il A2 i S =
WERE (ANTP),

RNA %48 (RNAP)Y R —MRE J4 09 5 &L 28, BE8E R 5k A iF BT & A M55 M4 85 DNA
FHPES . RNAPEEUNZK e, pf Mo, BOBRABAFERNS « ERMEME—DRM—43' T
B, BHEATLLAHY omegale) MAANAEHME S RNA BREWE SEA M. ZOTHRI B G
#] DNA E. & MATERESN RNA, £ (holoenzyme) , U 3F 0B L — 1 0 WAL 88 00 S5 HFE A
J& 81 F (promoter) B RFER {7 00 85 A HH R M AT KE RNA, o (HMSTHEE 70X 10D WA IR FH
" e(“housckeeping”s) RA JLF & HEM o BHF .40 5146F RNAP 5% 00 sh F45& At .0 1 8
fifE RNA BEGMHBAGRS FehEE S,

613 AA HL-'E.'!E 4 ﬁ'

la Ib 2 3 4
=10 =35
(a) .
HEh TR 5]

o I e A

= i,
msmsmssssaca R ETHE
l R -2
329 AA
(b)
Fll 4 F Gpp a7 MR
o e ¥ BPE e HiE
Bl - __ W _E_ =
1342AA hesssssssssccssas
(c) B B

B 2-15 RNABASMTTRUNINEER, PRERNABRSESENEE, BhHGELEI I TEMFESON TS
iz B REEARAT HEDH FARNFENERAEERANRESE,



32' o

B E B {7 #E 4 RNA & BB ARS8 U R SR A=Y 4 & 00 3 A1 /E 5 DNA SR A4 &
R P R L A B A o T BT S 5 A KT B A A 8 (e 88 . FIAEF R —FPE RIeIfT A R E
FHE A B RNA S48 3 WA A Ih e flfEsk. B 2-15 #am RNA RSBy L5iMma i wg
R EELEAKE, BT BN R X SEATHERE RNAP & &0~ M A 858, Z M e &
M DNA AR HE, P 2-16 s RNAP # % DNA /9% 5 &% .

Tag RNA 5K

TG =8 T

EH2-16 TaQRNABREMM S FEEE, & B TS (RN, cleft roof ) #1 B T & {7 (3 & 4, cleft
through) Z 2 AE &5 & DNA IR, T30 TEMER S0 Mg®' FI¥ B o> 7T DNA 4 g9 88 62 ( &%
A 75 E fE,udder) . EHELARE T IRNA(CERY , MIESHINUE.

1E— T He s B SRS EE A 45 A9 DNA 8 E A g e #0105 mRNA ¥R A MR 55 (H 2L
TAUB U, % B BOMOR B 4 B RNA A B 00RE. RNA B AR 55 50 F X554 0 1 2 4
i DA S T 2 0 0 g 30 6 o v ) X B R Bl . | I Cupstream) F1 R fF (downstream) 3X 7 4~ 45 i8] 4 H
EMAEMS T RNA BSHBE me) DNAXE, Ak, Bl FESHEHG L. FEFEEMNE
RNA %4 8T & DNA BRLEL 3" 5" m 83, i RNA 48R 5'—~3" (B 2-17),

A b DNA Eal S xal =1 F e R IEAeR k. 2B RNA B4 38
s LA ER) RNA G 8- — DNA RBHEE S IFEELSE —4 3 5 BH 8 OB /e o e
W BER AR RNA RSB DNA BRB P FREEN T RNA BRI K 2 1 RIEHFE Wi,
e EE R 2-17 BR.
A28 (Initiation). FRPEKE 8 F RIS EP DNA FHL X B FIEREH G T8 R8T,
— IS 5 B S Y FE %) B O 3 F 9] (consensus sequences) . HEl FIEFEFINTFEAES(+1D) |
i —10 1 —35 KB ENHATER KRS FINGE. o BHFEFE o HFOIM— 10 KH—35 K4 F
F1 g

5'TTGACA 5 TATATPu
AACTGTS' ATATAPy5'
—48 —10

— 10 FF 3 L #R Pribnow’s box, —35 KB AR S, RENES, AEM o BHFHMARRER—10 fl—35
FE8) o SR . 200 9 R g IR R A2, DNA () WESHE R SR EH IR T DNA 5 RNA BAREAY M 5, 8
2. RNA B & @2 ] i1 5] oL e FEF gy We 2 n] BE 2@ o KA/ N PSR RA S B A s ER
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MALEE AR T BEREAMN! DNA #3285 6 e 5 X EH &4 (gene shuffling) Pl T EE
EH  EmmE P e T XEAMAA. X DNA2SFIICHNEARATITER . AFEAREE. Z0HE
WREHFEMHYHETFTESARBEABMNZEB A G DNA 8- E T 684 F 2 i (molecular foot-
prints) . Z0PE DNA #3240 B e 2 B 7 B A7 gtk F a9 & SCAh, 3F T 40 3 4 32 1k 25 25 5 A I s i 1 3
M DNA BRI ORCREA AR REPTEF TR UREXLEEN. AFNHMNERBHE DNA
YA R B e A Y L R O SR S R R A B R e I A AR R R,

R ¥4 ¥R 5 15 8 B % % ( TRANSFER OF GENETIC INFORMATION IN

# & 4 & & B & F & % & B BN OO & B 9 B W % 5 B 8 B " @R EEF LW F DR SR RS R E R S TS S E B F AR P BE B £

PROKARYOTES)

BT HEH IR EAR G A R NS R R T ILR s s s a
PEAE AL T A AR T2 #8 & (conjugation ) , ¥ 4L (transformation ) fil % 5 (transduction) , 44 75 95
AN 1) 2 1B Y 240 2 1) e ) P fih , LA DN A (3 A &0 O 0 1) 2 S M . 4 JE S B 19 DINA % 3% 5] %
140 4480 B e B A B e T 53 D B L it R g B 6 a8 2 175 5 DL 4k 4 i 6 A ) 2 e o i

AR R M TNe R M2 DNA (EHASHR, X R, DA SRR EEAN Dot
PlZ R anfurh . A2 RANHE % (o fk DNA 5% A DNA [F 5 89 X 388 6 45 554 4% {& (Cmerodiploid) . {it
& DNA i) 5 28 iy iz o 25l o 200 B 8 A B A AR R P 4 v, ol R W W M R (0 S PRRD) B i IR R 1 o H
SE e PR S R B CRAE T 2 76 BV 098 v o 4 2 R B4y .

}ﬁﬁl ( PLASM]D&)

iiiiiiiiiiii

A R G R A AT BIL A | 400 3 ek 4 R R 3 A G RS DNA B9 R h , BT 1950 4E7E K BT
A I TE ATt 1 1R R E T TR S TR R R (D % P R T 4 4 A v 68— /D Y T o 0 £
"*}‘I\”ﬁ{] Flfertility) H-F. ASEHFMIHEF A TREOXMHEELBRFTLEOEA. 5 F BF20E,

ST E L ER ORI DNA SRR IR . BT 00 BORLER A — 26 3t R g B 5 (T30 2 A



R3IE W01
gERESy DNAZTH FE REXNES

f”N N—H--0. Br l" 0--H—0. Br

oo g g0 o i

RN D?—N\ dR ‘<N_H__ 0)_\\
/ dR 7 / dR
Y H .

P N . 5 - R 0 R (AR 20) 1 3 nd . 5 R AR mE (M B L)

B 3-26 FRIEMANS- R () A SERGFD 5 R IKEE (HRE ) M RE N,

il
5 55 [ I B cH G TTEAER
CH; i [-|I T O
L
| ﬁ, &% & 08 04 (GO)
g ‘1'| \?"H N{/G 5| 7} -
N AN He M3 N
~ 2 Ny
a Y VN
s 0 H
OH H\ﬁ#& R R W E ,.fff. N—CH
CH, /--H.f‘_fﬂ"’H

N! o, 3N N P Tk e T O ) 7 3

Ve 2
4R \ﬂ/ 4R (FAPY)

O N

H

wH R
Z5 A VY _W “
2
N
/l

CH,
3$EH¥%

B 3-27 DNARRS LA ZEEMm,

#p 9 % T (Suppressor Mutations)

Mk (suppression) 248 — R BB E R ATEE . XS W EEHR MM EE., EaTEd
AHTE I A 2 I8 B [ ) [ 2 B 9 #D %) F (intragenic suppressor) ol & 74 /£ 5 AR B9 R N LR B Sh D #I F
(extragenic suppressor) ], HC[R P IIH] 7 0] 5| 2 — -~ 20 BERR 44 B 3%, MOTIT M T IS AT By B 22 R [ i B
ALK A TR LRI EE sl G| AR A B B AT RN TS B RS g . R PR AR SO ] R S Y
tRNAs B3P &4 48, [l E a9 R ReRaT g & B4 05 8 L E 7 Cn UAA B UAG) 9 tRNAs, M
i 7E G S22 AR 0 B AT — e Y E L RE

W F o g R N AR W AR ARG, i, (RNA I 728 28 51 B 7R B
YU A R el B SR A PR M A EC A R AR IR A K AR A M IR /D, s AR A, AT L
FE 22 UE BH 400 5 52 78 L (A 4 i 58 AR AN 2 R IR A S AR AT (0 B AR L 7 B A AV ol B T Rk A2 A2 S
P L JEAT (8 A8 A R AT AT LR . FRDRE S ok 14 0 2 3 o 900 B T T A LA L A g A el L LA
P ENTE T S A A a7 R SOR .

