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Chemical characteristics of the living matter  

Biochemistry
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PHSORENSON
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Chemistry of carbohydrates   

Cn(H2O)n

(C5H10O4) Deoxyribose

3:1

3 

99 

1 K
+
 , Na

+

Involuntary 

Dehydration 

1  

4  

5  

Detoxifying agent
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Cerebrosides

Sphingosine galactolipids

 Mucoproteins  

Mucus

Anticoagulant

Fiber 

B

21

211Monosaccharides

(CnH2nOn)

Ose

 (Triose)  

 (Tetrose)  

 (Pentose)  

 (Hexose)   

 (Heptose)  

 (Octose)    

Aldose
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Ketose

AldohexoseKetohexose

212Oligosaccharides

Oligo 

139

Disaccharides

213Polysaccharides

Homosaccharides

HeterosaccharidesD

DL

[C6H10 o5]n     
→    

n C12H22O11 
    
→    

2nC6H12O6 

Starch 

(Polysaccharide) 

 Maltose 

(disaccharide) 

 Glucose  

(Monosaccharide)  
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22Isomerism

Stereochemistry

221Structural isomerism

3 

1 

n

                       

1

                                         

CH3-CH2-CH2-CH2-CH2-CH3                  CH3-CH-CH2-CH2-CH2-CH3 

CH3 

1

(C6H14)(C6H14)

CH3    CH    CH3 CH3    CH2    CH2    CH3 

OH 

(n-Propanol) (Isopropanol)

CH3    CH2    OH CH3    O    CH3 
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222 Stereoisomerism

Stereoisomers

 

 Geometrical isomerism

Maleic AcidFumaric Acid

319

187

Optical isomerism

Optical activity

(Ca CO3)

Dextrorotatory
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Levorotatory

Polarimeter

[α]

[ ]   
 

     
 

α

L

c/ . ميللتر

t°15

 D=5893
o
A
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Tetrahedron

Emil Fisher

13

21

Enantiomer

EnantiomerRacemic mixture

Levo-tartaricDextro-tartaric
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Meso(Meso)

23

21

39915

33.983793.76347

33.983793.76347

3493.67319

91953.6915

Vant Hoff

2
n

n

EnantiomerD-GlucoseL-

Glucose
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Enantiomer

DeasterioisomersD-Glucose

D-TaloseDeasterioisomer

Epimer

D-GlucoseD-Mannose

223

(D)

(L)

Adiasterioisomer 

And also an Epimer
AdiasterioisomerIts Enantiomer
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(D)

(L)DL

D (-) ErythroseL(+) Erythrose

23

Kiliani

HCN

231

D-glyceraldehyde

 

D

DLL-Erythrose

L-GlyceraldehydeL-Threose

(Aldoses)DD-Glyceraldehyde

L

L

232

Dihydroxyacetone

DL
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L
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24

3 

(Schiff's Fuchsine)

1 
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α-D-Glucose

331.1β-D-Glucose38.7

51.7

1 

acetal

D-Glucose

α-D-methylglucoside–

glucosidaseα لوكوز من النوع جسيء غαβ-D-Methylglucoside

β-glucosidase β-Glucose

Tollens

D

5

35

OCH3 

R – CHO + 2CH3 OH                     R – CH      + H2O 

OCH 
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Pyran

Furan

              Furan     Pyran  

αβ

Fischerα

β

αβDEnantiomers

Anomers

Haworth
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3

1

αβ

Reeves

C11C

(axial)

(Equatorial)
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25 

251

DDDD

1D

 

Pentosans

3 D-xylose

xylan

Hemicellulose

1 L-Arabinose

Araban

1 D-Ribose

Deoxyribose

ATPNADP
+
 , NAD

+
 FAD

4D-Lyxose

3Glucose
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1Fructose

1Galactose

Mannose

Mannan

252

DD

N

ErythromycinCarbomycin

253

Glucuronic acid

Aldonic acid

Hexonic acidGluconic acid
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59

Glucosaccharic acid

254 Sialic acids

Neuraminic acid

311–DD-

mannosamine49

NN-acetyl – Neuraminic acid

N-acetyl Neuraminic acid

–N

26

C

261CL-Ascorbic acid

γ

γ

γ

Enediol
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Dehydroascorbic acid

262Sugar alcohols

DD-glucitol

DD-galactitolDD-mannitol

Phytic acid

phytine

antinutritional factor
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27

271Mutarotation

α-D-glucopyranose

αβ

DαBα

α D-glucopyranose

β D-glucopyranose

9.3

3
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272

66

273

β-

D-GlucoseD glucose 1.6 anhydro – β

 

 

α
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274

Epimerisation

Interconversion

Enediol

7917

14

Polymerisation

275

3

Fehling's Reagent

Benedict's Reagent
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 + 2Cu
2+

 →  + 2Cu
+

 
 

2Cu
+
 + OH

-
 → 2Cu OH 

 
→   Cu2O↓ + H2O

1

CH2OH

276

Hemiacetals

Glycoside

(C-O-C)

277

D- Glucose Methyl α – D- glucopyranoside 
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Epimer

28

281Disaccharides

D3،4

α
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αβ

Isomaltose

3.6α

D

D43β

αβ

D

D1β3α

α = + 66.7
o 

D(+)glucoseαβ

[α] D=+52
o

D (-) fructose[α] D= - 92

Inverted sugar
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3.4β

Cellobiose 

TrehaloseD

α33

Fungiyeasts

282Trisaccharides

Raffinose
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Gentianose

Gentian

(β- Glucose + α- glucose + β- fructose) 

29Polysaccharides

11

22

Dα3←43←6

Dβ3←4

Dα3←43←6

NDβ3←4

Dβ

3←4

Dβ1←3

N

N
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HomopolysaccharidesHeteropolysaccharides

291Homoplysaccharides 

Starch

59

Amylose15

Amylopectin75

D

α3←4

1996999

499

34

361914

366

36

57

Analytic enzymes

-amylase
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-amylase





3636

Glycogen

3436

Glycogen Synthetase

Cellulose

D

34

1999
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34

Chitin–N–D

34

Chitin 

Inulin

D31

Inulin 
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292Heteropolysaccharides

Hyaluronic acidN

N-acetyl –D glucosamineD-glucuronic 

acid31

Chondroitin

D-galactosamine

D-glucosamineSo3

Chondroitin 

Heparin

Anticoagulant
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Pectin and its derivatives

D

75

14D

gums

211Dietary fiber
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2111Properties of Dietary fibers

3 

 

1 Bile salts 

 

1 

 

4 

 

5 

 

6 Colon Cancer 

 



65 

 

Chemistry of lipids  

 

 

 

 

  

 Lipoproteins 

 

 Glucose-6-phosphatase 

 

 

 

 

 

  

 

 

 Essential fatty acids
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31

SaponifiableNon-

Saponifiable

 

 

 

 

  

Simple lipids

Conjugated lipidsDerived lipids 

311Simple lipids 

Neutral lipids 

Waxes 

312Conjugated lipids

Phospholipids 

1 Phosphatidic acid  

2 LecithinsPhophatidyl choline 

3 Phophatidyl ethanolamine

Phophatidyl serine 

4 Phophatidyl inositol  

5 Phophatidyl glycerol  

6 SphingolipidsSphingomyelin 

7 Plasmalogen 
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8 Cardiolipin 

Glycolipids

1 Cerebrosides  

2 Gangliosides 

Sulfolipids 

Lipoproteins 

1 Chylomicrons 

2 Very low density lipoproteins VLDL 

3 Low density lipoproteins (LDL) 

4 Intermediate density ;lipoproteins (IDL) 

5 High density lipoproteins (HDL) 

313Derived lipids 

1 saturated & unsaturatedFatty acids 

2 Steroid 

3 Sterols  

4 Terpenes 

Fatty aldehydesKetone 

bodies

32

Esters

Neutral lipidswaxes

321

Glycerol

Glycerides

Monoglycerides

Monoacyl glycerolDiglycerides
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Diacyl glycerolTriglycerides

Triacyl glycerol31

31GlycerolMonoacyl glycerol

Diacyl glycerolTriacyl glycerolFat

Simple glycerides

Stearic acid

Tristearin

Mixed glycerides

Palmitic acid

Palmitodistearin

--distearin-Palmitoyl

Adipose tissuesSubcutaneous

Oleic acid

25
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Lipase

3211Fatty acids 

(-COOH)

1233

Saturated

CH3(CH2)14COOH

Unsaturated

CH3 (CH2)7CH=CH (CH2)7COOH

Cerebronic acid

Branched

Isovaleric acid

CyclicChaulmogric acid

1 MonounsaturatedMonoenoic

2 Polyunsaturated

Polyenoic

3 Eicosanoidseicosa23

Prostanoids

Praostanaglandins (PGs)Praostanaglandin E1

LeukotrieneThromboxane (TXs)

