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Mis
2-k

phosphoenol pyruvate + enzyme I F P 'L enzyme I + pyruvate (3-l)

P Q enzyme I + HPr e P Q HPr + enzyme I (3-Z)

P % HPr + factor III y P 2, factor III + HPr (3-3)

P% factor III + sugar Enzyme IIl sugar rl,  P + factor III (3-4)
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\/ATP , E3
c E2

cell membrane

X

intracellular space
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CH3
I

- 0 - P - O - + A D P + H + ‘ C = O +ATP

I -
(3-6)

coo- o- coo

phosphoenolpyruvate pyruvate
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H2 (reducing agent) - 2 e -- - 2 H+ (oxidation)

2 Fe +++(  oxidizing agent) + 2 e-e 2 Fe*(reduction)

H2 (reducing agent) - 2 e -- - 2 H+ (oxidation)

2 Fe +++(  oxidizing agent) + 2 e-e 2 Fe*(reduction)

H2 + 2 Fe* mH2 + 2 Fe* m 2 H+ + 2 Fe*2 H' + 2 Fe*

ethyl alcohol acetaldehyde

NAD+ + 2 H+ + 2 e- _f NADH + H+ (3-W

nicotinamide reduced nicotinamide

adenine dinucleotide adenine dinucleotide

A G  =  A H - T A S (3-9)



AGO = -RT 1nK
eq

(3-10)

aA + bB _ CC + dD (3-11)

AG = AGO + RT In "" CD3d
[Ala [Bib

(3-12)
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COOHCHCHCOOH + H2 e COOHCH2CH2COOH (3-13)

4H2  + co* 7 CH4 + 2H20 (3-14)

4H2 + 2co2 e CH3COOH  + 2H20 (3-15)

6H2 + 2NO; c N.2 + 6~~0 (3-17)
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1 . 5 eanS  beun’7mYiG rhdC%t  t&m-sau mut!u  Mic~~coccus

denitrificans  ua:: Hydxogenomonas eutrophus  wawa\sd~nSPu~l&hue::  AGO/

thiu - 5 6 . 7  n’laniaos”  n’aaunisnd 3-16
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1 4 3
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Alafliaoi  ?i*aruni-ind  3 - 2 5

H2S + 2NO;  + H2 w SO;-+ N2 + 2H20 (3-25)

H2S + 202 B SO;-+ H2 (3-26)



-0.6’ ycceptor
ferredorln

-0-l

i I

/
(NnDoI

l\

\
-02 -

o -

;

3
.o 2 -

1 .04  -

+06 I

- ANOXYGENIC  WOTOSYSTEM 1

-
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1 4 9

photosystems I end  21

Phosphoenol-
ovruvole

A

\
1.3-diphospho-
olvceric  acid

phosphale  -~
-

polysoccharide
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6&2 + 18ATP + ~~(NADPH  + H+) + fructose&-phosphate

+ 18ADP  + 18 Pi

+12 NADP
+

(3-S)

CH2 - 0
I

- H2P03

CO
I

CH2 - 0
I

- H2P03

HCOH
I

+ CO2 -------)2HCOH
I

HCOH COOH
I

CH2 - 0 - H2P03
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1, 3-~~~aaIvMit~at5m  (1, 3-diphosphoglycerate) rJfin<s&tiiro'ul&  s-usuIunS-

taotsnb~tua  (3-phosphoglycerate  kinase) t&a%'?t&

CH2 - 0
I

- H2P03 CH2 - 0 - H2P03
I

CHOH + ATP - CHOH + ADP
I I
COOH CO - 0 - H2P03

a-deaIrlnl  t0a  t-m i , 3-IdaaIvinB  tda  t-m

rl&-Sud  3 NADPH + H+ ergnuiu-t~<tdatrlduu I, 3-1mdaa~vhZtaat%i

rrlt5una'tdesla~~ildF;-a-vlnatr/(9  (glyceraldehyde-3-phosphate) ~RuGL&~&~RS-

ToauaatrisAlaTasStua  (triose phosphate dehydrogenase) &Ay?t;~  mhi\llln~~

nG taamaZla~-3-~aa  tdfltt& 8~  tfiati$foind  4  l a  tSu@+11~a4~  tua1-i  t0&

(isomerization)  szmhml  t0wiaZlsA-3-vIaa  t1(AjiU1A1aR4ansa=BTflu~aa  trla

(dihydroxyacetone phosphate) Tflo~t;u~~;daaT~1R~Taa~s~~tuat~a  (phospho-

triose isomerase) t5uK'7t&

CH2 - 0 - H2P03
I

CH2 - 0 - H2P03

CHOH + NADPH + H+-+ CHOlI + NADP+

I I
+ H3P04

co - 0 - H2P03 CHO

i , s-IeidaaTvhS  t0a  t-61 nl  t0as-baKlaA-a-daa  tdfl

r2 - O - H2P03 CH2 - 0
I

- H2P03

CHOH C=O
I -1

CHO CH20H

nC  tsamaiSl&-s-daa  tvia 16ilswiandaA~mdr4aa  trim
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CH2 - 0 - H2P03 CH2 - 0 - H2P03