DNA %E%é}'ﬁ{ DNA REPAIR SYSTEMS)

nnnnnnnnnnnnnnnnnnnnnnnnnnn

AP B B E AR SR AERERNEE, B AWERMELPLRET 28 4R &S
WY TRE TR SEFFTERARGIEEENREREE. BEERT U N ESHWH
( prereplicative) 5¥ & §l J5 89 ( postreplicative ) ') } 5 i% 8Z IE ( error-proof ) i{ 5 & (error-prone) . % i i &
e R, RI-6FA THERXMITE P S5&F DNA R HCHAHN .,
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I mMEPEESF

F3-6 SEEEXHEERE

He M i 1% P i & BRI Fo
‘ada - 149. 7 G:C== AT 39 166
alkA 46. 2 31241
dom 43.7 GC - AT 53 300
dam T4 31947
end A 66. 6 26 560
T g Cmuee M} 82 30138
feaA 91,7 al2la
U lvY) 42,9
rat D naQ) 5. 1 A T 4 R R 26 949
mut H 63.9 GrC== AT HM 25 480
mutl. 95 G:C=— A:TH#HM 67750
mutS 61.5 GiCe— A:THEHIL 95050
mut T 2.4 ArT = G:C 14 786
mutY 66. 8 G:C—=T:A 38992
mutR{topB) 39.7 g 4 73038
nei 16. 0 G:Ce= AT 25695
nfo 48. 4 3 B 31326
mih 36. 9 GO = AT 23415
ogt 0.1 GiU == AT 19035
phrB 15. 9 CC.TT ik 53501
recA 60. 8 22212
recBCD 63. 7 e
rec P 83. 6 40 355
rund 41. 9 21935
ruvh 41. 6 37017
ruv’ 41. 9 18603
tug 79.9 20955
ung 58. 5 Gl =—= AT 25 540
uvrA 92. 0 CCaf TT —®ik 103 668
uvrB 17.5 CCm TT —H{& 76 044
wor(C 42. 9 CCaf TT ¥k 68013
wrrld Bé. 1 GO = A:T,EEE 81803
D 26 14922/
47516
wEF 43.7 17 872
rieh 56. 7 i B L 51669
xthA 39.5 i 3 5 30818

& BRm /2T e

1

R YT I L R RE L OF — R 1 RS - DNA 5 B 1L ¥ 75 B
3 1 BE R M BRI s O MR RS DNA B EE LR
Xt P g A EE N R

DINA Fi o o P BE (Ll BE (0 2 5" —-CClA/THGG
DINA gV B (b A R OB TE ) BB SR 5" —GATC
FERM DNA MMM |

PR MERE DNA SEREALMg . 8 -2 B IE0S 8 - S &
I, WG i A 11

SOS #EJMIFHBMEBAERN;

tRNA{AE ASP B F4b E ¥ FifS KA S8
: ag.

Pol [l #Y ¢ TE 3L

WM EERPRAEEFOHRES

B AT=—GC S py R Mt fbis R ERiiE g
W AT-—>GC iy PR, P RAESHERESRE
B dGTP; B Ik K A DNA

PREEOE LAl A G- A BRCPIBR AvseAr TH &
G-C = T-A Fiffn)sedg

b A mE I . 4 hn [ % B B ok g g

Endo Wl .8 — % & B DNA B 3L (Ll ; Sk vE IR 45 pyr
Endo IV; AP % —# (BER)

Endo M (BER)Y, L ALYE R 5 pyr

OF — F 58 5 WS~ DNA ¥ 5 B

5 50

LA L SOS W 1 A2

HEEE . Exo V

K9 5 e B B A S B

W a-1

WAk -1

W% 3-1

3— BRI M AL R 1

PRI DNA 316 B

fE# ATP 09886 ) V1A (NER)

i BEAY ] (CmutU ., uvrE  recl.)
5 HiEE ;DNA pol V

BEEAUIEG . S I #[5 COT/GYA/TYGG ] T/
T/GESRay T

Exo I SEEFERMEN S — 3 exo

Exo [[l \Endo [l ¢ AP & §é " 41 #§)

BER. 458 A7 0 e 8 45 2 NER. SE T B8 i 4 %
WE . EIESI Y shup://genolist. pasteur. Tr/Colibeis,



X L ENEL R A F S NS RE e Sk CHIL WIS R YNE EISE - Ok | %04
MOUGLL ) OL- *FRHTL B D W EHEM DN hdYD © (82— ) BEFEEN (THLIESS-L0) F=E | ST HRSH YN
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Yiigw
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ﬂ.w.ur.u_{ VIV LV IOVOIID0VVOOVIVYYDLOLY VVOIILO000L003 LV VLOVOLLOY D%_ﬂu VOYLIVYLLDOOLLO021LIV 2190229001 113D

IAVLOOLOVIVOILD LLLDDLOLOLY
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g T e

LOLOLLDLYLIOILIDDDILLIDIVLLLOVIVLLIDOODY DDV IDDVLIY DLV LD GLOMVYLIVYIDIVVIOIDYOL DYV INDOODYYYDD ¢
e _ - dos wF A8 a8 @
01- S5E-
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W5 W
B R A A A |‘37

T RGO ARV . I R T E 00 B A A L S 10 MWK ALH Lacl 47 . BRI Lacl thig
RS O, 858 M5 A T RKERL K FR O 8 F O, 1 O HIEE 400 bp, EFEFL (tetnering)
RO T O BT AY Lacl ¥R IS 2y 200 4%,

= lacl o lacZ facY lacA
C [ [l 1 ] | ]
= & = =
P 2 - FLE T A i% 1 At L
i e
(a)
™ lacl ™~ lacs lac] lacA
| L [T [ T 1 1 i ]
& )

MREMNA A i .'I

(b}

crp = lacl > lacZ lacY lacA
C . [ el 1 ] [
74 A
Bt R B TRk
©__Q—" |\rusnciam
=" cAMP
cAMP E
{c)
lacl [l— lacs lacY lacA
I ] {__}]It I 11 1 | ]
cAMP

RNA BAB — 1 A A AN NN~
£ Wil fz-f RNA
(d)

B 5-3 ILEBYTHiET, ()RR THREANNTY, DIFFMEBE, loc/ BE4HAZES, B
MEEESSTILBERI TES BB HERAH R, (¢, dEFESY (FRILE ) FENNALT,IE
FYM Locl ERBEG S . E2HULLETATESRIYTES HREUHRT. EFREN cAMP 77
# 0t ,CAMP # 5 CAMP F{E B 5 (CRP)4: 4, CRP-CAMP E &M 54 T lacP L4 H e CRP &4
fragEa, AMmEdE RNARSHS RS TES ALSTENHEEHER SIEAMEERESYNRM . &
FLBEMBERF IR,

“F/ & R " (“Priming the pump™ ). (R FLFEFHAE & A B L 7 FLREE 9\ o 69 3%, A8 24 40 M fn fe] i 7= A
LR SEIBHEBAHTEN I AW MEEN LacP B, LIEI LRGN B LES XK
ES-2fHAFE-TRKAABMASD T P2, ETHEFLORNARSMEFLASHEERERERL,
— BN P2 IR RNA RO Rl LU Lacl 855 69 T A FIGS M BE K lacZYA itk 478 3.
R ER P2 7™ AR 6 mRNA Q& 4 S8 GF 456 60 00 X RE 89 it ol 30 BB . 25 55 45 #g 19 72 1 $
Wi lacZ @) SD 75, LA vF A A g ARV . XA B SUF SR N PL P =411,

o A 40 42 )« B de ik F 4K & (Catabolite Control; Sensing Energy Status)

R TRA - ERAVHERRSE., SHEGHMENHNE TS ERMUEEAET, B#am
TRERR G A IR ED . AR KB AR A BRI . BT KB & e B 28 R 4
AR 5 R o TR O 4 B AR B b [B] B A 7E A R W A FL B L A M A B A A LA R, XS
WL 5—4, X422 809 S08 4R KRS FF i iR fE LA BE SN B ik IR A 4. UL 1IPTG AR PR, A p-—F
LA B (lacZ BENT=PD RIS . EPMiZ&mEiEM o RN - FARETMEEd THESNEH AR . R
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o 1 lm

ML o J 8 F BT 48 S 09 IF 2% 27 SE00 RNA B4R, 78 R 9 b & f B i AR b L& R R
& T4 H LR TT A I (O PR A £ DNA B EH . JURBEW B T4 DNA 896 . 45 —# T4 DNA
BORCEE ) 43,gp43) .
4 @5 4% A& (Stealth Technology ). T4 DNA ME — [ 5§ 01 2 £ B DNA A A UL B B 5 — B P Rk Y s o
(hm-dCTP?} .