Thromboxane A432
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32

Zig Zag

Rotate

cis33

33Oleic acidEliadic acid

189118C
9

∆
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Degree of saturation

12

Oil

33

33

Carbon 

skeleton 
Structure* Systematic name 

Common name 

(denvation) 

Melting 

point (
o
C) 

12:0 CH3(CH2)10COOH n-Dodecanoic acid Lauric acid 44.2 

14:0 CH3(CH2)12COOH n-tetradecanoic acid Myristic acid 53.9 

16:0 CH3(CH2)14COOH n-Hexadecanoic acid Palmitic acid 63.1 

18:0 CH3(CH2)16COOH n-Octadecanoic acid Stearic acid 69.6 

20:0 CH3(CH2)18COOH n-Eicosanoic acid Arachidic acid 76.5 

24:0 CH3(CH2)22COOH n-Tetracosanoic acid Lignoceric acid 86.0 

16:1(∆9
) 

CH3(CH2)5CH=CH(

CH2)7COOH 

cis-9-Hexadecenoic 

acid 
Palmitoleic acid  1-0.5 

18:1(∆9
) 

CH3(CH2)7CH=CH(

CH2)7COOH 

cis-9-Octadecenoic 

acid 
Oleic acid 13.4 

18:2(∆9.12
) 

CH3(CH2)4CH=CHC

H(CH2)7COOH 

cis,cis-9,12-

Octadecenoic acid 
Linoleic acid 1-5 

18:3(∆9.12.15
) 

CH3CH2CH=CHCH2

CH= CHCH2CH 

=(CH2)7COOH 

cis,cis,cic-9,12,15-

Octadecenoic acid 
α-Linolenic acid -11 

20:4(∆5.8.11.14
) 

CH3(CH2)4CH=CHC

H2CH=CHCH2CH = 

CHCH2CH=(CH2)3C

OOH 

cis,cis,cis,cis-

5,8,11,14-

Lcosatetraenoic acid 

Arachidonic 

acid 
-49.5 

1

(anoic)

Octanoic acid(-enoic)

Octadecenoic 

acid (Oleic acid)
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CH3 (CH2)7CH=CH (CH2)7COOH 

Cis , ∆9
 C18:1

Cis , cis ∆9.12
 C18:2

Cis , cis, cis ∆9.12.15
 C18:3

∆

C16:016

318

9C18:1(9)Arachidonic

C20:4(5,8,11,14)33

∆

9
∆9133

13cistrans∆

ω

9ω

913C18:19ω

n-9,18:1n9ω

34

CH3CH2CH2CH2CH2CH2CH2CH2CH = CH(CH2)7COOH 
ω 

n 

2 3 4 5 6 7 8 9 

9 10 17 

10 18 
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34

2

139

Cis

35

33
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35

3212

R – COOH + Na OH  R – COONa + H2O 

Hydrogenation

 

CH3 - (CH2)7 - C = C - (CH2)7 - COOH                  CH3 (CH2)3-CH2-CH2-(CH2)3-COOH 

H H 

H2 

 



75 

 

 

 

 

Cis

Trans

Cis313

 

 

 

 

 

 

 

 

 

 

 

CH3    (CH)7      C = C    (CH)7     COOH 

H H 

Br2 

 يك(حمض الأولي

CH3    (CH2)7    C = C    (CH2)7    COOH 

Br Br 

H2 

H H 

913 

CH3    (CH2)7    C = C    (CH2)7    COOH 

 يكحمض الأولي

KMnO4 

H H 

 حرارة معتدلة

CH3    (CH2)7    C    C    (CH2)3    COOH 

913 

H H 

OH OH 
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2Rancidity or oxidation of lipids

Auto-oxidation

Malondiadehyde 

36

Antioxidants

Oxidative stress

CH3    (CH2)7    C = C    (CH2)7    COOH 

 يكحمض الأولي

KMnO4 

H H 

 عاليةحرارة 

CH3(CH2)7 COOH + HOOC - (CH2)7 - COOH 

 حمض بيلاركونيك حمض أيزلايك
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36

Malondiadehyde

Malarid reactions

Texture

33

  

  

  

 

 

 Lipo-oxidase

 

 

Monolayer

 

(in vivo)

Lipid peroxidation
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3

Antioxidants

Oxidizable substrate

Oxidative stress

Repair

Butylated hydroxyanisol 

(BHA)Butylated hydroxyl toluene (BHT)EC

-carotene

4

153193
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1 HDLLDL 

2  

3  

4  

5  

5Essential fatty acids 

Linoleic acid

Linolenic acidArachidonic acid

Semi essential

322

43

32

32
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33Complex (Conjugated) lipids

331Phospholipids

37

37

37

31
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31

Phosphatidic acid

2LecithinsPhosphatidyl choline

Choline

3Cephalins

Phosphatidyl ethanolaminePhosphatidyl serine
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4Phophatidyl inositol

5Sphingolipids

SphingomyelinSphingosine

34

38

X38

32
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3234

6Plasmalogen

1

39

39
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7CardiolipininsDiphosphatidyl 

glycerol

31Cardiolipins

Subgroups

Phosphatidylglycerol31

332Glycolipids

1Cerebrosides

Lignoceric acid

Behenic acid313

311

2Gangliosides

Neuraminic acid

32



85 

 

333Sulfolipids

cerebronic acid311

311Sulfolipid

334Lipoproteins

Pseudo micelles

(Polar)

Apo protein
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Electrophoresis

Ultracentrifuge

311

1Chylomicrons183

5338399Exogenous

3994
3

2Very low density lipoproteins 

(VLDL)

6383Endogenous

VLDL – Cholesterol = 
            

 
 mg/dl 

VLDL

3Intermediate density lipoproteins(IDL)

(VLDL)

(LDL)33

4Low density lipoproteins (LDL)

4553

AtherosclerosisLDL

LDL-Cholesterol = Total Cholesterol – (HDL – Cholesterol + VLDL – Cholesterol) 
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Total Cholesterol = LDL – Cholesterol + HDL – Cholesterol + VLDL – Cholesterol  

LDL , VLDL , IDL

5High density lipoproteins (HDL)

LDLHDL

LDLHDLAtherogenic 

index

Atherogenic index
   

   
 

5

LDL3

HDL

34Derived lipids

Hydrolysis

SteroidsSterols

Fatty aldehydesKetone bodiesCarotenoids

341Steroids 

Per hydro cyclopentano phenanthrene

313

314

Sterols
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Glycocholic

D

Saponin  

Digitoxgenin

Alkaloids

312Per hydro cyclopentano phenanthrene
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313

1Sterols

Steroids alcohol

Ergosterol

Phenanthrene

56

171313

3315

Stereoisomer6

Chair Boot

cistrans315

17

Prokaryotes
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315

Endogenous cholesterol

12391393392

398

Exogenous cholesterol

153253133

23331331533

133

1  

2  

3 

25 
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4 

2Bile Acids

17

Emulsifier

Gallbladder

Duodenum

1 Cholic acid 316 

2 Deoxycholic acid  

3 Lithocholic 

316

Glycocholate317

317Glycocholate



92 

 

Taurine

318

318Taurocholate

342Terpenes

Isoprene2391butadiene1932-methyl3

19

319

CitralMethone 

Farnesol Bisarolene

Squalene 323Lanosterol

Carotenoids 
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321Squalene

321

Resin acidsRubberCarotene

LycopeneK , E , AQ(Coenzyme 

Q) 

321

322

322



94 

 



>: 
 

Chemistry of Aminoacids, Peptides& Proteins 

41

Protos 

:5

Albumins 

Osmotic Pressure 

Edema 

Low protein edema

Kwashiorkor

pH

B1B2



>; 
 

6;

;27:

:2<

:5

42Aminoacids

R

D

L

NH2α

LNH2D

R       Cα      COOH

H

NH2
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DLEnantiomers

L

D

DD

L

D

Dating by racemization

LDLD

6525556<
o

421

PH

R

 Essential Aminoacids Non-Essential 

Aminoacids 
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1 Hydrophobic AminoacidsNon-

polar 

Alanine Ala A 

ValineValV

Leucine Leu L 

Isoleucine Ile I 

Proline Pro P 

Methionine Met M 

Phenylalanine 
Phe F 

Tryptophan Trp W 



>> 
 

2 Hydrophilic  

Glycine Gly G 

SerineSer S

Threonine Thr T 

Cysteine Cys C 

Tyrosine Tyr Y

Asparagine 
Asn N 

Glutamine GlnQ 
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3 Acidic  

Aspartic acid 
Asp D 

Glutamic acid 
Glu E

4 Basic 

Lysine 
Lys K

Arginine 
Arg R

Histidine 
His H 
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422Non Proteinous amino acids

α

6 𝛽          

𝛽                      

Pantothenic acidA Coenzyme A 

H3N
 + 

- CH2 - CH2 – COO
- 

7 𝛾                

 

H3N
 +

- CH2-CH2- CH2-COO
-

3 α                

 

9 α                

 

