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Actual ratio

Free energy change (AG) =591o
Klojoutes (G mse A O B B quilibrium ratio

0.00125
250 000

- 49.0 Kilojoules (KJ) / mole
- 13000 calories / mole
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Glucose + ATP <«——>Glucose-6-phosphate + ADP K = 1600
AG® -59Ilog K

= - 59 log 1600
= - 189 KJ / mol = -4400 calories / mole

Pyrovate + ATP<«——> Phospopyrovate + ADP K = 0.00016
AG® = -359log K

= - 5.9 log 0.00016

= +224 KJ / mol = +( 5400 calories / mole)

Glucose-6-phosphate +—> [ractose-6-phosphate K = 0.045
AG® = -59log K
= - 5.9 log 0.045

= T 25 K]/ mol = (+500 calories / mole)

Sucrose + H;0 €«=—*  Glucose + Fructose K = 10000
AG" = -591log K
= - 59 log 10000

= - 23.6 KI / mol = (- 5500 calories / mole)
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Glucose + ATP *=——— Glucose-6-phosphate + ADP
AG’ = - 184KJ/mole

Glucose-6-phosphate +=——, Glucose-1 -phosphate
AG® = +6.7KJ/mole

Glucose-1-phosphate + UTP—==5 UDP-Glucose + PP;
AG® =0KlJ/mole

PP; +H,0 =— 2P,
AG® = - 314 KJ/mole

UDP-Glucose + (Glucose), <+——5(Glucose)y-; + UDP
AG® = - 16.7 KJ/mole

Glucose + (Glucose), + ATPHUTP+H,Q0+— (Glucose)ys1+ ADP+UDP+2P;
AG® = -184+467+0-314-167 = -59.8 KJ/mole
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Metaphosphatases<s jiu il 4 5 <l jli il pe a0a AT
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Slad l@ad #&s  diphosphoestrase ki il P L R P I
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G5 mi 3 Ll &y g ¢ Polyphosphoestrase <itiu sill yac BRI
s laall 3 5 ga sall Adenosine Triphosohatase (ATPase) b
CATP D Jia e Jasy
Other hydrolytic enzymes 5 Y el Jadatill il 33 mny LTI
Odisy oW men W oia WY Jlay 3 Argenase s ) sl ()

Losll ou S 5,50 o3 Ll
Argenase
Argenine »  Ornithine + Urea
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138 das s (pH 10) 25 a0 Ja sl 8 w3331 108 Jany
o 4l 4 Lysine Ouedl ) Gmaall Ly a2 Y1
- Ot )Y paan Uad gy Ll dlee Gl LS (S il

ey s S0 e 6 o) s s Urease sl w3 (Y

Urease
L sal + (528 aal slie sle v Lga
aali hall a1 el Joay g8 Glutaminase Saipalislall oy 53} (¥
C Oalighall )
Glutaminase
Glutamic acid +NHz + H,0 —  Glutamine
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Adding Enzymes or Lyases
o A Gl e Blesarnd) ganl 58 S Gl B Clloy ) a
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e ( HLO) slode sana 58 J G oy 3 (1
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COOH COOH COOH

CH, CH, CH,
HO-C-COOH + H,0 , C-COOH + H-.O . CHCOOH

CH, CH — CHOH

COOH COOH COOH
Citric acid Acontic acid Isocitric acid

Ay pulal s s =Y a3 ol Siny  Brolase S5l o5 (¥
phosphopyrovic acid ¢ld g e clingd M 2-phosphoglyceric acid

CH,OH CH,

CHOP > cop +H,0
COOH COOH

2-phosphogtlyceric acid phosphopyrovic acid

. Malic acid L-ﬂ_.ﬂl-alll (e (9'\5" Fumaric acid éhﬂ_)l.a _9_.;9.“ Uvan d | § (’T"
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COCH COOH

CH —_— CH,

CH — CHOH +H,0
COOH COOH

Fumaric acid Malic acid

| Methylglyoxal JS sls i S ja Js>: Glyoxalase 5abus sl NI
ol sl A paan B WYY pd g i3 shy. Lacticacid s N
Lt bl e o6 @R Ay 5 O slal S e Jolil 1 oty