NH,

H”I‘[z':.\]l\/‘-%w
N

f)eoxyri bose—5' -

% T hm-dCMP ()4 i, BB AT T4 DNA Z 8T, 88— 1 T4 B dCTP Gl . BAZIEHRX T
B -Fh T4 HED M HMC EH S BB fL, X RemMA AT (1) BA HMC &1
DNA {1 T8 7 , BE FH M B0 £ — 4 60 9 BB AL 3F & DNA L a B H A B E 14 58 DNA; (2)
FIMC 6 45 B M 17 1A BE A 7 3 S 4 T 498 4 & — 1 s ot B S 4410 R 90 1Y B R 22 ) T AS RO
o i 2 ] 5 % (Middle Gene Expression ). M B0 5 M%) f ) A6 U6 e RG0S T4 35 50 - RIE M4
%tk 6 -4 fiac. Alt fil Mod FE A1k RNA BEABMY o« TR KN Arg265 84 ADP B 364k, BXR 21
FEE T LB S HEN RN, BE A% E RNA Sl %es. AlcE A3 L EAE
T4 KNI FEMR R FEh S DNA —RIEA. 5 —J7 0 Mod JEFE (R YL S5 & MU . vh U D 9 3 SR i
% MotA BB - AMIEEYF. a4 47 TAT/AGCTT DNA F3)— 10 & E3i% 13 bp &b, % X #4E 1
KA EERE R ORI E — 135 &, T4 i E— M FlEN 10X10° $1 o7 HA
(AsiA) . TB IF Tae™ B HE R B TS, AsiA CEIEH 50 4.2 KRS OGR 2 50) il o 5
L T4 B -35 HE T LT R S SRR EEEZ A EER.

£6-4 T45|EHAXBAFERNABSHANE
B — i ] T G 0 ] B RNAP

(1

L Smin(30 UL @Y )5) <87
a ¥ A Arg265) ADP rn e e A R . B A & o B2 LA
I ale(T0 K59 <0. 5. EH AR GRMIEA %Eﬁ£§;ﬂ$ 5
. R AT o BY 25 AT

;ﬁgfﬁrgjﬁ;ﬂfgmﬁﬂ L5 2.0 K2 4 4 S o 2 M 3 ] — 001 L1

e BHE ¥ XH
o EE G DNA 56 -5
#E T-(MolA) )
#4010 K A (AsiA) <5 a fELH . HL
e ' 15 KEH
EN 0 gpadc12 Ko 5—10 I % it 9 OE 18 8 L ot

() 4 B 1

BE (3 o0 (22 KO 510 RCEAEEL BN X
bt . = RNA B AR Gpd5 b T4 5 W G B0 1 — 4~ 81 43 o B 4 14 PR
i gpla(25 Ky a fF (4B RNA RS MGl F 15 I B B

EHE F # A (Late Gene Expression ). R frp A B A E) KRN ER Y 12 min G2, BTl e
5 min.DNA B 6l FG AR RO L. RNABSEBRE— CBMmEREIX -2, Fn,gpss
BRHFHEREN W T HTEMAMRHA R, ¢ EEE B H £ RNA XS5 E s 75 A F 3, il
Wi T A E RNA BSEA R. XEHT T4 FHEsi a5 et mm s s+ a0 AR
TR HTE—10 KA TATAAATACTATT, (H—35 XA RS T . AR o5 1 fg 1B 5 15
BT A T a5 TR TS @ S R R



1?2' e e 4 EE A

(EFE C6ld'000(ERH L L) BEEXKRST S
‘REEHEVERyL 9-9B

Apqurasso
asojayuds epowoimbipa (os— #oydesog ~asoBy PG —PSOUWDED SWIE
A _ \|n§3&2?h ‘BSOUN- G BPIOIINUANO
\

#spbnfuos ajojo) -
e _Sene fu/ - 2 3 __ v § eseby pNY B ewyIoi0 439y 0]
..,.. “ w 3 " S 0 »
AR T oy T R § ——ii 8SDSINUOPUS
G = SORT Qlluneﬂul SaN
g b m-..: \|_-_hn_.z_.§,h LD
§ yas0ianpal 21040, 02DA Y0

LY
- Y 4 ‘.
T W .,.. % HE:E&_ BuNrYrGD s 80- XeY
it = o 1= ] JT. Vg
3 ~ - b ’ _&._ FN& Si0y
i . Braty b S —H0I0
H - - “ .'.l_ v
. ..,4..\//
i g ]
) o H

=)
LTI ¥ .'.n‘
RJJI. ...,_.\. - 1.1Jrin__._ 1ol

“L-
- Ui
L S - Ry
-....-...n_t
B 22—
nMwm_u ___ voydnusp soejany
nmrﬁ.ﬂ.ll\__: #508)3MU0pUS
"
and
¥+ /
Ros— " [om
85

i
a2 “x.ﬂthu.-.___l_ H._...!.H_

- I aspyanuore

e
i oy, 250248 YNNG #5041 p
\ b T esorsoas oy SNy

/ N E | e .m,m /
... 0 _ !.—..I -" - te.*‘{
/ w | . 3 -posy
/ swdzosk—-"9 R zdh . _ i &E PR A “olp —— 9504 0P
/ Ny ; . S M0y, ssoviuioury NG
Lsuapoad E.ﬁsh ¥ ﬁt\
3

.ﬂa.r f(.tmuﬁqun

p o .5
A aspmanvepud” M__ " A, #ﬁ-fvft%lgqﬁ PA
asouy suprudyy-—/ > / e HT; %G - “— posy
ﬁﬂn | | i - .J/.
asoaany (ls-yuo— B — — g ' o N esoplysawAToIDAYy o

~
,%n.. m - ..Ml_ I w =% = — asoswdiod NG
.x = M .__.k u su0Id Asossesao asbiewdiod pig

S,
N
= gspmwosodol wNT



206' Pk e

o A

~-®— tn —O{_## —OF i —@

~(®)— i —(@) i —@-—ﬁﬂ;ﬂ —®r
mEmE | AESK | AEER

®— it —@f T —C - i —®r
REHEK | WOREE | WO
WEEE | NEBE | NN

- mame @) HEHT HE-—
~(®HGINA—P)- i {(PH GleNAc—(®)- 1 ~P)

(P wwmE — WEHEHTH (P WL — AER

BB
—@—ﬁﬁﬁ—@-&ﬁﬁ@ﬁ%ﬁ (Prmm —(P)—
—@)ﬁﬁf—@-ﬁfﬁﬁ?@- ﬁlﬁf ﬁ!ﬁf@

Ala Glu Ala Glu Ala Glu Ala Glu

A A g

Ala GleNAc |Ala GleNAc| Ala GleNAc Ala GleNAc

ET7-16 BMEBERBEMNTR. BRGNP ESREUAKAEEE BEXRN P AEENBMEEH GICNAC &
N-7BEEER., (3| B Moat,A G 1985 Biology of the lactic, acefic,and propionic acid
pacteria. In Biology of Industrial Microorganisms. A. L Dermain and N. A Solomon | Eds. )
Benjamin - Cummings,Menlo Park,CA,pp. 143-188, X &£ 45 E)

acid) {548 /= 4 .

HMBERReUW AN ERERAE T IS E 2 REEEE . XAy B R H hBEae K &
R —A /DB KBERS |, BRAREEFRRE (S. pyogenes) B LTAs B H MBS H B ®: — 8 & — H
BEEEM RS, TEE hirae PHIIREBEIEM _BEQ-HHWH - HEBH —HWmE. WesERE
(S. pneumoniae) BJHENT & HT I (Forssman antigen) 5 fi5 8% 8% 86 F8 {01, & & B0 T 4 B 5 B - % & Big J&& fol
HE B, .

VP ZMHMT LTAs REETHMER @M. THPIFFEL. plantrum) b, LI H 0B F 7] & — 8
PLLigdric B HH s E di Ah i S MR E MR A me s 2. EEREMIALITE S, e
B AR B 0 e IS Aol ik . MRAREEERPE (S, pyogenes) I IEBEBER MW E S T mEH BHE F
BREFTERWHREOEA . FAIMEBL. ZHEHYS - HFMERE K A WE AKX, XD W
EEAmEESUESSESEE EAR AR MRMAEEN. B BT EH L. fermenti) {8
FARFLREFLAT I8 (L. cased) , (LM SR R LGS A8 B AR RILMIT AN B e n . o ae
U2 10 AR 1 o R 0 e B e B Y R 5 LA T | R R I

g MAE T UEMEEmES Mg®' S EE 7. EAKRILHFE L. buchnerd) i, —4~ Mg*"
TS5 HeE TAYWHEMABMRERALSS. TAM TLA MR THRERMAEHORWESEEANT MM



7w
RS 5 e IZU?

> B HIE RS . & T 06 M R R E 2 4, TAs aTREMUE AAMBAMER RERE S — B EE
HE &L KA LRIEA.

D-NER-LTA WAEDSHRE R EEAFTE (L, rhamnosus) KR F R R (B, subtilis) WA 7
BEER (S, mutans) AT ST, D- AEBERAEE 11 (Dep) £IG i D—THEMBE A SBL G M LTA
AR RS . DT EBA AL S Dep MR D-FEM: Dep MMM . BESTET D-H
HMIE AT E O E R A E R, EITRE— die YTt B dieA HF D- H &R : Dep
e 13 W8 3 11C BT Dep; dieB HFS — 2 A 35 R 159 B L) D PB4 Mb s it D S —Fh 15 K 2 119
RS R L PR R (1. 47 SRR ER T (S, mutans) K BT T 5 (0 192 R o B G I P R R R B R TS B
AU (PTS) 3z S a e , fE R K 21 B 1 di A TT i T3k B4 K8k PTS B2 B M 74
e R R R RSB ERTE R, 10 D S EEE - LTA 4 LA R I 0 2 5 5 40 X S
dlC 5 FAFBRORBEYEAR T pH6. 5 954 F A AMIAE pH 3.5 M3 Fedk b B8 3 /IITER 231,

BB A % 2 FE P AN B R R ) LTAs, HASMMMMM B LR T S HY
LTAs ML B A 1K, SR AR E M0 B KB K40 B8 50 o 41l % 8 Ag .