 

: Citrulline:Ornithine 

Urea cycle

 

CH3-CH2-CH-COO
-

 

NH3 

+ 

OOC-CH2-CH2- CH2- CH-COO 

NH3 
+ 
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; Dihydroxy phenylalanine (DOPA)

  

 

< 8،:،8T3

T4

 

= Homocysteine
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> SelenocysteineL

Selenium(Se)Sulfur(S)

 

pK3:27

Protein synthesis

code

Redox reactions

Glutathione peroxidase (GPx)

 +4 H2O      GSSG 

   
→    2GSH+H2O2 

Deiodinase

ThyroxineTriiodothyronine

65CystineCysteine

Disulfide bond

Kidney stones 
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CystineCysteine

423 

96

6 Essential amino acids

 

7 nonessential amino acids

 

8 semi essential amino acids
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424

6 Methylation

CholinePrecursor

Acetyl choline

 

7 

SerotoninVasoconstrictor

 

8 

ThyroxineDopamine

AdrenalineNoradrenaline 

9 Histamine

 

425

4251

755
 o



65; 
 

4252

Zwitterion

Amphoters

Ka1Ka2

    
[      ][  ]

[      ]
                 

[     ][ 
 ]

[      ]
 

Ka1Ka2

pH

pHpH

 

 

R    COOH               R    COO
-
 + H 

R    NH2 + H
+
               R    NH3

+ 

H3N
+
    C    COO

-
 

H 

R 

H3
+
N    CH    COOH⇆ H3

+
N    CH    COO

-
 ⇄ H2N    CH    COO

-
 

R R R 
Anion (pH alkaline) 

 6-صافي الشحنة = 
Zwitterion 

 صافي الشحنة = صفر

Cation (pH acid) 

 6صافي الشحنة = +
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pH

Isoelectric PointPI

pH

pH

 

pH

655256HCl5256

H3
+
N – CH2 – Coo

-
 + HCl → Cl

-
 H3

+
N-CH2 - COOH 

pH

HCℓ HCℓ

pH

pKa728

655256NaOH5256

R-NH3
+

H3
+
N – CH2 – COO

-
 + NaOH → H2N – CH2 – COO

-
Na

+
 + H2O 

pHNH3

>2;
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4122

pH<29

H3
+
N – CH2 – COO

-
   Zwitterion 99.58 %  

H2N – CH2 – COO
-
   Anion   0.41 %  

H3
+
N – CH2 – COOH   Cation 0.00089 %  

H2N – CH2 – COOH Uncharged 0.000037 %  

  

HCl

NH365

5256NaOH5256

7 79 8> <96α

NH3
+
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pH7 7 

6pH9 8

6

pH8

       

 
     

41pKa

pKa1 pKa2pKa3

728>2<

β 726> <8 >

γ  727>2<928

62=> 7;

62<652==28

7>266526

727=2>652:

727>672:

421220212021
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655256 

5256

727>652:

pHi= 
      

 
 = 9.7 

pH=6

66

Electrophoresis

4253

Visible Light

7;57=5

Methylene- CH2π 
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426

R

 

  NaOH 

 

 

 

Decarboxylase

 

  

 

 

 

 

 HNO2NH2

Van Slyke

NH2 

 

 

 

NH2 – CH2 – COOH + NaOH → NH2 – CH – COO
-
 Na

+ 
+ H2O 

R 

 غلايسين غلايسيتات الصوديوم

R – CH – COOH + 7 HCHO → R – CH – N – CH2OH 

COOH 

CH2OH NH2 

R – C – N - COOH + HNO2 → R – C – COOH + N2+H2O 

OH 

H 

NH2 

H 
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Spectrophotometer 

  

α

αβ-COOH𝛾-COOH ε-NH 

Peptidiode 

(C – N) 

H O 

Ninhydrin 
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R 

α

 

 

 

 

43

biuret

OligopeptidesPolypeptides

 Dipeptide 

 Tripeptide
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 Polypeptides 

65

65555

Dialysis
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1 Glutathione 

Tripeptides

GSH

AntioxidantsOxidants

.
OHHydroxyl 

radical

GSH          +          OH                                      GS + H2O 

   

GS    +  GS                                      GSSG 
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GSHSH 

GPX

Glutathione PeroxidaseROOH

H2O2

GSSG

GSH + H2O2       →       GSSG + 2H2O2 

2GSH + ROOH         →      GSSG + ROH+H2O

cycle Meister

2 Oxytocin 
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3 Vasopressin 

4 Gramicidin S 

Antibiotic

Fungus

5 Insulin

Frederick Sanger

;55567555

79555B

76A

85

AB

A 
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44

1 Disulphide bonds 

Cys-S-S-Cys 

:5655

β- mercaptoethanol

2 Ionic bonds 
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Histones

3 Hydrogen bonds 

7:

4 Hydrophobic Interaction 

67

6  
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7  

8  

9  

:  

; 

 

<  

441Primary Structure

α

Cα-Cψpsi

Cα-NPhi  

442:Secondary Structure

Pauling And Corey
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6 pleated sheet 

 

 ParallelAntiparallel

 

7  helix𝛂

8 <10A

α 80°

   Right Handed -Helix

Lift Handed Helix

 - Keratin
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443Tertiary Structure

Three Dimensional Structure

 

Prutz6>;56>;6Kendrew 

6>;56>;7

Myoglobin

  helix6:8Heme
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444Quaternary Structure

Dimer9Tetramer

Oligomer

HomogenousHeterogeneous

2 2 

IsoenzymesSubstrate

Vmax, Km Hexokinase, 

Phosphatase, Lactate Dehydrogenase
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45

451

1 

SO47NH4 

Globular

SO47NH4

Na2So4K2So4MgCl2

MgSO4

Salting Out

Salting In

RDissociable

2 pHpH

pHiIsoelectric point

pH

pHi

Electrostatic Repulsion forces

Crystal Lattice Forces
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3

Dielectric Constant

 

N,N ,Dimethyl sulfoxideN,N-dimethyl 

form amide

4

 pH

PI 

5

8=<:

Coagulum

 

6

pHpHi
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452

βϵ

pHi97

pH<28<2:

42

   

Pepsin 1 

Ovalbumin92;

Fibrinogen:2: 

Hemoglobin ;2> 

Cytochrome C652; 

453Denaturation

Protein Native

Denaturation

pH

pH
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46

Dialysis

Adsorption Chromatography

pH

ChromatographyIon 

ExchangeElectrophoresis

47:Protein determination

471method:Kjeldahl

NH4HSO4

HCL

NH4HSO4+ 2NaOH      →        NH3 ↑ +2Na
+
+ SO4

-2
+ H2O  

6;

;27:655/6;

:2<

Protein                           CO2 + H2O + NH4HSO4 H2SO4 

Cu, Se, Hg 
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472

  Extination coefficient 

7=5Spectrophotometer

7;5

nm7=5Absorbance

7=57;5

       

       

factorCorrection

×7=5 

62<52:

473Biuret method

NaOH

:<5

Cu
++
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Cu++

Cu
++

4NH3      →     Cu (NH4)4
++

 

675 

474Modified Lowery method

Folin-Ciocalteu

<:5

 

7::55

48Classification Of Proteins

481Simple Proteins

Protein+ Phosphomolibdo tungistic Complex →   blue color complex 

 <:5 
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4811Fibrous proteins(Scleroproteins

Protective 

functionsAlbuminoids

1 Collagens 

Connective tissues

Pepsin

Trypsin

 X

YHydroxy proline98:

Hydroxy lysine:

Collagen helix

2 Keratins 

 Cysteine
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3 Elastins 

4812Globular Proteins

1 Albumins 

Coagulable

DenaturedOvalbumin

LactlbuminSerum albumin

2 Globulins 
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Serum globulinsLactoglobulin

Thyroglobulin

3 Glutelins 

Wheat Glutenin

4 Prolamins 

<5=5

Zein

Hordein

5 Protamins 

Trypsin

Salmin

6 Histones 

Nucleoproteins

Nucleohistones

482Conjugated Proteins

Prosthetic group
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4821nucleoproteins

DNA

RNA

Ribosomes

4822Glycoproteins

Mucoproteins

9

9

;5Hexosamines

Uronic acid

MucopolysaccharidesMusin

mucoidGastricOva mucoid

Globulinsγ, β, α

4823Phosphoproteins

4824Chromoproteins

Chromophoric 

groupProsthetic group

6  

7 

 

8 RhodopsinIodopsin 
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9 

Melanin 

4825Lipoproteins

Glycerides

High Density Lipoprotein 

HDLLow Density Lipoprotein LDL

Intermediate Density Lipoprotein IDLVery Low 

Density Lipoprotein VLDLChylomicron

4826Metalloproteins

Arginase Tyrosinase

Carbonic anhydrase

483Derived Proteins

PeptonesPeptidesProteins

Denatured

1Metaproteins

2Peptones

3Proteoses

Secondary Proteoses
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ProteosesPrimary