» Oftuuall 5 Shaallghall g adal
CHs CH,
C=0 +H,0 CHOH
COH - COOH
Methyglyoxal Lactic acid

& Ol (e Hh0 A gana g 35 8 2eluy 251 58 5 Serine deaminase (e
P YK (e de pana g 3 Llee
CH,OH <+ H,0 CH, CH; CH;
CH-NH; +«— C-NH, —— C_NH + H,O C=0 +NIi;
COOH — COOH *— (COOH —* (COOH
Serine
Hleias (C 02) s el e s 58 G a3y (11
il cBlels 8 (C 0 ) e sene culti cliee o Glay iy o3 aelud
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R - CH -NH; =COOH R-CH;-NH, + CO,
G G gy Carboxylase s s S ebag i <ibay 391 038 ansiy
-\::i) Thiamine pyrophosphate (TPP) (e 3 le s Co-carboxylase a3
( B1 opelish i
bl s AL ) any B an g o3 Carboxylase s 53 S e ()
Paadlisd Y alsgs iyl G e (C 05) o pene g3 e el s

CH; Carboxylase CH;
C=0 — COH + HyO
COCH

Pyrovic acid Aceyaldhyde
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Aoy Sy o3 Malic decarboxylase @llall jmas IS 53 5S35 (Y
G dxiag Sy LS Decarboxylases Db s DSl ey 3 awd s

o Odiabenl s jiay 45y Dehydrogenases Jain 5 jugall cily 3i) pud
COOH CH,

CH, NADP C=0 + CO, + NADPH,
CHOH ) COOH

COOH h

Malic acid Pyrovic acid

el 5 “Oxaloacetic decarboxylase <l S 1 (e oo o 80 a3 (¥
oo ol (el s e Y Al S men Jiond o dob o i

COOH CH;

CH2 + CO 2 C=O

C=0 COOH
COOH “

Oxaloacetic acid Pyrovic acid

CJelilh s e sola (VILH) oyl of Ul
*Oxalosaccinic decarboxylase linSu gl W (e s 5 Kao a3 (‘“

o Jga A man Y S S 1 e (s

COOH COCH

CH, +CO , CH,

COOH * CH,

C=0 * C=0

COOH COCH
Oxaloacetic acid a-Ketoglutaric acid

SEked) ps die 1 NH,  Gisd desens g 38 ot eilyly (I
Aspartic acid @l LYl s oo Lisa¥) ie gane g i s Aspartase
Fumaric acid b jla gl aesd a4l gnyg

COCH COOH

CH, CH

CH-NH; CH + NH;
COCH COCH

e doay M Aldolase 5ot a3 e : oAl diln) il (IV

: ¥ Fractose 1-6 phospate
Fractose 1-6 phospate <+ Glyceryl aldchyd phosphate + Diphospho acetone hydroxide
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sSila — Gldush = o n) Ao pendl sla 5% a8 . AT e ) G
G e vl g g sl Qe — Jus S o
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VIS ) S5l %8 5 0 anl
A-R +Enzyme 2 A + Enzyme-R
Enzyme-R + B 2 Enzyme+B-R

Gl S ai g AN Sl (o Lomae 0 e ganall o 53 g ge 48l o
A-R +B + Enzyme 2 A~ R - B-Enzyme 2 A .. BR - Enzyme 2 A+B-R+ Enzyme

o Lad 55 A Jl a3 e i S Cla Y el g L. 1
a3 e 550 el 0058 Ty AT G e Y 0 50 (g0 e sane 5 DIl
- Enzymes of dual activity 7 s jall Jaliil cld cilay 331 enid g ol

JsY sas 3! Monophosphatases g9 o Sl 3l Al gald Ll juiae (&S O g

Ly Aygumall i gl (30 Aiise 1 g8 Jat 16Ky . ALY Il il 33 30 Lo Al g
DA el 3 e AEM ey ) g de sena Ji So i i gl 5 el