F 2K M4 H 6 4R (Outer Membrane of Gram— Negative Bacteria)

FERMHEEE R - TR ENIES EER X MAAREMSE(E 7-17)., LE/EETEEA
SRR, LU E 4R e R AR - A RRE R R, 8 7 BaE T A ER
N R BRI RUZEIE S . e air R EMRE RS, MRS FEEE RS MM R
BEP R AR AT MR E KR AR RANZ. HEFTERHBEZHELTOAR AR EE S A B R
7-17), %pB% % B[ outer membrane proteins(OMPs ) 1¥x 5L E H (porins) . JEM E# 1 ~2 mm #7175 i
Ky B R AL A8 o 08 Y K TR T ok A e S AR

= = = -
Z Z Z Z e Ot ES
nd N MR
-— B
= I
ABOER
TR ) ~— a3 e e ]

M =<—nema

oo ) IR 8
WU iy

4O )~ wam

M7-17 E=REMAROBREED, HRANGHARREE, 8RSk r T aRENELBER. MDO-
BEROBE, LPSHBLRER E coll K12 B K, ZE R RS O HRMES 847, B4 FE 4 0
Bt fnAds{E. (518 Raetz,C. R H J. Bacteriol. 175.5745-5753,1993. )

A& % ¥& (Lipopolysaccharides) 5 2%t = Fh B A< (49 21 4 o XM AR, GNP 717 RO 7 18 FF %
B [ W feSh 28R4 S A EE AR, 0", WA OMBEFHENHR S B Rl 1,
OHilF X BT M LM & X R W TR ¥R (Salmonella) 5 [CH R (Shigella) 1 H T W5 4T i £
(Enterobacteriaceae) LA B K WHLIRYE2E 70 18 Flfb 25 50 6 i 35 & 69 5 .
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o T R A 26

1. BEAME SERIEMERN G-1-P, .

2 BEEYRTLE IEC-1-PRMN G-6-P,

3 CREE FHAPCRARSAGERBAY C-6-P. W E AP GREEEULN F-6-PlR
Ei 3a).

4 BEMWEMEFTME(pgl) . B G-6-PRENF-6-P

5 EEWBE(DKA) . FIH ATPIE F-6-P 8R4 FBP,

6 PB¥E T GEEE(FBP)EE4REE (fbaA) 35 FBP RN GA-3-PHIBM _2AMF,

7. AEBERAMN(fp) . CGA-I-PHERE _ERAEMEERL,

B HHE-3-MEHEME gop) fE AR RPN — B EE(NAD VXM (PE S-MEH hERL
0 1,3- "R H BRI A B NADP + H'

Q. WEEHME M (pgk) . M ADP 4 ATP,

10 MEBHEBEEUM pgm) FIE2,3- T REHEERG I HBEEmMBESh 2-REH AN,

M. EEBAE(eno) H2-HBIHHBARLTALASEEERBER (B~PRPEaEERT)MBHRFEEL
£ A B (PEP)

12. AR R DYKA  pykF) M ADP =% ATP,

13 LBE SR FIANADP+H BARMBER AR,
WERREERMNR

14 ARERCE FIAATPERIEE _S4WK(CO | SARRELAERIM(OAA),

15 REBABSARREERR AIMCIPHFRBENKEREAAEE,

16. BME-1,6- “HEH M1 _HBRERBEBREN - WBERE,

7. WERE-C-HEl Mo-HEBENEENREREAASE,

18. ATP-HEIBERBEUE m G- 1-PHATPE ADP- M &,

19 BESHE 1% a-1,4-B@ME ADP-WHE LM EEATER.
H i B9 R Al 0 ) A

20 MM E sl S _ERABE-PERMHIE-3-P,

20 REEER. MBS WM H AR EAH .

22, HimmE FIR ATPE Y hnEREd,

L2 22 i 3 8 FF 8 Embden-Meyerhof-Parnas(EMP)Y &4 . £ EMP 48 H L -FEEM N .

L L e

6.

R AR 6 - BRAE L ATP BRfR 1L

HBE - 1,6 - B M BT — P B0 T G A LR LN
&5 g 4k B

AL R PICEHLES) #Y [ 1k

H i i T D R A B A R ) R et B
I 3 A2 B QB R 14 98 T

FF Bk W A BE HY B S B A0 T I s

Ci Hy O 2P, +2ADP —— 2CH,CH,OH+2CO, +2ATP+2H. ()

EMP 2 8 W74 TIF 2 RCEY UL e Y, Hooh P o 8w s A i fb i B B iZ i R h i
KEER R AL TR 2 — . TSR = S, AR AU OO A S LR R AR - AR XA
A TiE .

i E BT T R0 A S b R AR P ok iR TENL P L R R T RO RO rh BT O R R
SR, R MR RSB M k. WS, LB MR AR N 28, TEALA
ZH 28 RN L A o [ B BK B R (Streptococeus) FLERHE B (Lactococcus) LT & (Lactobacillus) v, 7 Bl 5%
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B 5 LR . ) b - SERERE R T EMP iR 42 (4 U YA R TR RE FE ok B ROL R MRS . X
Ko W A AR AR 10 B AT IR AR i b

B IR A7 1 0 PN = G O R CTC A vh 5 Bl 7T B 45 9 0 A8 o (] 7= 10 47 TE 3¢ 6 9T 4% OB Oy [l 45 52 6D
m# 8-1 frx , AMP o FBP a]J3 ) JLAF . — SRl = in AMP B R 7 LR B R (PEP) (Bl F2
PR CDHAP) a2 5 5 7 40 24 [50 %0 400 Bt fHe AR W22 0y — B2 47 B (NADH) , X 5 2 4047 40355 69§ FL A5 40 il 1
. AMP ¥ BE (% T v 45 o — R IRAEIR B 8045 5. 3t DHAP & PEP 1fii 5 » AMP o 9 7 4 iff il i 22/
P4 A 10 1 4 B A R Y ML E A eYiE T B . T FBP K 80 F1RE R 2 8 1 2 7 FL R A i B
A0 R . FEBEBR T b L 6 — B I A W R ] 00 B ER O FE TR 0 7% 4 6 — B I8 R A A SR O U5 1k T sk
FBP 0§ (#2 8- 1), o 6 50 A My 5 4 ek 0 IR 48 B K S IsT /R R AE S8 5 B 2 ik AT 7 i aidie.

RS- RREEERE A0 = H B U8 BR o B AR B 2

il IEH L NE
i B 1§ T 4 1V L K FBP
s A S F R PG
BEE -6 R AMP
B L A ADP PEP
M Al R N 1 FBP
M O 2 AMP
Frodae WE O 0l G AMP NADH @ o - KG
TR 8 AR A NADH
L AL A NADH
it A2 s 5 ) R R A N NADH
% AL O I TR T FBP.Z &t —CoA F A 4 M £ el

FEP. $: 88 16— 86 - PO A — 8 Al BT SR AMP. R4 NBEAE . ADP, BRI Bl : PEP . B A 56 M o0 77 B A« NADIL . 9 [ oy i
e g s B AE .

R T T R 3 A T O e o ) 5 0 A 2 W s Ok WP 81 TR, RIBWERERL RS LB AT
AR AN peip Sk fhaA Fl pykA W)RIKAZHETHERIE M, SR, gap 3B CRFD HhRE -3 - BE kR
M) 0 R GO R AR Cpel) IR ONTC R B AT R AS B, BCRR S B AR R E T @ LM v E A
(CopAd B2 — 04 Jag Yk B U 5 4 1 0T BHE B B W Bk I A B LA e AR R oo o ik . X Al
VH A S50 R TCA IR R AR (N 23K 0 B L LG M e . AT % - B 00T 7 2 (1 3
PRI 5% A D0 38 5 0 A % 5 B vl A7 0 R — P 0 B I T 0 46 9 I EL Ot W R A A 1R BRI D f O R
fETEIN A fE &K,

) & A F & ¥ 4K i& 42 (Alternate Pathways of Glucose Utilization)

Warburg 1 Christian 24t 7255 — A UEHGR W SR TR A A HREH. iR 1 %28 -6 -
WA L G 6P R A8 (2wischen ferment) 8 E 4k 1Y, 6B W HIRE 6 —P-GOM S ALVE . A A i
WTH6-P-GIEM —FEHm R EER . 1 T Meyerhof #l 2% #1347 8 18 FBP BE45 8% (EMP) 243
A2 A S AR ) AR R R B RN, AR XA AERERMEER YL,
K B DR R — 6 — RS AR TR i P ) D A o S R T A T T T 0 A 5 R . X £ 5
B R A AU B JL R AR AR AN P 8 —2 MM 8—4 Frok 4 F idie.