484Plasma Proteins

;=6558

Electrophoresis

6 Albumin

 

7 1Globulinα1

LipoproteinsTranscortin 

8 2Globulinα 2

CeruloplasminProthrombin 

9 Globulinβ

Transferrin 

: Globulin𝛄Antibodies

immunoglobulins (Ig)IgG,IgM,IgD,

IgA,IgE 
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Enzymes and Enzymatic activity

51

Lavoisier

Pasteur

Buchner

Zymase

Urease7996Sumner

pH
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monomeric 

Oligomeric10-24

Multienzyme Complex

52

7  

9 Mechanism Of action 

3 

 

4 

57 

51

AST Or GOTMyocardial infraction

ALT Or GPTAcute Hepatitis

AmylaseAcute Pancreatitis

CeruloplasminWilson’s disease

Creatine Kinasemuscular disorders

Lactate Dehydrogenase

Acid PhosphataseProstate cancer

Alkaline Phosphatase

5 

ThrombosisProtease 

6 

oxidaseGlucose

Urease 
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7 

Polymerase Chain reaction (PCR)

53

Catalyst 

 A+BC+D

A+B

51

57
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7 

 

9 

 

778

H2O27717

9

571
6

H2O2

pH 

9

3

 

Covalent catalysis

 

Acid-base catalysis

H+
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Carbonic anhydrase

 

CO2 + H2O    ⇆  H2CO3 

NMP

ATP+NMP     ⇆       ADP+NDP 

Catalysis by approximation

NMP

54

7 Enzyme UnitActivityEnzyme

7

95pH

υ 

9 

Specific Activity

7 

3 
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Turnover 

number 

4 Killer EnzymesProteinase

Killing Systems by Killer 

Enzymes

541

59

V°

V0 = tg α0

vtd(P)/dtP

t 

52t1 

542

t1

53
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53

  

E1= 
  

 
 

  

 

  

t253

53

543

 

substrateS

SVmax

54
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54

S⇄P

       
  

  
        

  
→     

P

PE-S

Michaelis and Menten

EE-S

E-SE-SV=KVmax

[E – S] = [ET]     (1) 

ET          : Vmax= K3 [ET]     (2) 
 

    
 

      

     
 

     

    
    (3)                                               

E-S

E 
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Km=  
  

  
 

      

     

[E][E] = [ET] – [E – S] 

Km = 
               

     
 

       

     
 

        

     
 

       

     
     

[S]

       

     
        

                                  [E-S]= 
       

      
 

[  ]

     

    
 

   

      
 

3
     

    

 

    

   

       

 

    

Km

V[S]

Vmax Km

V

Vmax/2

1/2 = [S] / Km + [S] 

Km = [S]

E-S

Km

10
-2

10
-8

Km
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S  [E-S]

1/Km Km

Vmax/2

Km

Vmax/2Km

Vmax

SubstratesKm

Km0.5 mmole/l

D1.5 mmole/lD

5

4

7934The Line Weaner – Burk 

Plot

  
       

      
 

 

 
 

      

       
 

 

 
 

  

        
 

 

    
 

(Y=mX+C)
 

 

 

   

55
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55KmVmax

  

    

 

    

 

 

7 KmVmax 

9  

7 
 

 

 

   

 

  

 

9 

 

3 

Eadie – Hofstee

 

  
       

      

Vmax  
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v       
 

   
     

Km  Vmax

56

56

544

pH

  

57

41

41
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57

3137

pH

ribonuclease

81

 pH 

pH

pH

pH

pH

Amylase

pH758 
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58PH

pHpH

7159Arginase91571

68

  

Inhibitors

Apoenzyme

Prosthetic group

1 Competitive Inhibitors 

S

I

E+S ⇆   ES → E + P  

E + I ⇄ (EI)  



757 
 

 

Succinic dehydrogenase

HOOC-CH2-COOH Malonic acid

59 

59

 

HOOC-COOH

HOOC-(CH2)3-COOHHOOC-CH2-

COOH

2 Non-competitive Inhibitor 



759 
 

7 Reversible non-competitive inhibitor

9 Irreversible non-competitive inhibitor

7EI

EIS571 

511

EIS

ES

9

DialysisPoison 

enzyme 

577 

511 
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 Diisopropyl fluorophosphate (DIPF)

579

512Acetylcholine esterase

Diisopropyl fluorophosphate (DIPF)

573

 Vmax 

 Km

 

 

513
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Uncompetitive Inhibitor 

EISESEIS574 

514

575

7      

9 Km 

3  

Uncompetitive inhibition Km reduced Vmax reduced 

515 

Feedback inhibition 

EI

576 
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516 

G

A

Asparate trans carbamylase

CTP

 

577

S

517 

3

577 
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ΔG΄

 

Allosteric Control

Regulatory Sites

Catalytic Sites

7 Allosteric activators 

KmKm΄

577

Cofactor

9 Allosteric inhibitors 

KmʺKm
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55

monomeric enzymes

Zymogen

59

52

Pepsinogen  H+ Pepsin

TrypsinogenEnterokinaseTrypsin

ProlastaseTrypsinElastase

Chemotrypsinogen ATrypsin+Chemotrypsinα – Chemotrypsin

Procarboxypeptidase A TrypsinCarboxypeptidase A

551

Oligomeric enzymes

 

Isoenzymes

pHVmaxKm

RfLactate Dehydrogenase

 

monomerH

HeartMMuscles

H4, H3 M1, H2 M2, H1 M3, M4
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71111

73711β-galactosidase520.000)

Multienzymes Complexes

0007111

A

552Cofactors

Activators

EnzymeSubstrate

 

Zn
++

carboxypeptidase

Phosphatases Zn
++

Mg
++

Ca
++

K
+

Na
+

Co
++

Fe
+++

Cu
++

7 

 

9 

 

3 
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4  

5  

Metalloenzymes

Prosthetic groups

Porphyrin

CatalasesPeroxidases

 

:Coenzymes

FAD NAD 

553The Active Site

7 

 

9 

717163169159135 

3 

ES10
-8

10
-2

379
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51771

 

4 

 

5 

 

Lock and Key Theory

Emil Fischer7891

578

518

 

Induced Fit Theory 

R-group

7  

9  

3  

4  
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 Induced Fit579

519[ES]

Hexokinase

6

6

56 
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DL

Stereochemical Specificity

D-amino OxidaseD

 

L

D

53 

53D-Amino acid Oxidase

D711 

D 34 

D 715 

D     775 

D 113 

L111 

Functional Specificity

Hexokinase

ATP

D-Hexase+ATP
                     
→              D- hexose-6-Phasphate + ADP 

6543
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79

esterases

Peptidases

Absolute SpecificityFructose 1-6 diphosphatase

57 

9111

chymotrypsin, 

Trypsin, Pepsin

asePeptidase, 

Arginase, Phosphatase

asemalate 

dehydrogenase

Commission on Enzymes of 

the International Union of Biochemistry

571Enzyme Numbering 

4E.C.

Enzyme Commission

 :

76 

:Sub-Class

Donor
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7-CHOH

9>C=O

3-CH=CH-

4-CHNH2 or – CHNH3

5>CHNH-

6NADH or NADPH

Hydrolases

Sub-Sub Class

 

7NAD
+
or NADP

+
 

9Fe
+++

 

3O2 

:Serial number

Lactate Dehydrogenase   :
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E.C.1.1.1.27Lactate 

DehydrogenaseLactate Dehydrogenase

E.C.

Enzyme Commission

7

7

7NAD+

97L-Lactate

572Enzyme nomenclature

6

1 Oxidoreductase 

A ox+ B red A red + B ox⇆
Reductases, Dehydrogenases 

Oxygenases Hydroxylases, Peroxidases, Oxidases

77–CH-OH

 

777NADNADP+

L-malate: NAD-Oxidoreductase71719137 

779

L-Lactate-ferricytochromic-oxidoreductase.71719 3

773

7171314 β-D-glucose: oxygen-oxidoreductase. 

79–C=O
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797NAD+NADP+

–D glyceraldehyde-3-Phosphate: NAD-oxidoreductase7191719(

3

3 7

799O2

Xanthine: Oxygen Oxidoreductase7191319

793Lipoic acid

73–H2C-CH2- 

737NAD+NADP+

(1.3.1.1) 4.5 dihydrouracil: NAD+ oxidoreductase

739

733O2

Dihydroorotate: oxygen oxidoreductase.4157 91317

74> CH-NH- 

747 NADP+ NAD

(1.4.1.2)L-glutamate: NAD-oxidoreductase

α

2 Transferases 

AB + C ⇄ A + BC

977Methyl Transferases  

 

         (2.1.1.10)S-adenosyl-methionine:L-homocysteim 

S-methyl transferase 
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979 

(2.1.1.10)L-Serine: tetrahydrofolate 5, 10 hydroxymethyl transferase.