1) Methanol + Nitrophenyl phosphate 2 Methyl phosphate + Netrophenol

2) Glucose -1-phosphote + Glucose -1-phosphote 2 Glucose -1,6-phosphote +
Glucose
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¢ Transphospherylation il ¢dll ds gaacad ABLUY il ()
8 e AT G @€ a liag degene JiE o cilag 3V oda selu
Phosphokinases 55,8 sbu sill ciley 33 yiieis . Aoy f 4lle culsl o) 4 250N
aal e et s 5 ueally b gally Aalall Aol FYERE R o [ R
OSar 5 a5 5K @l ya N ATP H e il il o goaa Ji o 404Y)
Pl Lag lpails
¢ Creatin phosphokinase — § Lohman p il .
Creatin + ATP 2 Creatinphosphate + ADP
: Argenin phosphokinase —J1 gf i i g il gl .
Argenin +ATP 2 Argeninephosphate + ADP
+ Hexokinase 3 5 jui€ sulell o331 @
Glucose +ATP < Glucose -6- phosohate + ADP
Fructose +ATP 2 Fructose -6- phosohate + ADP
2
2

Mannose + ATP Mannose -6- phosohate + ADP
Glucosamine + ATP Glucosamine -6- phosohate + ADP
: Gluconokinase —J of i€ 43 oKIal ad e
Gluconic acid +ATP 2 Gluconic -6- phosohate + ADP
¢ Fructokinase -~ s s gt i) a3l e
Fructose +ATP € Fructose -1- phosohate + ADP
: Ribokinase —W i 54 gm M ml e
Ribose + ATP 2 Ribose -5- phosohate + ADP
Desoxyribose +ATP 2 Desoxyribose -5- phosohate + ADP

: Glactokinase —V g 31€ g a3l e
Galactose + ATP ?  Glactose -1- phosohate + ADP
: 6 - Phosphofractokinase —II f S S8 Pgiu g N a3l e
Fructose - 6 - phosphate + ATP 2 Fructose -1,6- phosohate + ADP
1-Phosphofractokinase —V sl 3.i gi<I 8 gis 48 ) NECI
Fructose- 1 - phosphate + ATP 2 Fructose -1,6- phosohate + ADP
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: 6 - Phosphoglucokinase -1 i 33 o gla g ST e
Glucose - 6 - phosphate + ATP 2 Glucose -1,6- phosohate + ADP
Glyceric Acid Phosphokinase —3 i 5u @b juls g gb pidil o
Diphosphoglyceric acid +ATP 2 Triphosphoglyceric acid + ADP
t Pyrovic Phosphokinase —3V 5 331 shu sd @l gy PUR I
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: Flavokinase —J0 4 a4 m e
Riboflavin € Riboflavin phosphate

: Mukinase —3 sl 308 sa a3l o

ADP 2 AMP
ADP + ADP 2 ATP + AMP
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ATP + GDP 2 GIP + ADP
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oally B Aee (3 0 (o) i sl de sanad 058 o 50 AT
e i) Sla il ol ety . liagll 5o 5 AT Lo pene s JEy (o3
dopand) 5 a8y . AQEN J sanel iy Kl ) 5 3 A3 Sccharases Sl
O3 Glycosidic or Fractosidic Radical 4w si8) 4 e gena ¢ dayu Sila 414500
Do Lo — LB ol 8 lgading pm gl  coilay ) o3 AR
JSs i Al g Transfructosylation g ¢i€) il de gandl Jis (\
a1 Ll Y 58 gl de sane of s JaaD g . Yeast saccharase 5 eall

———
Sucrose - Succrose «——  Fructosyl sycrose + glucose

S S



Yio

ash 3 Aspergillus saccharase ooatia oY a5 58 a3 (Y
Al Ol se o dans o oSay 4l s Gl p Y BLk el
104 YA S e Al ey S f oAl el K e 5 8l 2