Entner-Doudoroff 2 #] 4% & 88 i& 42 (Entner-Doudoroff or Ketogluconate Pathway)

Entner-Doudoroff 2 & C ¥ 8 AL Y BB AL R 00— o0 L 2. 8 -2 s, &l 2 #hiieH
R = 6 — B 1 ) 40 0 K 8 edd BRAS) I 2 — B -3 - 4 — 6 — B B A A W RS (KDPG) BE 45 W Ced o) . 1A
i . Entner-Doudoroff 48 Ml EMP @46 0) E & X 9I7E F/R &89 6 -C th [ P~ 4T C, — C, 4 ()
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1B E— T EERNIESY . B R AL A S HF T G Bk A T T ) PR Vi OB AR E e A
AL A B TSR MEE ald) . X W FKIEZ A4S B M 2% N B (dihydroxyacetone phos-
phatEJ*ﬂ?L&(lactaldehydc}ﬁﬂf”& o vl B WTSE ) o N N Rtz

(it BT, Fh 5 NAD (B a0 S8 L SLE Sy L-FLE, M5 —Ff5 FAD fBRa iR =
A - FLER AL AR JE H AR O iE R, EREAETT, A RS NAD B H ik
I AT B LR L RUEENE T ORI IR T MR ER. ﬁﬂﬁﬁﬁmq’ﬁﬁ?ﬁld—l,z—ﬁiﬁ
(1.—1,2—propanediol) . PRl « f & 013 M AR R AR E RN . LS8R fucO REE iR
SR T - RN R RS, BT 6 RE - L3 FEA D-PIH AR L8
WA R TR E . BT R E (S, enterica) #4253 (A [C B (K. pneumoniae) 53 ff AN 1. — i 3 Bl AN
L~ R R R R 6 R 4.

B kEE =4 K A Ao AR 2 B (Mellibiose, Ralfinose . Stachyose,and Guar Gum)

AL B S o6 T AR B9 L U R I, W 106 TR . R i 8 4 B el AR N
RV =4 0 BOBE R L H B B0 0 A0 TR S . BB I BT 1 (Bacteroides ovatus) , — B & 75 A
R b EER B Y R E R AL SR ER P BR T o« P ILEERSEM:. A
M - 8= D~ F 5 S A . P AR 0 T JR S0 R 2L H SR BN b SRR SR A0 B W LA e R IR B

CH,OH

HO 0 @

aDhMU*MDGm
i
CH,OH CH,
HO O / O HOCH,,
H

OH O ( oH

HO 0 CH,OH
OH OH HO

a—D-Gal-(1—=6)-D=Glu=(1-+2)-f-D-Fru
o

CH,0H O — CH, 0 — CH,
0 O_ HOCH

OH Ol OH

a—D-Gal-({ | —6)-D-Gal- fl—*ﬁ} a-D-Glu—(1—2)--D-Fru
7K B

CH,OH CH,OH

HO O O, OH
OH DH HO OHHO

OH
a—D—-Gal{l ~6)-f-D-Man—{ 1 -4)-f-D-Man
.7 M
(F 3L 1

B 10-6 & i .E-oR OKABANGER(FIHBRER) NEMW,
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REEESAETEDBNRSE IZ??
KA P L a FILARHER | 570 DL B B = B K R B A R 4 2 K BT 7 80 o LT I
A5 AR

SR A0 BE © 5B B8R 1% (PECTIN AND ALDOHEXURONATE PATHWAYS)

B & F B OF E B S 0 8 % 8 @ & & & & F B B ¢ ¥ B S F K ¥ 8P RS BT S R ® & b @ & & & & & 8 F 4 8 F D 8D & B RE SRR SR W

R A EE T RN ER -1, 4-D LR R, C R AR AE R R . FERE RV EE
7 B T B0 A LA 7 R B TE 8 O L ) i 45 BX O R T (Erwinia chrysanthemi) I E b KL A (E. caro-
tovora) s Moloninia fructigena , 8 JI. B B % & (Clados porium cucumerinum ) Fl JK B 75 8 (Botrytis cine-
rea). B EHTE, NS L4 T B I E (Butyrivibrio fibrisolvens) #1 % 3 E 88 ¥ ( Lachnospira multi pa-
rus) Al R A s R E R . WA EN BA BB RBEMT g ZEE S . BRI E (Bacteroides thetaio-
taomicron ) , TEANK BB K ZP KA -FHE 2 RAEREE . L EEFRESRREMHEHD S0,

RN E M S bR R E S A 0P AT SRR AR, P 107 B, FEEH ERK
MR (Perm) 255 C-6 MHEMTHE, A RNE R LI HEMR, o EHREMAWE (B pelABCDE Hi5)
FERE M AR IR Rk, N A —FIM D Z R EERE I MER _RBK, £
B r E X MaREREPREE -FER 2 -8 -3 - RE -6 - Bk W E K (KDPG),
mE 10-7 s . 85 KDPG {#i#7#F Entner-Doudoroff 24 AN BEAS A BE .

HAHERE—MHp- 1A AR TRHERENNAEHERE. CLUESRNTENNBEFEE BN
W ERTFETHYMAFANARE S, SaaiYmE NI EEZEREEYER 493 YHEAT
AP £ 4E % AFE R AR B R IR AL & BOcHRBE D . £ EF RS WE QRN — 1~ F TR ®2E 5
I B F AR R AR R BCEAR . SF R AR IR AT AR b Rl B o S A A T TR
AP PR I E LB R B I P RN R EN A, A FEERERER N1 &
wed T 7 O 5 S UR AT

BEHAERETE - MEALRAHILAETEE(E 10-8), FHEEH DAY -p-1,4 - # B SRS
HENABIMAOBERNMNE/NER. BEG RN —5-1,4 % BB A M B85 00 o I5 ok 4R 6 B ) B
R4 _WERAL . dm o T HE R A T R K A R R .

X BE £ M 3 K % B E K E (Trichoderma) 8Y, Phanaerochete ( 22 4f B i), 3% £T 4t 50 B 18 ( Cellu-
lomonas) /N HLE R (Microbispora) , Thermomonaspora (U H) FE YAl {ERBAAFEAOmM 4, &
W A 0 A a8 W BRI (Ruminococcus flave faciens) FIFE B8 FARE 22 R ¥F B8 ( Fibrobacter succinogenes ) , 8
B PG BH PR R S AN ET HE MR T (Clostridium thermocellum ) W £F 458 8 (C. cellulovorans) of ff £ 4 #
W (C. cellulolyticum) W — PP 5 MRE SR L8 E S, B 8 S 4 /& (cellulosome) ‘E'ﬁ?ﬁﬁﬁ
ol WA S /NME R S FiFE R EY(E 10-9), BT EBFEMNTHE/NMESE S EEW s
L0 — PSR E A, CipAs — R S U0 # BEBEAE , ExgS; A - Fh Y13 BB/, EngE . Ak, B4 N 814 B 8%
i EngB.Engl .EngY fl —FfH @ B MM, ManA, ¥REAR -FFRELELHF. B -FRHHE
dockerin B “HRAEH T FAREMTHEM L EEAMNBS. AfCSEE 7 2 /8 A E B9 4/
ST ERNOTRERM TR E MM EER-.

AMPEMAEZOMAEYR AR TR L 2 ashYaym 5 oh fpE A M KSR i 2

AP RAEERE L, BN E — 2 SR A B 695 S 8 B 7 FS Ak 1 R A SR BR A0 3 A B i
AL HE K RIRE T .
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bR PR TETE PP ORE ROBOK MR B . 8 T EFLRR AL AR Rk A 0 IR A B SR oL AR AR TR ATP B
p L B I T R 2 AT S R IR A R RO B MR TR .

L B B ke o T 4 0 LR T U U B i 5k 2L R - PP B MR R AR B9 1 P LA B S i £ TR A T A 1Y
ATP # Wil {#4F 1 PP H I BERE -

2B+ PPi — LEiEERE + Pi
Z.EEREAEE - ADP — Zf +— ATP
e g R B A AR B R AE SRR SR D B FR AR S R P LA A PPIPE R A KRE R IR . BRTFBLER
A (APS) it APS i F sk h F b bl BT EM B 1.,
APS + 2e¢ —— AMP + SOY

T 45 S 6 R 3 — A6 R TR B A 8 L T VB ER ER 0 R A (a) | FE R R AR R (b)) B AU TR £ i IR
M (o) BRI SRR EE TR IR 2 5

- T 7— 2o
380 —-fa S, O R — 5 ()] o }l S
oy A
T S{_]E_ S0
| |

TE T 57 B 3T 2 B0 A 0 0 8 26 o TR R A LA A A R A D o — B R UL, DA SRS O K B AR R A BR T S
HMEAEAFER:

258" + 30, + 2I,0 — 2H,50,

A 1 5 B8 B9 BEL B M B8 C Sl folobus ambivalens ) W) 485 3 47 D€ 4050 60 4 B 1 36 , 2 LA SUALER 4R 9 e —
B U 1R R H, 48 50 2 SIS FURBAL S (L S)

s" + H, — H,S

4% %0 ) (Iron Bacteria)

B AL W LT FT 8 ( Thiobacillus ferrooxidans) . 3 & K8 (Gallionella) .47 & T (Leptothriz) B FF
B (Sul folobus) BRI A (Sphaerotilus) M F FLE #H (Shewanella oneidensis ) E B A GBS ¥ Fe' ' H AL it R
Fe' " i R 4K 45 4 By ol F1| F 6B &4 40 s

Fe?* + H' + 0.250, — Fe'* + 0.5H,0 + 40 kcal(167. 2 kJ)