i:=o
I
CH2OH

1mlamsafdoSTmu~aa  ~rla

CHO

i:=o
I

HOCH
I

HCOH
I

HCOH
I
CHOH

I
CH2 - 0 - H2P03

:H2 - 0 - H2P03

CH2 - 0 - H2P03 CH20H
I

c = o c = o
I I

HOCH + H20 - HOCH
I I

+ H3P04

HCOH HCQH

I I
HCOH HCOH

I
H2 - 0 - H2P03 CH2

- 0 - H2P03



-a-dmatdm  (erythrose-4-phosphate)  LLazItiglaa-s-doa~dm Orylulose-5-

phosphate) ~url$15ed  7

CH20H CHO
I I
c = o CHO HCOH

I I - I
HOCH + HCOH HCOH

I I I
HCOH

I
CH2 - 0 - H2P03 CH2 - 0 - H2P03

HCOH
I r
CH2 - 0 - H2P03 nP ten7aKlefl-3-rlaa  rrlm t:Kasa-44oa  tI(m

vtqf3lma-6-daa  rrlm +

CH20H

c = o
I

HOCH

I
CH2 - 0 - H*P03

IdgKsa-s-ha  brim



CHO
I

CH2 - 0 - H2P03

+
I

CU2 - 0 - H2P03

HCOH c = o c = o

I I I
HCOH CH20H HOCH

I
lR-laRwido=3fRu

I
CH2 - 0 - H2P03 HCOH

I
Hma-s-ha Lhl rloa LrlR HCOH

I
CH2 -0 - H2P03

3fa  t&uKaa-i  , 7-Iflha tdsl

aI2 - 0
I

- H2POJ

i:=o
I

HOCH
I

HCOH
I

+ Hz0 -

HCOH
I

HCOH
I
CH2 -0 - HZP03

BKR ,BrqKaa  - 1 ,  7-Idea  ttis

CH20H
Ic=o
I

HOCH
I

+ H3P04

I
HCOH

I
HCOH

I
CH2 - 0 - H2P03
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CH20H

c = o
I

HOCH
I

HCOH +
I

HCOH
I

CH2 - 0 - H2P03

CHO'
I

HCOH

CHO
I

- HCOH
I

HCOH HCOH
I I
CH2 - 0 - H2P03 CH2 - 0 - H2POs

.
ntLan~iaClaa-3-~oaL~m  Is~~a-5-~aa~~n

+

CH20H

c = o
I

HOCH
I

HCOH
I
CH2 - 0 - H2P03

laglaa-s-tina  rtisl

aJ@Gd i i  uaz  12 LJulranruldni~n~;l-l7tla-5-rloa  wh uad%glaa-s-

~sa~I(~t~d~uI~~~u~~~1aa-s-~aat~~  tiibulose-5-phosphate)  'I~urlrn'u'l&doa-

~dI~ba7oldruot~a  (phosphoribose isomerase) ua=laa7~~7~l~u7~atQ~~~L~a

(phosphoketopentose epimerase) &3i~i&~waiiiU
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CH20H

I
c = o

I
HCOH

I
HCOH

I
CH2 - 0 - H2P03

I
CH2 - 0 - H2P03

CH20H
I
c=o
I

HOCH
I

HCOH

I
CH2 - 0 - H2P03

-lrQIaEd-54oa  rvlla

CH20H

I
c = o

HCOH
I

HiOH
I

CH2 - 0 - H2P03



HCHO f ‘02  \A C H  N H  CC#OH
2 2

formaldehyde glycine

N5, 10 methylene _

t e t r a h y d r o f o l a t e

/CO2

cell+COOHCH2COCOOH  eCH2COP03COOHt-  CH20HCHNH2COOH

c o n s t i t u e n t s  o x a l o a c e t a t e phosphoenol pyruvate s e r i n e



158



159



160

COOH COOH
I

COOH COOH
I I I

CH2 CH2 CH2

CH2 + c = o
I I

transaminase HA!,NH2  +
CH2

>

j.,,

H2N-CH
I

COOH COOH c = o
I I
COOH oxaloacetate aspartate COOH

glutamate a-ketoglutarate
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i Ii
H

2H2N - C - CH2 - SH d
I

I
H2N - C - CH2

I
- S - S - Cl-l2  - C - NH2

COOH COOH COOH

cysteine cystine
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NAD+(nicotinamide  adenine nana LA&

dinucletide) uaz  NADP+(nicotinamide

adenine dinucleotide phosphate)

FAD (flavin adenine dinucleotide) oilnil  tmdu

ua::  FMN (flavin mononucleotide)

%w&an3taa (cocarboxylase) K' -wwwt73uauaa~52

tta3t-m  tom$&onBa

(carboxyl group)

eon

Rfmonilu

nmutnula win

PAJ4P tumiuo5iilumwnm

(pyridoxal phosphate) OtSlKU

CoA KwlFJhn\ior~a

(coenzyme A) Cacyl group)
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pyrimidine thiawle
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