973

(2.1.3.2) Carbamylphosphate: L-aspartate carbamyl transferase.

5

93 

95

96

967 

(2.6.1.1.) L- aspartate: Ketoglutarate amino transferase.

97

977

(2.7.1.1) ATP. D- hexose-6-Phosphotransferase.

ATP

979

(2.7.2.3) ATP 3-Phosphoglycerate I-Phosphotransferase.

3 Hydrolases

A-B + H2O ⇄ AH + BOH

37 (3.1.1.3)glycerol-ester hydrolase Lipase

39(3.2.1.2) β-D- glucoside 

glycohydrolase.

39(3.4.1.2) Aminoacyl-peptide hydrolase.
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4 Lyases 

A + B    ⇄ A - B

47C-C

4777

(4.1.1.12) Asparate decarboxylase.

479

49C-O 

43C-N

5 Isomerases 

A    ⇄ Iso - A 

57Epimerases, Racimases

Epimer

59Cis-TransCis

Trans

53Aldo-Ketoisomerases

6 Ligases 

ATP

A + B + XTP   ⇄ A – B + XDP 
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X= A, G, U ,CSynthetases

67O-C

69S-C

(6.2.1.1) Acetyl-CoA ligase 

63N-CAcid- 

Amino acid ligases(6.3.2.3) γ-L-

glutamyl-L-Cysteine-glycine ligase

64C-C



771 
 



171 
 

Vitamins & Coenzymes

61

Otto Warburg

Nicotinamide adenine dinucleotide phosphate

61

HydrosolublesLiposolubles

ThiaminB1riboflavinB2

Nicotinic acidPantothenic acid

PyridoxineB6BiotinFolic acidB12

AscorbicacidC  K, E, D, A.
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61

A

CO2 

 

B12 

A 

D

E

K

611

1 

C 

1 

 

3 

KB12

4  

5 

Coenzymes



173 
 

 

6 

B12

Overdoses

D,E,A

Hypervitaminosis

 

7 

 

8 

Prosthetic group

Dialysis

 

9 

EC

 

11 

 

11 

 

612

1 Bioavailability



174 
 

NiacytinGlycopeptide

 

 

B12 

 

2 Antivitamins 

3 

Pyrimethamin

4 

 

5 K

 

62

1 ThiaminB1 

1 Thiazole

61 

1 

 



175 
 

3 B1

 

4 Thiamine 

Pyrophosphate (TPP)Decarboxylase

ATPPyrophosphoKinase

61

61Thiamine Pyrophosphate (TPP

5 TPP

Oxidative decarboxylation

A

Pyruvate dehydrogenase complex

 

A

a-Ketoglutarate dehydrogenase complex
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a-Keto acids

Pyruvate decarboxylase

 

TransketolaseTrans 

aldolase

6 Beri beri

Paralysis

A

Lactic acidosis 

7 
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 -2RiboflavinB2 

1 B2Isoalloxazine

Ribitol

 

 
62Riboflavin 

1 151

451461 

3 B2FMN

FAD63

ATPFADFMN 



178 
 

63 FAD FMN 

4 

OxidasesDehydrogenases

AAcyl 

COA

Succinate dehydrogenase 

FADFMNFADH2

FMNH21164



179 
 

64FADFMNFADH2FMNH2

5 B2

 

6 B2

 

3NiacinB3 

1 Pyridine

Nicotinic acidNicotinamide65

 

65 
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1 

 

3 

 

4 

66 

 NAD
+

 

 NADP
+

66NAD
+

NADP
+

2

5 

NAD+NADP+Resonance

H
-
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67NAD+NADH

 Pyridine 

Coenzymes Oxidoreductase

Pyridine- Linked 

dehydrogenase

6 NAD+NADP+

Oxidoreductase151

 

 

dehydrogenase

Glycolysis PathwayKrebs CyclePhosphoguconate 

Pathway 

Glutathione PeroxidaseGlutathione 

reductase(Grd)
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Reactive oxygen species 

(ROS)O2
°-

H2O2

─OH°

NAD+ADP-riboseADP-

ribosylation DNADNA Repair 

7 Pellagra

 

8 

511111 

4Pantothenic acid 

1 

Hydroxy methyl butyric acid68 

1 

 

3 

 

4 A68CoA

CoASH

CoASHSH) 

A

Acyl carrier protein (ACP)

Acetylation
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68Pantothenic acidA

Coenzyme AAAcetyl CoA

5 

E.coli

5 PyridoxineB6 

1 B6

Pyridoxine

Pyridoxal

Pyridoxamine.

69PyridoxinePyridoxal

Pyridoxamine 
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B6Pyridoxal 

Phosphate (PLP)

Glycogen Phosphorylase

1 5

569Coenzyme

 

Transamination

Transaminase

Aminotransferase

Glutamate Pyruvate transaminase (GPT)   

Glutamate Oxalate transaminase (GOT)

Decarboxylation

Histidine decarboxylase

Racemization

DL 

α14

1

Glycogenolysis Pathway 

3 B6115
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4 B6

B12

 

5 

 

6 B6111111

 

7 

 

6B12Cyanocobalamin

1 B12

Corrin

CN

Cyanocobalamin
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B12

1 

 

3 

 

4 

 

B12

Transmethylation
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5 B12THFB6

Methionine synthase611

Oxidative stress

 

611  MethionineHomocysteine 

6 

Pernicious anemia

 

7 Folic acidFolacin 

1 Pteridine

Pteroic acid

pteroylglutamic acid611 

1 
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3 

 

4 

THFTetrahydrofolic acid

CH3

CH2OHCHOCH2CH=NH 

FormimineMethenylCH 

 Formyl FH4

Methylene FH4Methenyl FH4 

611 

DNARNA

methylation

Deoxyuridylic aciddUMP
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Deoxyuridylic acid (dTMP)DNA

Thymidylate synthase

5 

 

6 

B6B12 

7 Megaloblastic anemia

Megaloblastosis

DNARNA 

8 B126

11B12

Hypertension 

9 

THFADHFA

AminopterinAmethopterin

Trimethoprim

Dihydrofolate reductase

1111

DNA 
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8BiotinH 

8Vitamin8RCoenzyme R

B

1 

D

Biocytin611 

612Biotin Biocytin Carboxy-biocytin 

1 

 

3 

 

4  

5 Avidin



191 
 

Sulpha drugs

 

6 Carboxylase

CO2

GluconeogenesisPropinoyl-CoA

D-Methylmalonyl-CoAPropinoyl-CoA carboxylase

Pyruvate carboxylaseCO2

N

CO2 

7 

 

9CAscorbic acid

C

1 CRedox system

 

 LL-Ascorbic acid

 

 LL-Ascorbic acidDehydro

L

Monodehydro ascorbic acid

611 
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612C 

1 C

 

3 

C

 

4  

5 C 

 Coenzyme

 

 

 

 C

Reactive Oxygen species (ROS)

Super oxide anion 

O2˙
-

˙OHH2O2

E
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Oxidative stress

 

 

TransferrinFerritin

 

 Tetrahydrofolic 

acid 

 

 

 

Carnitine 

 Nitrosamine

Nitrites

 

 Osteoporosis 

6 D

DD

DD

 

OxidaseL- Gulonic acid

7 Scurvy

 

63

K,D,E,A
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1 A 

DioxygenaseRetinal

Retinol

613

1 A

Carotenoid Pigments

Retinol 

1 Epithelial 

tissue

 

3 A

Rhodopsin

Opsin

Cis11Trans
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4 AA

 

5 

A

Mucous

Cornea 

6 Cortisone
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7 Gene expressionCell differentiation

Retionic acid

Nuclear receptors

DNA 

8 Night blindness

Xerophthalmia

Anorexia

Hyperlipidemia

2E 

1  EPhytol

TocopherolsEpimers

8Methyl 

tocotrienol8Tocol

R4

Tocotrienol614 
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614TocopherolTocotrienol 

αα

α 

1 E

 

3 

Chylomicron 

4 

Antioxidants 

5 EAntioxidants

Chylomicron, LDL, HDL,IDL,VLDL

E

Lipid 

peroxidation

 

Hemolysis

Premature infants
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Nitrosamine

 

6Hemolytic 

anemia

Edema

PrematureKwashiorkor

 Neuromuscular 

3D 

DSolar Vitamin

1 D11

D2Calceferol

Ergosterol

D3Cholecalciferol

7

Dehydrocholesterol7615 

1 D
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615Dehydrocholesterol 71,25-dihydroxycholecalciferol 

3 D

25-Dihydroxycholcalciferol

,115

Parathyroid

4 D

115 

 

DAlkaline Phosphatase
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5RicketsOstemalacia

 

5 Hypercalcemia

Hypertension 

4K 

KKoagulatiou vitamin

Vitamin K

1 KQuinines

K1PhylloquinonePhytomenodione

K2Menaquinone

K3Menadione

K1K2

 

1 K
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3 K

 

4 K

X,IX,VII,II

Inactive

K Carboxylation CO2

 