LSy el A ) 8 Lad 3 V0 Sag - Al ] 406N
L’,_;fk’\STransgly(;oSylation S s Ao gana J8 o doluy (53 Sl aad (¥
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L 4 did a iyl Lo dlug Glad€ aadiul Starter (sabS deny
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Ribose or Desoxyribose -+ ATP —  Ribose - 1 - phosphate
Ribose - 1 - phosphate + Adenine —  Adenine - Ribose - 1 - phosphate

Lo (1o g o1 Gk oo peadl lpan e DlawmglS ol &8 o} (e
Y lia g Ao gana 3 sx transglycosylation
Adenine N.desoxyriboside + Hypoxanthine 2 Hypoxanthine N.deoxyriboside + Adenine
: Transfer of peptid link 4dsadinl) ddad) M ABUY by 31 (€

Ll 0585 grlind . Lims oy 3 (Y — Sl Gany 0083 4 o850

a3l N Se Benzoylglycine (hippuric acid) 3 (aes (s 3 (S doaial)




YEA

Ayl pmes dad) Adee B ol of 40 clilpall 38 3 sap pals
s ATP I 3say A Glycine Gpuladl ‘;a.ya‘}’\ uaeall 3 Benzoic acid
Pk LS el Al 8 CoA i iY!
1) Benzoic acid + ATP —> Adenylbenzoate + pyrophosphate P -P

2) Adenylbenzoate + CoA —> Benzoil CoAHS + AMP
3) Benzoil CoAHS + Glycine —> Benzoilglycine (hippuric acid) + CoA

o138 Al gy @l slall mela sl o 5 jle sa s cpalislall S5 S,
Umea ge Wipe¥l dad o sobuy Llesd dad¥l 3 apase ala

P ST ATP W asn g A el glal
Glutamic acid + Ammonia + ATP 2  glutamine + ADP

COOH C=0NH,
CIH, CH,
CH, +NH; + ATP * CH, + ADP +H,0
CHNH, CHNH,
COOH COOH
Glutamic acid Glutamine

: Transpeptidation il 4o gaaal ABLY Silay 3} (o
Ay b5 Glutatione (5l slall (€ jo aia sy Llee 2l Ao gene JB i i)
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138 oyiadiy Gfidad j lgaans ge Adasi  (Glu - Cys - Gly) | jbuatis] 438 5

HOOC—C—CHy—CH,—COl—NH—0—CO}—NH—CH,—COOH
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o Oslishal (et s ga Als G bee Ll paleal DDA Launy 138
bt el 3 )l all ds jo Ao adsiall Intercellular peptidase a3 255
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(f.;.a\}'l uaasll (&4 Pyrovic acid (Jasl (el ol Oxaloacetic acid
OusSS e i A e Alanine ey (é_‘gfz’l uaeall §f Aspartic acid  <hii_jld
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Glutamic- Oxaloacetic Transaminase(GOT) i ;L u.g.&'l Uaanl o &3
(GOT)

Glutamic + Oxaloacetic Aspartic acid + o~ Ketoglutaric acid

pacall M dulidall jaes e oud) dogene JE isy @l a3yl W
Glutamic- Pyrovic Transaminase(GPT) (s ¢hid gyl 3 gLl

(GPT)
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""" COOH ?OOH
2 Yt CH2
COOH + | 2 COOH
coO HCNH,
CH, | | CH,
cooH COOH |
CH, Oxalacetic Aspartic CH,
| acid acid + |
HCNH, IOO
CO0OH CH,; CH; cooH
Glutamic W | a-Ketoglutaric
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COOH CO0H
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S bl el aie 2Kl cBlly paddn 4 dals dpal ale Y L3,
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JluS gt Clingd € 3o e 5 ke Prosthetic group Alxd do gana o
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C O Al pmen e lgia 0S Jasd 0335 YY) ga Transaminases

- : Transamidation (wisel & gaaad ALY ey sY) (Y

Yl de pana JB s Legle ZBNYI (e

NH,
C=NH

Glycine (jmalall Lb.\,;a‘ﬁ\ uaaalt JArgenine (uis ¥ s (neall e

NH, NH, NH, NH,
C=NH CH2 (CH2)3 C=NH
NH + COOH —80 4 CH-NH; + NH
(CHy); COOH CH;
CH-NH, COOH
COQH Transamidation