ST AE - MHEEARE, FEEERAHEANRENA TERRET R RER BHE2ESR
PUEY bR ekl F' " fEhME— W K., EATSEMraMmEea mE8MEY
AR BB EAVURY ERFUE  EEAEREN AFDMAER T, SAETERTREMN SHEAIE
FH R REE SN R REN, BERFEEMN pH. B 70 E R SRR 5 2 b B A 7 I L
WA R REE AR R SR FAEAHE LA SRR B A R A W AT B M 2 Mk Fe' BIRE
I | AR EEMRA . ERSEKER (Gallionella) FRARTE B (Sphaerotilus) LA e HE — s 4k
BRHMEY R R AREARE . ENBESEXERPFRA A AHETE R AR XEHNREIKESRN A K
=2

i LR ® (Shewanella oneidensis) & 8 --Fhn] LIA R 2 RO EREWHA A F' ' fE R B2y
HL P SE A L 33 4 T AR A LA o IRJ7 X R B N BF 8k (e - FeOOHD MR F (o~ Fe, O, ) XFEHI & Fe'" 5"
Yre, EREKMT A LICH 2R AEEFI A — &5 1% 38 8 1R 41 B 5 9 68 I8 ¥ [ A9 B+ MBI
T AR B 3 5 R D JO 4 () RS BN AN MO SRR, DT A R b B . B TR E] 7 AMNE L, i



312' MEHEES

B T RN R SRR A Fe'' L i il Fe O BROSBEHI S A A a9k RYER R . R IR
ThHEMEFETUAN, & LREMS T ZM M ERASAG T2 2045, T/HARE
(18R 0 IR G B B sh B & e AR B T AR kil MR e PR R B R

FA & & 57 B (METHYLOTROPHS)

wwwwwwwwwwwwwwwwwwwwww LB A

R 05 9 75 4 4 LA TP s L AL O g o PR MR A ME— BRI RE IR . T 62 97 B (methanotrophs)
SRR LU SRR IR A BE IR AY P RIS R . PR LLAh MR - Su R 2K i R £ B R R A BB R A Y

o EHHRE, KEMEREEREEESHN . EMNREERMAC La RN e ik i 12-6
FfF 715

0, H,0 2cyte,, 2cyte,y NAD" NADH
+0.50, \ !
cm}% CHEDHL"—‘ HCHO ﬁ—HCDDH co,
NADH NAD™ 2eyte,, 2oyie
(a)
H  NAD NADH NAD" NADH
CHEDHT—;:HCHD OGS H—Cc—oH H—C=0——=HCOOH co,
| |
FAD FADH, SG SG
S-HMG S-FG
H,0, 0O
*Hﬂ.#ﬁ%ﬁ{mﬁ}
H,0+0.50,

(b)

& 12-6 (o) FEEHREC LSV ELRERN —REEZ,(b) RFEEFEBSMFREN CO, MK
hiFEZE, GH, HEMHAE S-HMG,S-ERESHHAI . S-FC, S-FEAMH K.

WEHEETEORERFA BT EEFRAXIN AT ARMAR, X8 | HEEFRERAHA
Tl P A A A ) Y R

3 HCHO + 3 5— AR B M —— 3 6 — B e O i b

6 — BB O BLE oL PO U e B 3 - BB H . SRR R AT .

3 HCHO + ATP — 3-BEEG H M + ADP
SR 1 B T 5 7 SR T 4 R A P T

2HCHO + 2 HE®M — 2 2 Hfb
2 EM — 2 i — 2 pERE H AR
5 8 =g (L S

PHCHO + CO,+ 3 ATP + 2 NADH — = 2 B¥F8 HrihAg + 2ADP + Pi + NAD'

e 5 3% 40 7 f0 F5 B L S BR B ( Paracoccus denitri ficans ), LA R B SRR PE . 4 22 3 08 ( Hy phomi-

crobium) UL K 3 6 FF 8 ( Xanthobacter) P ) — 254 fp, HE, KEHRLCHPREFEHR TEH AR

(Methylophilus) B B0 IR (Meth ylobacterium) W 3L BR R (Methylococcus) P 3255 gl g J& (Methyl-
ostnus) 8¢ & B K LM S & (Meth ylomonas) .
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e
i e -
2 i " 4 T ) 9

NH; — itk &% 2 KA B 17§ 1% 7
NH — NO); 8 —6 g —4 Nitrosomonas spp. e d —aREaE C
NH,OH — NO; Wi i FY S 3L B A £
fF 4k 1
NQ; — NO; —2 Nitrobacter spp. AR c Fe'
DIRET ER A

a5 T HLAL BE A 35 5 54 L FT 3 F (Nitrobacteriaceae) P 89 1 & B #F 47 9 B2 58 fb4E L B0 0 B +
A [EAL BB 0 B2 s IR, S0 F LT Kk T8 1k 8 B B ( Nitrosomanas europaea ) F1 E G B2 £k 48 1L
&, dE AL (Nitrobacter winogradskyi YO 8T 12 #0511 . B Y IV iF A B R T MR 5 b R
EEL A EAER PR A R T EMNTAEER., BEECRNERE— MR8 T A8k % R, &
BT R AL

NH,+0,+2¢ +2H — NH,OH+H,;0O

F5 I it — A0 9 e T SR A i T S T R R AR
NH,OH+H,0 — NO; +5H" +de

B A 4 AR FhFEAR TR TES TS, DI AR EEeE, i TEd
F ARk = ATP il CO, BRJR ., fELEICH LT M 4, I NO, | O, i 8 /bt 455 09 41 i
GF c FIbMAE . M el TR EsE A - EEMERE, E0EETFE CO,. HE
FAR A b AR AT R B RO RS SR R s A A Dy R B EE .

RREMTHGEOOTHRSERERASAR. 7. R e RE s A X
EPHEMMEEEZNEHEREREDIIRR. HPRMEAspergillus flavus) #ESMEER, B I #A A
f b R AR Y E R

B2 i A 4 B 6 400 it BB R T ( Pseudomonas stutzeri ), K AT N, O B N, 6928 B WK 7™ A RE R .
N, O B3b FGE B Rl L HOEE - B ARt n v s S a8 s — 8k &,
AR R GE NO B IEEEmMER TH -S4 —RAEEH N, — I FHEFHEE EA- -2k -8
FiF T B9 nir snor Minos BEEMEHABECD SAMKE AR E P EE. ZEEE P E DA nosnir-nor I
FFHERI R 15 3B, S5HEN nosZ RIS FH M N.O B fG., =P HEREHE nosDFY 58 M FH &
A . TR R nosR ik T i SR B A R A HE R 1 nos KB, E N nosZ FEHB) F
ik FFOAFE . BEAh A BHE IR HE R A R F For Al B0 Y5 nosZ M EIR A X (L 5 E 4 L1 HL
H A A) .

RER—FERANEINEGY, HE M5 H,NCONH, . 1 TEREGVER TR A5 8 b il &
i B kR AR R 4 B SRR .

H:NCONH, +H,0 —— NH; -+ H,NCOOH
AR Bl R A R T
H.NCOOH+H,0 —= NH,+H,CO;

TE 5 W H & (Bacillus spp)  #[7] VAT B ( Helicobacter pylori) ., FES wAEHIEE (Klebsiella aero-
genes) . A AR @ ( Proteus mirabilis) ¥ /B 25 1 92 HE /R #% K @ (Yersinia enterocolitica ) PHERC. £ R B
T SE T 0 BR A A R B . e Ah , — o U i R A R ) a0 A AR A R R Rt & H R R R A
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W BEES T R LATEAIE. X N E 1 [ SEFF R L S B2 A s R e 9 TR A
Bk b — A P T, R0 S WS LA e TR R R Y By — i W R . BREEE A
B PN T RS B S B . XY RAZM James B. Sumner 81 F 1926 4F 52 B #) — 1 D7 51
fil BRL ot A Jo R 4R AG T DLIREE L

1F B 18 40 1 v MR B 0 22 1K SR 4 TE Y Y 00 B R P B = el R] A 9 BUIR Bl A BROE A TR TR RO
B F5 T . 7 W SRR 8 ( Streptococcus salivarus) P, IREFH FRIRTEM pH A 2 2 BH i) 37 A5 B 24 oo & if 3
B EEER R E O B RRAE FE LT R A R R AR 4 A R T — RPOR Y, R BB AR TR 2R
o B AR AR A S A BUIE . A R 0 i B IR 1 fil 8 A ot (o DR AR VR R b T A B b R VL B G S
M, TR SR AR R A BRI A GE ., ZEE L A REREREN SRR EEAMHREENERIEER

Tili 4 % FC AT 1 B T B0 AR R B = 4~ 3 A T 2k UreA [ UreB,UreC 4 i, 75— 52 AR B+ 1]
BN —4 =B, A4 UreABC HL{Z N & 4 A HIEE 3. 6 A, dy 0 51 5L £ Y it 4 6 5% 255 M B 0% 1048 0
T AREEP.Oh EMERE PR =K U HER S RS ER S TR AR
i {37 19 £ B BR 47 F . B NI 169 Th BB 2 4 PR & S 1L U= S fbik.