K

5 Hemorrhage 

disease

Hemolytic anemia
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Chemistry of Nucleic Acids

71

Nucleoproteins

ATP

FADNADP
+

NAD
+

A

DNA

Deoxyribonucleic acid

DNAProkaryotes

DNADNA
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Ribonucleic acidRNA

RNARNA

RNA

RNA

72

71

71DNARNA 

RNA DNA 

DD2

 -D-Ribose

DNAβ-D-2-deoxyribofuranose -D-ribfuranose

RNA71

71
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DNARNAPurine

AdenineGuanine

RNA

72  DNARNA 

RNA

DNA

LactamLactim

pH

73Nucleosides

9

11

 

Ribonucleotide

Deoxyribonucleoside
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Osine

idine72

72

74Nucleotides

Ribonucleotide

Deoxyribonucleoside 

 

΄2΄3΄5

΄3΄5
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Nucleoside 

monophosphate5

73

73

55AMP

55GMP

55CMP

55

55UMP

΄2΄3

΄3΄5΄3΄5

Second Messenger

First Messenger

΄5
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741

1 GTPATP

ATP

ATP

 

2 RNA , 

DNAATP.CTP.GTP.UTPRNA

dATP. dCTP. dGTP. dTTPDNA

3 

 

4 FMD

FADNADP
+

NAD
+

A

 

5 

UDP-glucose

UDP-galactoseUDP-

glucuronicGDP-mannose
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6 Allosteric

ATPADP

Glycolysis

 

7 

ATPActive methylAMP

S

Adenosyl methionineS74 

74

8 Cytidine diphosphate 

choline (CDP-choline)Cytidine 

diphosphate diglyceride(CDP-diglyceride)
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75Nucleic Acids

Chains

Polynucleotides

Phosphate Diester Linkage

210

Oligonucleotides

1

΄3΄5

Deoxyribonucleic acid 

(DNA)

Ribonucleic acid (RNA)DNA

RNA

TCGA

PP

5

P΄3

dpG5dGp3

A-T-C-Gp

3

΄5 ΄5

΄3

           
→          

DNA

Histones

ProtaminesChromatin fibers
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75

DNA

Nuclear zone 

75DNA 

RNA

DNA

Messenger RNA 

(mRNA)Transfer RNA (tRNA)

Ribosomal  RNA (rRNA) 

.

751Deoxyribonucleic acid 

(DNA)

DNA

1 DNA

Double Helix76 
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Watson and Crick1953

2 Chargaff

G+ADNAT+C

A

GCAT

1GC1Base 

equivalencesDNA 

76DNA 

3  

 Hydrophobic interaction

 

 G=C

A=T77 
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77

  

  

 AG

TC

DNA77 

 DNA

78DNA
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4 DNA

dAMP. dGMP.dTMP.dCMP

 

5 DNA

DNA

 

6 DNAGENE

DNA

DNA

7 

DNAMutation

X-ray,UV

HNO2 

DNADNA Repair

Frame shiftDNA

8 DNA
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9 DNA

Complementary

 

10 

78΄5 ΄3

΄3 ΄5 

11 G=CDNA

A=T

 

12 Genetic information

DNALinear information

mRNA

DNA

The DNA finger print

DNA

DNA typing

DNA

 

13 DNA

DNA

DNA 

14 DNADNA

Nuclease

΄2 
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752

1 Primary structure 

΄5 ΄3

GeneDNA

2 Secondary structure 

1953

X79

DNABB-

DNA

6

DNA

AA-DNA79

79DNA 

Alexander Rich1979

DNAZZ- DNA

 ABAnti

ZAnti

Syn710
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711antisyn

Z-DNA

Zig zagZ-DNA

74Z,B,ADNA

ABZ

25.5°A 23.7° A 18.4° A 

111012Dimer

3336
60Dimer)

28°AA°34 45°A 

2.6°A 3.4°A 3.7°A 

2067

Major groove 

Minor groove

Major grooveMinor groove

DNA711
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711Major grooveMinor grooveDNA 

3 tertiary Structure 

DNA΄3,΄5

DNAE.coli 

DNASuper 

Coiled 

Linking number

DNASuper 

helix densityDNA

Electrophoresis

DNA Denaturation

pH 411

80

DNA

Denaturation
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DNA

Random coil

Melting

Renaturation

NucleasesDNA

Spectrophotometer

260 

Hyperchromicity

753RNA

RNA

1 RNA

25
4
x10x110

6
4

 

2 

U,C,G,A

 

3 RNA

10 

4 RNAMessenger RNA

mRNArRNARNARibosomal

tRNATransfer RNA
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5 DNARNA

Ribonucleotide reductase

 

7531m-RNA

DNA

Protein Synthesism-RNA

5m-

RNAHalf-life17

24

m-RNA

m-RNA

Polycistronic m-RNA

7532r-RNA

1 r-RNARNA80

RNA65 

RibonucleoproteinPolysomes

2 r-RNA5S16S23S

 SSvedberg

Sedimentation coefficient

Ultracentrifuge

3 r-RNA

A,U,C,G 

4 r-RNACG5060
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7533t-RNA

sRNASoluble RNA

Loops712

1 t-RNAm-RNAr-

RNA60t-RNA

 

2 t-RNA

Anticodon

Codon

m-RNA712 

712

3 t-RNA΄5GC

3΄C- ACA

HO

712 

4 t-RNA

Clover leaf

75

RNAE.coli 
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75 RNAE.coli 

RNA
S

rRNA 80
120
1700
3700

5
16
23

35
550
1100

3

tRNA 1575904233060

mRNA 575300062525100010

754DNARNA

76

76DNARNA

DNARNA

1 A,G,T,C1A,G,U,C

2 2

3 3

.Gene expression

4 

T=A,C=G

4

5 5

6  

  

 DNA

6

7 7

8 DNA8m-RNA, r-

RNA t-RNA,

9  B-DNAA-DNA

Z-DNA

9

10 gene Ongene 

Off

10

11 11
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76

Stanley1935

RNA713

RNA

77

713

77

Daltons x10Dx10
-6

RNA 1.50.6644

RNA 402.256

RNA6.72.0 22330

DNA 200105

T2DNA 22013461

RNA 2802.20.8
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DNARNA
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 الباب الثاني 
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11

1 ATP 

2  

3  

12Catabolic Pathways
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11

 

 

 

A 

 

CO2

 

 

ADPATP

 

13Anabolic Reactions

∆G
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11

(ATP)

1)       X – OH + H – Y  ⇄ X – Y + H2O     ∆Go
`
 = 4   Kcal/mol  

4

ATP

2)       ATP + H2O   ⇄ ADP + Pi     ∆Go
`
 = -7.3   Kcal/mol  
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3)   X – OH + H – Y +ATP  ⇄ X – Y + ADP + Pi  ∆Go
`
 =-3.3Kcal/mol  

ATPX-OH

[X-O-P]H-Y

NADPH2

RCHO + NADPH2  →  R-CH2OH + NADP
+ 

14

 

Organisms autotrophs

NH3 , H2O , CO2

 

(autotrophs)

(Heterotrophs)
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CatabolismAnabolism

Metabolism

(Catabolism)(Anabolism)

GF

∆G

141∆G

A+B→CA+B

C

G1G2

∆G

∆G = G2 – G1 

142∆G

∆G

(G1)(G2)A+BC
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Exergonic

∆G(G1)

(G2)∆G

∆GEndrgonic

∆G∆G∆G

∆G

∆G

∆G

∆G

∆G

C6H12O6 + 6O2  → 6CO2  +  6H2O 

686

143

aA + bB ⇄  cC + dD     (1)  

d , c , b , aC , B , AD
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         (2)  

AB

CD

120222

ABAB

∆G

∆G = ∆G
0
 + R T ln

        

        
       (3)  

∆G
o

251

R10982

40184

1222

T298 = 25 + 273  

ln
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3

∆G
o

3

∆G2

0 = ∆G
0
  + R T ln

        

        
       (4)  

 ∆G
0
  = -  R T ln

        

        
       (5)  

K

∆G
0
  = - R T ln K    (6)  

log K x 2.303 ∆G
0
  

∆G
0
   = - 2.303 R T log10 K     (7)  

RT

∆G
0
   = - 2.303  1.987  298  log10 K      

∆G
0
   = - 1363 log10 K     (8)  

∆G
0

∆G
0
 

∆G
0

12K

K2022112
6
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pH

7∆G
0

pH=7∆G
0
 

144

∆G1
0

A → B  

∆G2
0

B → C  

∆G3
0

C → D  

12(K)∆G
0

25

K log K ∆G
0
 = -1363 log K 

0.001 -3 +4089 

0.01 -2 +2726 

0.1 -1 +1363 

1 0 0 

10 +1 -1363 

100 +2 -2726 

1000 +3 -4089 

10000 +4 -5452 

100000 +5 -5815 

1000000 +6 -8178 

A→D∆GS
0

∆G
0

AGs
0
 = ∆G1

0
 + ∆G2

0 
+ ∆G3

0
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∆G1
0∆G3

0∆Gs
0∆G2

0

145

∆Eo

∆G

  ↔          

       ↔        

2 Fe 
+3

 + H2  ⇄  Fe
+2

 + 2H
+ 

CH3CHO + 2H
+
 + 2 e

 -
 → CH3CH2OH 
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NADH2

CH3CHO + NADH2 ⇄ CH3CH2OH     +   NA D 

 

Eo

(Eo=0.00)

H
+

11

OX

Red

n

OX + ne
-
 ⇄ Red 

H
+
 + e

-
  → 1/2 H2 

pH

112
7

pH=7
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pH=7Eo`2042

pH=71

3(OX)(Red)

13pH=7

Eo`

pH = 7 , 30
o
  OX / Red 

-0.42  2H
+
 / H2.....  