Argenine + Glycine Ornithin  +  Guanido-acetic acid
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2255 - A slenll Ol (8 dip pxe (CH3) bl 4o sene JU Sl
oS Jis Methyl donator Jiiuall de seme (sl b LS jall (e S
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Transmethylation ( - CHz) fiom

Choline or methionine
Glycocyamine » Creatine
NH2 N NHZ
C=NH i C=NH
H.N.CH;. COOH CH; .N.CH;. COOH

: Transthiolation (SH) (b i silud) Ao gaaved ALY il 3N (4
) e o il degene i o a0ld ) Cla ) Gy an s
DAY @dlel@l 3 manse 8 WS Derine nypadl oS ye N Homocystein

CH,

s' SH HOCH., S CH,  HSCH,
(I}H.2 - (|3H2 + H(lsz ~ CH, I—I(I3N}Ig -+ HCNH,
cl:H2 (])1-12 (’JOOH (|JH2 lCOOH éOOH
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<|300H (IJOOH : (IJOOI-I

Methionine Homo- Serine Cystathionine Cysteine
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a3 o5 cystothionine —J ¢y Laaaal olay 3 cidlo il oda PR
& cystothionine W Jdadl AW 1A oS 3 aa g cystothionase
(2 AS Pirodoxal phosphate Jaxss Homoserine (pyiwsass 5 Cysteine o
C O YYD Co-enzyme g3
: Transacetylation i) As gaanad ABUY cilay 3N (Ve
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S e Jio psaldl A dy jall ol gall e €T detoxication dpew (pa aliil
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Acetyl Co-enzyme A -+ Choline

Acetylcholine + Co-enzyme A

: Transketolation (3 ¢S de ganal ALY il Py (\ \

CuaSugar phosphate Sudl lin g e cpf e o Jolil o8 Gasy
- AT Y Laaal e (- CO - CHy - OH ) i sl Ao ganall U Legiy aaa,y
Pentose sugar phosphate ouled ;S Gllusd e ol On Jelii D (Sad
Heptosephosphate (;olus S il g8y Triosphosphate SN jSuw cliu g Jand
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G + G T, G

w3l Ao sane (5N Ao gane 0 oo Gl (S b Ladg
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2Cs 2Cy 26y 2C,—+20, |
trans .
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H—(E—HGOOH
- H

Gmenmrean £



Yay

2. Alanine, C;H;0.N (a-aminopropionic acid)
N,

|
CHy G ~COOH

|
o

3. Serine, C;H;0,;N(B-hydroxy-a-aminopropionic acid or g-hydroxy-
alanine)

NH:

]
HQO--CH--C—COOH

l
H
4. Threonine, C,H();N {e-amino-g-hydroxy-n-hutyric acid)
o
CHs—(Ij—C—COOH
OH H
5. Yaline, CiH1,0:N (a-aminoisovaleric acid or 8,8-dimethylalanine)

CH, N1,
AN

e
CH,

6. Leucine, C¢H30,N. (e-aminoisocaproie acid or g-isopropylalanine)
CH, NH,
N |
CH-—CH,—C—CO0OH
s |
CH;

7. Isoleucine, CsHmogN (B-methyl-zaminovalerie acid or S-methyl-
B-ethylalanine)

|
CH—(|3—COOH

CH;—CH. - 1\]TH2
CH—(I-J—COOH .
CH; H
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8. Phenylalanme CoH 105N (8-phenyl-o-
phenylalanine) » GoH110:N (B-phenyl-a-aminopropicnic acid or g-

NH,

i l‘ . : l
| @CHz—cl:mcoon

L

9, Tyrosine, G._;Han"\'r (.B-parahydroxyphenyl—a—ammoproplonm acld
or g-parahydroxyphenylalanine) . .