%*ﬂﬁﬁﬂﬂ{{(ASSIMILATION OF INORGANIC NITROGEN)

B 0 W F B ® @ @ W % 2 & ¥ F A =8 @ n & B @& @B = & & B § & B S 5 Q9 3 A & B & & B oF & & & B ®R & & B @ &

VF 2 80 W A T 0L B 0 B 7 A O R B O B T B A Y & R A E AL S i SR T AT R
MEF R R YA, fFoTEORM L E4 M b pr A # A8, Kb ae s d & 5 # R AL TE il
RUE/EULRD . 5 s0 ER R SR IS VR S E AU ol  e] AR 0L 0 R B A A AT A | MR B B A R
EHE., ERMAETEEREASAER NEMEEXALEAmNEM. SEAFRCAXBFEETER
15 F B (GDH) , LA B At e 88 648 A0 78 1 B 23 S0k i i Mg (GS) Fnar &Rk & iU As  BETL B9 BL R AnF

2F M 6 iR AU B (GDHD -

a— 1% —® + NH, +NADH + H' L-#A%/ + NAD'
a—BHIE 8 + NH + NADHP + H" ——— L-# &8 + NADP"'

HEBMESREBGS) —— HEBS I (CGOGAT) .,

L-#&M + NH + ATP —— L-BE# Bk + ADP + Pi
«— M8 + L-#&EftHK - NADPH + H' 2L E B + NADP'

BN e FAE M+ NH, -ATP +NADPH-+H"' L-%&#+ ADP+Pi+NADP"
FPRMAES P AEB S UME TMHHES GOGAT ERACUENMA T ERMMERN -2 - MK - #MaEit

HE A RE AR R SR o i) BRI R R A A R P SRR i A R K A

N R A (ADHD -

FAlEEE - NH +NADH +H' — L-TA&Ef |+ NAD'
A + NH, + NADPH + H' L-PiEM + NADP'
KA BN

fEFAREE + NH, L- K& &M

AN Eb ke E RSP FENERABRARRMAR. EESWsEd KEHMEY
. AEBERT T HAEFEEREMER. £3FES NADP (BB A EBR AN GSGOGAT £45 M Fp
HaLRE e A b JNADP-GDH ZE 4t &k & &4 FEEM .M GSGOGAT F 4t W) & & vk B K T
1 mmol/L &4 T i5 &, X0 R G040 T 5 B MR AU IR & 2 1 R & L 2 0 19 0 A 8 7 e e 0 122 Bk
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EEBMNEYSMRSRE
fCDDH
COOH CH,
DHFHl + FHZ
_ 0=
MenF éGDH CDD_H
COOH AR a-MR—M]
@\ﬁ CH, MeﬂE*MenDt\.CHECDCDDHmD,
_% COOH
OH  (oom Q“/(CGDH CoASH+ATP
0 MenE

THRHEMETR 0 TR H AR B AR A

wen,
OH CoASH
DDH

OH

1,4- — R E-2-%F

{cHIc:H=c:HCHg;H—\{\.mz MenA
0
l (CH,CH=CHCH,),-H
0

Fie FF B B R Al

SAM
UbiEK
SAH
0
I . (CH,CH=CHCH,),~H
H'3
0

FERIEAR

B15-23 FEZENLEVEN. BNGERBABHESET MenF, FEERL-MHNFIXB S8,
MenC, BB INEEFR MBI MenD,o- M EMEPRSAM I MenE, MR IEHE2PRME
AGHE MenB,1,4- 2R -2-FFBSHE MenA,1,4- BB -2 ZHHBI Sk - EHD
fff UDIE, S- IR EFRMER (SAM) BEFREFERTERBE, SAH,S-BES ¥ HE®E.

(DOHAP) 84 75 LA B 40 & 7 ¥ 9 B 335 Fe AL U e R (QAD L NI 15 -24 BTR . fif A QA B NAD Ry
RN AR QA MRy N, BREFREHREY P2 H. KBTEMBEDTTRE U ks KEH
HoEh W B4 A LIS S5 0 B I (Mycobacterium tuberculosis) JHB R K& E i/  DOHAP & 3k
A QAL fEPEURIET BT BE A XA AR - DOHAP 7 4 i QA Hy 1530 380 48 % Ji B 4 ]
e Tl VB S BRSPS TS EARNBEEA S TFENS Y. ik, 2 54086 R
M AR Z MR, RAN TEEE (C. butylicum) Wil i 5 — 5 T 4 S0 FH BR 45 498 62 o
6] =8 N-HB X2 EME M EeE. a9 2 fn 2 8o et LA B B T 00 00 R 45 H 7 B e ik &R
(E 15-24),
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HELE, THER

M. e, REHE

@L—B—CHICHNHZCDDH H,CO® Hc’ﬁCDDH Héi,qcom{
N wEm C=0 , |
H | H _CH
H,COH N Scoon u,N  “COOH
20, DDHAP/ KEEE TR E
COOH
H2CD®C0011 HCOOH
0=C H'.EH
o Hzé CH _COOH
3-0HAA\\2 N7 NCOOH Hlltﬁ
H
SO o
0=CH COOH
H,N Cnmrhah ;( ;fﬂgiqwmmﬁﬂam
COOH
e O

'-A]"P I\/\/r +ATP
HH“Hk COOH

@(CGGH J

NA [ .

" NAAD
N N

|
N, R—(P)(P) R— R M
ADP- # B

CONH, CONH,
van(” - \ CY
N NAD
R-‘-\
CDNH

1'1 PP R— M 5
NﬁmR CCI'NH CONH
2
? (j% O/ HﬁDP

EN ®® T

COOH

NAMN

# 15-24 NAD £ ¥IEAMAEREZUEMEZEEEN, I-OHAA 3-SR - UER L TR AAFM2-AR
BE-I-FEEFRE DOHAP, BB _ SR W H  AcCoA, ZH MM ANAN, EnEYETE,
NAAD, fE 5 B iR IR 00 — B 5/, NAD, MR AL PR UR v — i 88 . NADP, [H BE ik BR S204 — 42 6 B B
NMN , EER 2 %0 42 F B NAMR, 1E BE B0 17 NAM, B A% NA, B 7L,

A AT R A RE R TRV EFR S — R MmEFH NAD A& ik 2 . 3 o S 40 BERE 9 B
PR AL A NAD 0 3 A8 5 g 2 i 15 ek g of 72

B + BEEE B AL BB (PRPP) + ATP — MABERE 5B (NMN)
NMN + ATP — NAD

BB I8 (Lactobacillus fructosus) ¥ B0 0 FT 86 ( Haemophilus in fluenzae VEP XX FiE B S
NAD., fenf#laie M e M TRE AR, ERd NAD @RI 8 (ATP. NMN R H# B
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UL YR ST B E IR JE 8RB  pH OF UK, LA B B BE B BE R R R L & LUE BT A B R
EREBRET AR, LR 02 80 S #8225 w3 X - Bt Ak Ko AR, MO {4 B0 2 % 680 B i — B ER
B iB (environmental stress) . {3 2 ) 8 1 PR 5 % 1F 1) B B 28 44 O TF 5 3 1 8 B2 17 69) BB 7 %o 2 400 9 A 47
EXEE, LR L ALRZUNNIRRD, BEREHED URRERETEKOEGERTHERLD.
PRIt » R 20 SR R I AR R AE PRI 38 AR S F . AR B0K U R JL R b 4 75 45 B 5 3 0 40 7 0 45 B B B
e 368 2% 40 BT A S B0 A 3 B 30 A2 2 B

i8 i 18 F038 iE 35 (OSMOTIC STRESS AND OSMOTIC REGULATION)

lllllllll L L L B L L I O N N N N N R N N N N E E E E R

R A RS R E X A A KBS XBMEER., EXRED, RSN EYEHES
75 T A X AR A 3% 3R e b SR BN de il AR 4 . %R £ 40 % . 8 # 9 (hypertonic o, hyperosmotic) % {42 &
AN B 5 i 51 A A B R 2 g TR 88 43 B ( plasmolysis) . 1 #8 &9 (hypotonic 5 hypoosmotic) % {4
W) 5 BOK S 1) AR SR BT T 5 R A0 M A A K BBBR IR B (plasmoptysis) , I H Al B8 76 B FR 2 h 8 B
FLIR (osmotic lysis) B 0f B b A2 AR BB . ol o 0 40 MBS ot K 4 2 1 o 78 328 00 R I 440 G P 9 7K 49 11 48 B SR
KT ERA TV MR A . BAMMREENRUEY RS F oA N 55 - 75 T 20 ob i %
J v B 3k e B Ay 4 AR P L AT B2 IR 64 7k 78 BE (water activity, A, ) .

A, =xr+(x+rc)
[ c= I [ 1Y 18 38 JE ¥ B (osmolality) s =B FF K K () BE SR #(55. 6) ]

40 L R, P9 AR B 7K 3G BE AR I R K 4 0 R P A B . A A0 R N T AR KRR 4L A
Ay A 440 B A B A 48 A (] e 0 P A B 1 4 0 B e . 30 Ry 4 T JER B G 4 4 D 4 A R 4
Jy B FE (turgor pressure B turgor) . JBHE i 40 MLSMEE A 3K S RAEEY . 98 3 T HL I 208 1 0 SR R I B
AR A IR A E M A RE W R A KR R E MR LA .