-0.32  NAD
+
 / NAD + H

+
....  

-0.20 CH3CHO / CH3CH2OH...  

+0.04  Cytochrome b Fe
+3

 / Fe
+2

 ....  

+0.26  =     C Fe
+3

 / Fe
+2

.....  

+0.29    =  a   Fe
+3

 / Fe
+2

.... 

+0.77 Fe
+3

 / Fe
+2

.... 

+0.82 1/2 O2 / O
-2

.....  

13

(∆G
o
`)

∆G
o
`

∆G
o
` = - nF ∆Eo` 

∆G
o
`pH=7

n

F23026

∆Eo`pH =7
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∆G
o
` = - 1  23.06  0.77 – (-0.42)  

        = -27.44    K.cal  

∆G
o

27044

NADH + H
+

NADH + H
+
 + 1/2O2 → NAD

+
 + H2O  

n = 2

∆G
o
` = - 2  23.06  0.82 – (-0.32) = -52.6  K.cal  

∆G
o
`5206

∆Eo

1:1EoE

E = Eo + 
     

 
   

    

     
 

E

Eo

n

[OX]

[Red]

146
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A + B → C + D   , ∆G = -7 K.cal / mol     (1)  

E + F → G + H   , ∆G = +3 K.cal / mol     (2)  

(-4 K.cal)

ATP

ATP

ATP

O-P

∆G
o
= -3 K. cal/mol

AMP + H2O → Adenosine + Pi  

∆G
o
 = -7 K.cal/mol 
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ADP + H2O → AMP + Pi 

ATP + H2O → ADP + Pi 

ATP12

12ATP(Adenosine triphoshte)

ATP + H2O ⇄ ADP + Pi ,    ∆G
o
 = - 7.3  K.cal  

ADP + H2O ⇄ AMP + Pi ,    ∆G
o
 = - 7.0  K.cal  

AMP + H2O ⇄ Adenosine + Pi ,    ∆G
o
 = - 3.0   K.cal  

pH=7

Pi

ATPADP

AMP
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pH∆G

∆G
o

ATP

ATPADP + Pi

ATPADP + Pi

ATP

ATP

Glucose + Fructose → Saccharose + H2O  

 ∆G
o
  + 5.5 K.cal / mol  

ATP

ATP + H2O →  ADP + Pi ,    ∆G
o
 =  7.3  K.cal /mol 

ATP + Glucose → Glucose -1- Phosphate + ADP 

Glucose -1- phosphate + Fructose → Saccharose + Pi  

ATP + Glucose + Fructose → Saccharose + ADP + Pi  

Pseudomonas Saccharophilia

ATP

ATP

ATP + H2O ⇄ AMP + PPi 
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∆G
o
 = - 8.6  K.cal 

ADP

P∆G
°

1

13

3

1108

P

Pi

∆G
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2

ADPATP

1408

8

1408

3

ADPATP

(Co enzyme A)

Co A-SH

705

4
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ATP

1203

∆GATP3

ATP

Cneatine  P + ADP ⇄  Creatine + ATP  

∆G
o'
 = - 3 K. cal/mole 

ATP

15

∆G

∆G

B

A ⇄ B , ∆G
o
 = + 1.362 K. cal / mol     (1)  

B ⇄ C , ∆G
o
 = - 4.086 K. cal / mol     (2)  

A ⇄ C , ∆G
o
 = - 2.724 K. cal / mol     (3)  
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1

A→B→C1

2

(ATP)

6

Glucose + Pi → Glucose -6-P+H2O      ∆G
o
 = +3 K.cal/mol (1) 

ATP

ATP + H2O → ADP  , ∆G
o
` = -7.3  K.cal/mol  (2)  

Glucose + ATP → Glucose -6-P + ADP       
∆G

o
` = -4.3 K.cal/mol (3) 

ATPADP

ATP

ADP703

P  enol pyruvate → pyruvte + Pi  ∆G
o
` = -14.8   K. cal / mol    (4) 

ATP

13

ATP
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13ATP
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CARBOHYDRATE METABOLISM 

21

6606

55

"Photosynthese"
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22

(Glycosidases)

Amylases

α-amylase

α(1→4)

α(1→6)

α(1→4)

𝛃-amylase

α(1→6)

α(1→6)16(Amylo -1 , 6-

glucosidase)
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α(1→4)1

6

 

 

 

 

Cellulase

(phosphorolysis)

[Glucose]n + pi 
              

 
 [Glucos]n-1 + Glucose-1-P  

α(1→4)

1

46α(1→6)

161

6

phosphoglucomutase
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23

Embden-

Meyerhof

Hexokinase

6

66

6

6

 ATP

α-D-glactose + ATP                      ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   α-D-galactose-1-P + ADP 

 1

UDP

UDP

 

Galactose-1-P + UDP-glucose ↔ UDP-galactox + glucose -1- P 

Phosphogalactose- uridyl-Transfiraer  

 UDP

(Sphingoglyco lipides)
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galactolipides cerebrosidesUDP

UDP-galactose                                ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ UDP-glucose  

 UDP1(PPi)

UTP

UDP-glucose + PPi   UTP + glucose -1- P  

 16

(galactosemie)

1

91

24GLYCOLYSIS

 

ATP
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Enzymes

1 Glucokinase 

2 6Glucose-6- Phosphatase 

3 Phosphohexose isomerase 

4 Phosphoglucomutase 

5 UDPUDP- Glucose- Pyrophosphorylase 

6 UDP4UDP- Galactose -4- epimerase 

7 Phosphogalactose- Uridyl- Tranaserase 

8 Galactokinase 

9 Mannokinase 

11 Fructokinase 

21

1

6

Hexokinase

(ATP)
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26

66

36

6

ATP

ATP

616
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416

16

D0

D0

0

0

53

0

NAD
+

(Pi)10



957 
 

(po3H2) Pi

 0

Thio- semi- acetal

 Thio- semi- acetalNAD
+

Thio- ester

 Thio-ester10

6ATP13

ATP100

ADP

0
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ATP

73

09

99

82

9

99

9

ATP

9ATP

ADP

ATP

ATP99
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22

11

NADH2

010

NADH2NAD
+

NAD
+

A

NADH2

NAD
+

NADH2

NAD
+
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23

25Alcoholic Fermention

 NAD
+

(TPP)B1

(Zn
++

)

NADH2

NAD
+

L
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23
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NADH2NAD
+

NADH2NAD
+

26

ATPATP3

NADH2ATP2FADH2

ATP ATP 

←61

6←161

10←099

←99

NADH296

916

8ATP
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31

NADH2

NAD
+

NADH2

H2O + CO2

Hans Krebs

7321

CO2H2O

7392

(Rcoo
-
)

A

NAD
+

FADTPP

A
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(-COOH)

(TPP)

(E1)CO2

1) CH3-CO-COOH  + E1 – TPP → CO2 + E1 – TPP – CH3CHO 

E2

2) E1- TPP - CH3CHO  + E2 –Ac,Lipoique oxyde → E1 – TPP + E2 

–Acetyl – Lipoate 

A

(-

SH)AA

3)E2 Acetyl – Lipoate + Coenzyme A - SH →  

     Acetyl – Coenzyme A + E2 – Acide Lipoique Reduit  

(E2)

FAD

4) E2 – Acide lipoique Reduit + E3 – FAD →  

    E2 – Acide lipoique oxyde + E3 – FADH2 

FADH2

NAD
+

5) E3 – FADH2 + NAD
+
 → E3 – FAD + NADH + H

+ 

NADH2

ATP
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32

NADH2
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 الكيمياء الحيوية
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SorensonpH

pH = -log (H
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pH9

11pH

pKapH

Thymol blue1.71.22.8

Bromophenol blue 4.035

Methyl red 5.04.36.1

Bromocresol purple 6.35.57.0

Phenol red 7.96.88.2

Phenol phthalein 9.78.310

12pHpH meters

pHpH

Electromotive force (e. m. f.)
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pH

pH

Calomel electrode

Hg2Cl2KC1

n. 241 volt 25pH

E

E = E ref - E glass 
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PHa1PHa2PKa3
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3.14.85.4