NH,

|
HO@CHz——(lJ——COOH

H

Jaili g ¢ Sulfur-containing Amino Acid <u S A A ) L) (alaalt) (v

10. Cysteine, C;H,0.N8 '(,('Mhidl—“d;aminop1'0;§i6iiic acid)
NH:
HS—CHzf(I}—COOH _
I 1

11. Cystine,? CgH,;,0,N:8; (di-(8-thiol-a-aminopropionic acid))
i
8—CH»—C—C0O0OH

"
NH.
—CH-r#lC—--COOH
i
12. Methionine, CsH1O:NS (y-methylthiol-a-amino-n-butyrie acid)
NH.
CH3——S~*CH2——CH2H(13—COOH

H
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13- Tryptophan, C,H;0:N, (8-3-indole-e-aminopropionic acid or

B-indolealanine)
b
JM?{'}——OHz—C——COOH
CH H

~14. Proline, C;H:0.N (pyrrolidine-2-carboxylic acid)
e
CH, CH—COOH

NH |

15. Hydroxyproline, C:H,O;N (oxyproline or 4-hydroxypyrrolidine-
2-carboxylic acid) ‘

HO“‘_‘CIH——C‘:HQ
CH, CH—COOH

NH
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~ 16, Aspartic acid, C:H,0,N {a-aminosuccinic acid)
COOH
H—G-NE,

|
COOH
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17. Glutamic acid, C;H,0,N (a-aminoglutaric acid)
COOH
CH,
b,
H—C—NH,

|
COOH

L8l i) Galeal) @ Lol
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Bz o gl Sl Jidath i 58 (e Lmn 55y Jeliil) Apae i alaal g
Proline and cystine alaa] i 5 (S 3) Phosphotungestic acid —J (e

Pty (Al iy

18. Histidine, CyHy0:N; (B-imidazole-e-aminopropionic acid or g-
imidazolealanine) '

1
CH=(IJ—CH2—(|3—COOH
NH N
: AV
. CH

19, Arginine, C;H;,0.N, (3-guanidino-e-aminovaleric acid)

1\11}12
NHz—c”J—NH—CHz—CH2—CH2—(E—000}1
NH H

20. Lysine, C;H,,0,N; (a-e-diaminocaproic aeid)

T ‘
NHy—CH,—CHy—CH,—CH,—C—COOH |
I |

21. Hydroxylysine, CsH 403N (a-e-diamino-3-hydroxycaproic acid). 1
NH,

NH,- CHs—GH—CHy—CHy—U— OO ‘ |

OH ko l
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22, Gitrulline, C;H;;0;N; (§-carbamino-a-aminovalerie acid)

S
NHg——ﬁ—NH—CHz———GHg——CHg——C—COOH

o H
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NH, 7 -
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|
HO@CHg—(lJ—COOH
¥

H

Diiodotyrosine

NH,

| HO@C@OI—E—?—COOH
Y i

H

Thyroxine
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NH,—CIH—COOH . HNH—(l:H—COOH ! NH,—CH—CO-—NH—CH—COOH
‘ o 1
H CH, ‘ ,.*| CH; +H,0

L, gﬁlyanicii_ alanine - - glycylalanine

Alanylglycine (ada Jayit |

NH,—CH—COOH HNH—L{H—-—COOH

|. + ) ) NH—CH—CO—NH—CH—COOH

CH ‘ '
" CH, H +H,0

glvcine

alanine alanylglycine

4o ganedic o (et Ao gane die U @y 3ay Glycylalanine 0¥ Juadad) Joldsy a8
Glycylalanylglycine smeds UV Guada L ¢ sS8 cpmadadl e AT 20 o Son 0 S

&H;;C'H_'CO;NH'_?Q_CO&%J;'HNHﬁc’H;cdoH N
|
CH, H
glycylalanine glycine
— N H,TCH—CO—NH—CH—CO—N H—CH—COOH
|

H CH,
glyeylalanylglycine

&YS Glycylglycylalanine oYl Jaeda Jpads

' Hzﬁ—cﬁ—'ccsoﬂlHNH—ﬁﬁ;cé;n—i}i;CH—'bbéﬁ -
L H CH,
glycylalanine
—+ H;N—CH—CO—NH—CH—CO—NH—CH—COOH
RN

glycine

7 “ H . CH,
- glycylglycylalanine
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