K 0938 3 i 3o 7 B K — R O P48 22 (0 FK 22 k7K i i 3] 8 (aquaporin ) (1) % 35 5 i 37 o A 1T S0 B
KA IE B AapZ i i 28 22 W RE G5 N4 18 1 i i 26 4R b T o F P 170 42 1K 43 76 9 4 O 18 b 89 4R ik
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SRR T A . R A SR A MUE 7E K A A T b T 4 0 RNA BT830, O 2 nl BB TR A7 78 Kt
SZ S £ I CRMDRNA B 5T AR RE 5 R 6T 78 ) 56 B S0 o 26 23 bk X 2 B P O )
ENEROE EAAE.

FAEFNAEEEBH(MYXOBACTERIAL DEVELOPMENTAL CYCL_E}

aaaaaaaaaaaaaaaaaaaaaaaa & 8 @ & 4 B & & P W 2 & % &£ 0 & 0 F &P HF B FREF RIS AN

B 40 B T T T T B4 — e g A G 2 U LA S, A R AR AT b A A AR e ) PR P A I B S U
- S R L e A T A AR BB R+ (1) T R AR A T BR X R R AT R AT 9 6 0L T AR
() B 7 F (myxospores), J5 # 41 B M A MR /2 M1 24 4 36 69 P9 R nT T A9 45 40 R 2 O F 34K (fruiting
bodies) ; (2)EAITAYFE L ¥E4T K AR (DO BT a4, XREAROESHETIEENHERERME
FR AR REANE., LHEHA SIS AT 0 40 -5 40 0 2 6 69 8 SR RS S e = LR
¥ A7 A Bl o 0 R B R LA TR S Sy . A G TR A N R 0 L A R R R R o H T B R AR A
(Myzococcus xanthus) W FFFT , BB T R0 P60 LAY . B TBRAE DS A M, AT B 40 I8 A 75 18
B98I T R BT

F54m | o 4 7& B 81 (Life Cycle of Myxobacteria)

G € B ER TR 09 2 1 B A s a0 P 19 -3, hn R A A R 6% A R ARRE L 12K R A9 A R R e AT A R A
53 24 1) 5 3% TR S AT Bk 4R T A T SRR Y 2 TR B A A

1
m -ﬁ| l,/l" A o
r::'-_—"_-' L - ~ 5
f T
= <M F7 1
\ N —— _
| | - o - T e ™ "“u"..— %,
|\ :ﬁ—'z;l|} = ™,
| '|I;_: "!:__:_,al I?Lll _.-1_ L I.z _ﬂ-/ [ r,‘::l l‘:“\\:.\}" - & £ _ \
| R Ir' gy Q V% iRk o '-f-r“',.ﬁ ™,
'. .l'I v "\-I = A
1
C:‘:::D': A
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- oo
o . % r D {:}
= 2 o~ @
= N 1 i %

B 19-3 HOREREMEFAR, BhNEAFEELfat, FERANERTERN TREMEREME
5~7 X0.7 A, (8l B.Modified from Dworkin,2000. In Y. V. Brun #1 L. J. Shimkets(eds. ),
Prokaryotic Development ,ASM Press. Washington,DC. )

BREMAEGHRIEEG®E. EARFRLRE P, SEE LS B IRMA A A4 K KMot o205
BELA % 3.5 h (AU AT, A REEFRMARRET  BAHERS - TEENEW Bl
MBS AN BE 2 R A B HRIE RS Al . BAlE AE N — B, B — 28R
L2 1 7K % B L (8 S A4 LUK 58 & b AN (5] 0 40 03 B 11 T L 1RY RN 52 A 1Y 28 W R SR LA B 4% ol 1 AT
B, BAMFEEMAEE~E XM ZHARPAE. Fi, W[ E 1169 i 5% 45 910 F (bdellovibrios)
R BRI MEMFE MO LEMEEsY . FLF  BNEB AR ETH
HRLEY L 10T B B X RREE D R e M M k" BB (FERBERRFR AN RS EEY) C S0 - T H
I3 AT AR Z IR BB (“wolf-pack effect”™), W & @EERE ML 2 20 % 5 00 910 B 2%
BE i .3 i 47 32 B[ 3 B (adventurous) iz Sh e # A—iEBh (A-motility) ], {Hif ¥ B 2 B E 45— it
Hi it 732 Bh[ 4t £t (social) iE Bh ok #F S—IE &N (S-motility) |, RT3 20 #IA b B i o 52 55 K e B A )R
TR FE e B L N KA A B A B IS B .
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A AT R PR SRR TR E R R, X AREESREEA - TER
B R E N, RS RS — A BRI B RS T - S R W A e A T B
B, R ARENRESAEETWE S FHAESRE MYy bR asmdR By 8
P AT RS BORTE N Ay . R A BB B ERIE AR B 6. B Y0 B § S R R
AT/ A7 2 R A 2 1 (L SC AT IR 0 ) LA LA T 40 A 7 B R SR R, A xR T
L E A RS S R U LR S A M A E R R - A MR SR 2 T SRR AR A0 A
FF 4 48 4, 1 i 0 BB 8 R o0 (aggregation centers) . A #RIF 2 , B 4 13 72 (aggregation) 2 H1 41 M ¥ 44 o
T ARz H B B AR (developmental autolysis) B R MIEM Mk £ XK BIEMHEEIN ZE. 7F
VT S B A4 B 1 T % OB R BT R S L 2 Ak R A P RS B L Bh A 1 BB AR T A AR HUAR B
G R A5 0 BT 52 B Y 4 9 40 M

3 fo 5k ay B ( Aggregation and Fruiting Body Formation)

BESE (Aggregation). {EAF{EL FR LM AM S EFENHEHL F . EFRANZREsI RO RELT
JAM M — . RE TR FA I EATE A TR EFREZNRN . FHMEET RPN EREE
FLAE — A BB 60 o B AR L MR AR RS B AN E £ B BE R R0 0 B ) R N AR S i S 2 TRl R S . A
BP9 (5 5 RN R K T rel A (B (p)ppGpp BLE T G, [ 20 81 0035 3R A 4 2 e & A 18 00 1 al
£l (R — PR al 2 b & Ik 5 0 A o fB0RE 5 | & ™% BN .

AP AHE T socE fllesgA BN BAATRREEGHALTREA TTEHERMEA . BN socE
B KPR, E AR E TP R R EERARA . N osgA BB 78— 1 17X
10" f—A~ 25>10" g A e R TheEmEF C-{F5 (W M) . BEE socE 1545 % 40 M b R KGR
AR TR I KAV M B b i F 32 ppGpp 3 & 7™ 5 0 8940 6 i1 72213 K e BE R {IE. 1E & socE %
PR 7 4 1 2 A R S B A R X ScoE A E I E A E T PR E RN B,

IR cosg A FE R 7E 85 R 4 g R e IK AR AR 25, T 2 22 7 Br B 00 o L8 3% 5 i 18 /& K29 5 . E# o
3% socE P40 6 FLE L 1% ppGpp I EAT B M bgA R[IEMH - HKEEES ——B-{F5 (L Fm)
B E AT . C— {5 SERA R T M b AR EEN (527 b w7 2 ok B RN, BB 04K a5 1k LLEOE R
WA E s s TR, BT R E R AiE T L SocE M1 CsgA 2 (8] #%) - filf 76 31F A & 7 0 o
PR EE M.

B THH T relA B/ ERMPERZ - ERPAWAREGES A-F5M~%. A-FofxR

MEME MR EABEMNN ™ EmERREMEZRY -FMESY. A-HFSHNTEHEE20W R =10 E
25 asgAlasg B A5 5 2MH) JasegB Ifﬂasgt HEASAIE) B-BS. EE45h A EE,
{H N H T bsgA M=, (2) C—ES X EH csgA BHBHIDA -1 17X 10° fl—4 25 X 10° (9%
F;(3) D58, 3R W% & AME 5 ’HH}J%HHWQEM?E%%%EW@?JWA HMH; (1) E-{&
SCEAAKEEN ZHISIRRF AT E esgA MlesgB BERM Y. MXERIMES(A-,B-,C-,D-H
E-fFo) Mot Rl R b —se{5 S/t AR EAMEMESEREE. Ml ESEEN O aKRE
B A ROAE R R B I I R L AR DR S B S 4 I 2 (R) | T HE AR B AR

0 B B A M 2 RO BT R AR B A R B RRAE AT £ (tibrils) (U 4N U R T P R a re e L £F 4 BT L ik B
50 KA R 2L LS ZEFHENBMAELT EHRA [ IFPs(Integral fibril proteins) J4f
B . ET 22 45 T 4 i ] B9 46 5 (cohesion) DL S5 E G EH A CHFIEEH ST AR EE, X2 28 it kh
KEFL M) dsp RBERBB SO F TSI AE M E AL 2= R SC . F5A =2, £F 22 90\ Ok 76 410 i (8]
{3 7 B A7 280 1% 38 O o 35 000 0 A V) ) L s 62 T TRLEE  ZhBE . X ARIhRETR M - B REETHLAEE
i RS AR B H BT AR LA A AR v A S B A . AP X R e DR A HEERME R 524
KB ADP - B RAL 6 1 .

BT {0 R BR T T 05 T OUE [ 4R 3 1 A RS SR SR HH R 4 R 3R A RN L O )X i AT s (i S—aE 3l
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APHIEFFEIPEARIAFAMFREMADRERFRANFREDFHFARTNS FEH
i, A — LA RESE R THERB RS A EFT AN TR AN L EFRFIPHNATHELFHN
2FERRLFXRAREEFERARLETE.
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