6.410

4.8

3 18.1

Tris 8.3

HEPES7.6

Tris = N – Tris = (Hydroxymethyl) aminomethane 

HEPES = N-2 Hydroxyethyl piperazine -N-2-ethane sulphonate 

14Titration Curves 
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 10-Keto-9, 10-dihydro anthracene0.2
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Bial's test

FeCl3
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231Fehling's test

CaSO4

Cu(OH)2

CuSO4 + 2NaOH → Cu(OH)2 + Na2SO4 

Cu2O

CH2OH – (CHOH)4 – CHO → 2Cu(OH)2 → CH2OH – (CHOH)4 – COOH + Cu2O + 2H2O 

Cuo

 1 

Gluconic Acid 
D-glucose 
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(CHOH)4 + 2Cu(CH3COO)2 + 2H2O → (CHOH)4 + Cu2O + 4CH3COOH 
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CH2OH 
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CH2OH 
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31Fermentation test

C6H12O6  
       

→     2C2H5OH + 2CO2  
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48The Iodine number of a Fat 
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68The ninhydrin reaction

Tri keto hydrindene hydrate
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8

4 

24
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2 451
3

411
3

9

3 4.8NaCl

4 1.1255.8
3

1.125

5 2

4 5
3

414541 

2 2
3

5
3

pH

414 

3 

414 

4 414

 

5 

 

6 

 

7 

V
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1.125 

 ملي مىل امىنيا 3الحمض المستهلك سم الزمن
ميكرومىل 

 امىنيا/ليتر/دقيقة
2 
4 
6 
8 

5.2 
5.2  +4.6 

1.43 
1.245 

 

112

2

43

3

 PH8.69

Mg , Sr , Ca

51251

4PH=7
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374

1

6

25
3

21.11

31.11

4

4 41
3

 

2 4
3

1.4M 

3 374

45 

4 3NaOH1.4

M

 

5 4
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Spectrophotometric Analysis

121

 

 

 

NADH

NADH341NAD
+

NAD
+
, NADH

 

 

nm

10
-9

 

411711

381435nm651

781nm

781nm
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381nm

P

Po

T

T = 
 

  

A 

A = - log T = - log 
 

  
 

Beer- Lamberts Law

 

A =  ε L . C 

A

ε

L

C

TT

A

A = 2 - log % T
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TA = - log T

A = - log 
  

   
 

 

A = - log % T – (-log 100)

A = 2 - log % T 

AT

411

122

8

4 

8

2 

3 
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4 

5 

6 

7 

AT

123

21

 

  
 
 
  
 

 

 

A1

A

C1

C
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9

9

 

T4565A

1.21.8
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Chromatographic Analysis

131

Michael Tswett49134916

 

Chromatography

4Adsorption chromatography 
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2 Partition chromatography 

3 Ion - Exchange chromatography

4Colum chromatography  

2Paper chromatography

3Thin - Layer chromatography

4Gas chromatography

1LSC

silica GelAlumina

2LLC

3GSC 

4GLC

JAMESMARTIN4952
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5HPLC
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6IEC

Resine - NH3
+
. OH

-

 

Resine - SO3
-
.Na

+ 

 

7P . C
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Whatman423

Rf

 

Rf = 
       

       
 

8TLC 
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9Gel Filtration

dextran

411

11Electrophoresis

Cathode

Anode

132

4 G 

2  

3 411 

4  

5  

4411334

45
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41131

7121
3

313

25
3

۔6141

25
3

33

4145

23

2

41

11

34
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Rf

 



527 

 

A 

Acid

-- Value 

Activator 

Acceptor 

Absorbance 

Adsorption 

Aerobic Respiration 

Alcohol dehydrogenase 

Acid value 

Alcohol 

Aldehyde 

Amphoteric polyectrolytes 

Analyser 

Aniline acetate test 

Anthrone reaction 

Ascorbic acid 

Alcoholic Fermentation 

Aldose 

Amino acid 

Amphoteric 

Amylase 

Amylopectin  

Amylose 

Anions 

Anaerobic Respiration 
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Argine 

CAscorbic acid 

Asparagine 

B 

Biuret 

Biological oxidation 

Biosynthesis 

Blank 

Buffer solution 

Barfoed's test 

Benidict's test 

Bial's test 

Biuret test 

Bromocresol purple 

Bromophenol blue 

Buffer solutions 

C 

Calciferal 

Cations 

Carbohydrates 

Chromatography 

Chromatography Ascending 

Chromatography Thin Layer 

Chromatography Colum 

Chromatography Paper  

Chromatography Descending 

Chromatography Tow dimensional 
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Chromatography Gas liquid 

Chromatography Partition 

Chromatography Ion-Exchange  

Calciferols 

Calomel electrode 

Carotines 

β- Carotene 

Carotinase 

Carr - Brice test 

Coenzyme 

Cholecalciferol 

Cholesterol 

Chromatography 

Combined electrode 

Cobalt sulphate 

Coagulation 

Coefficient 

Co-factor 

Colloid 

Colum 

Constituents 

Concentration 

Condensation 

Control 

Crystallization 

Cystine 

Cysteine 
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D 

Density 

Dehydration 

Desiccator 

Dehydroascorbic acid 

Dehydrocholesterol 

Dextrorotatory 

Decoloration 

Derivatives 

Denaturation 

Determination 

Decomposition 

Dehydrogenase 

  Deoxy-ribonucleic acid (DNA) 

Deoxyribose 

Dextrin 

Dialysis 

Disaccharide 

Distillation 

Disulphide bond 

Diffusion 

Electrophoresis 

Emulsification 

Enzyme 

Enzyme substrate complex 

Enzyme Unit 
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Equivalent weight 

Estimation 

Evaporation 

Extraction 

E 

Electromotive force 

Electrophoresis 

Enzymatic browning 

Ergocalciferol 

F 

Fat 

Fermentation test 

FAD 

Fatty acid 

Fermentation 

Fractionation 

Fructose 

G 

Gas chromatography 

Galactose 

Gel 

Globulin 

Glucose 

Glucides 

Glyceride 

Glycerol 

Glycogen 
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H 

Heavy metals 

Hopkins Cole’s test 

High performance liquid 

chromatography 

Hemoglobine 

Heterocycle 

Hexose 

Hydrolysis 

Hydrolase 

Hydrophilic  

Hydroscopic 

HPLC 

I 

Indicators 

Iodine number 

Iodine test 

Isoelectric point 

Isoprene 

Identification 

Impure 

Indicator 

Inhibition 

 Inositol 

Iodine Value 

Ionic 

Isoelectric Point 
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Isomer 

Isolation 

K 

Ketoses 

Ketos 

L 

Lambert - Beer's law 

Levorotatory 

Liebermann-Burchard's test 

Lactose 

Lecithin 

Lipase 

Lipids 

Lyases 

M 

Magnetic stirrer 

Methyl red 

Millon's test 

Molisch’s test 

Maltose 

Mannose 

Molecular activity 

Monosaccharides 

N 

Naphthoquinone 

Niacin 

Nicol prism 

Nicotinamide 
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Nicotinic acid 

Ninhydrin 

Nicotin amid 

Nucleosides 

Nucleotides 

Nucleic acid 

O 

Osazone test 

Organic solvent 

Oleic acid 

Organic 

Oses 

Oxidation 

Oxidase 

P 

Pellagra 

Pentoses 

pH meter 

Pharnoquinone 

Phenol phthalein 

Phenol red 

Protocolorimeter 

Phylloquinone 

Polarized light 

Polarimeter 

Polarimetery 

Polyphenol oxidase 
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Precipitation 

Prosthetic group 

Pyrex 

Palmitic acid  

Pentose 

Phospholipids 

Phosphorylase 

Photopigments 

Polysaccharides 

Polarography  

Proteins  

Preparation  

Precipitation 

Prolin 

Prosthetic group 

Purification 

B6Pyridoxal 

R 

Reagent 

Resorcinol 

Rf 

Reducing sugar 

ARetinol 

B2Riboflavin 

Ribonucleic acid (RNA) 

Ribose 
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S 

Saccharomyces cerevisiae 

Sakagushi's test 

Salt 

Saccharides 

Saturation 

Saponification 

Saponification number 

Salting out 

Separation 

Solution 

Solvent 

Solubility 

Specific gravity 

Specific Activity 

Spectrophotometer 

Standard 

Starch 

Substrate 

Surface Reaction 

T 

Test 

Tetrose 

B1Thiamine 

Thin layer chromatography 

Titration 

Transmittance 
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Transcription 

Triose 

Triglyceride 

Tyrosine 

U 

Unsaturation 

Urea 

W 

Wax 

X 

Xylose 

Y 

Yeast 

Z 

Zwitterion 
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5 5992 

2 5975

3 5985

4 5986

5 5989

6 5985

7 5986

8 5995
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