Vitamins



Classification

* Vitamins are classified into two major groups: ! "
— Fat-soluble 4-(44 fat soluble)w_Vitamin A, D, E, K.
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— Water-soluble (9 water soluble)
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Thiamin (B 1)

Chemistry:
* A substituted pyrimidine joined by a

methylene bridge to a substituted thiazole. M“‘dl“"”‘ \clgge

Requirements: 1-1.5 mg/day for adults.

Higher needs in pregnancy, high CHO diet 3N \""
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Plant sources: whole grains (unrefined cefédl grains), beans, peas, nuts and

bran.
Animal sources: liver, heart, kidney and milk.
Yeast

Activation (Co-enzyme):

Conversion of thiamin to its active form thlamln pyrophosphate (TPP)
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- Approx1mately 90% of total thiamine in blood is in RBCs. Subets
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- Thiamine uptake and secretion appears to be mng ated | by a soluble
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¢ &, P I R Y]
1 & 2 (human THTR-1 & 2)]. o i 33 bt S

Yo Qreven
Storage: of thiamine occurs in muscle, heart, brain, hver, and kidneys.
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Thiamin:
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Thiamine + ATP — TPP + AMP (EC 2.7.6.2).
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Functions
* TPP serves as a coenzyme transferring an activated aldehyde unit in

1 the follo g enzymagie rea@%jq iy St P

Oxidative decarboxylat\!cg\ ' of %&5 sy AP gt
2. Transketolase reactioi n"(pent%se phosphate pathway, PPP). It is

used for the biosynthesis of pentose sugars de,;LrllLse and rllgose

yrackwe ot
3. Acetylcholine synthesis which is one of neurotransmltters and for

myelin synthesis.
* |Importantin:
— Producing energy from carbohydrates
— Nerve function
— Muscle function
— Appetite

— Growth SJQ\/\[:VQ}QA’@Q&.L
* Therapy: It can be used for treatment of Heart failure & Alzheimer

disease.




vacbgﬁsgeﬂisﬁh :

"< N\
[y

(o

e S\ Eole o LY &

P, |- Aeercaseel \wlalng
Deﬂmency%M | g urinat

Causes: 3. pala %ﬁmvx .
* Low intake, malabsorption, and/ or defective phosphor/yéit)ion” Wﬁ,};’f
to TPP &\TQQB G oCe gohe Fban 2 )Xol |
. ) colv mw,};%w)‘

_,8/

Sy Linls R se A YU o2 00 /S 2

N Mwﬂ

Antithiamine factors : These are enzymes present in the viscera of
_agd many microorganisms . They cause cleavage of
. oo f’\f\ b9, . e g . .

tlAy/efmm producing pyrimidine and thiazole rings so they are called
thiaminases. These antithiamine factors cause an isolated thiamine
deficiency. Plant thiamine antagonists are heat-stable; for examples
caffeg: acw\lL@_d./t?[nng\céa.md. Th.ese compounds.mte?ract with the
thiamine to\g‘fijdlze,thﬁ thiazole ring, thus rendering it unable to be

absorbed.

Alcoholism : Chronic alcoholism gives the manifestation of
moderate thiamine deficiency. This is called Wernike korsacoff -

syndrome. Alcohol interferes with abis)rption
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Manifestations of thiamine deficiency

1. Mild deficiency: leads to
Gastrointestinal complaints
Weakness.

2. Moderate deficiency:

Wernike korsacoff , syndrome
Peripheral neuropathy. =& “0

Mental abnormalitieswjfﬂz'ﬂm"

3. Sev?re tt.uamln ;g;;gﬂeﬂ o /

A.Beriberi "/ amen A 4 v )ORO)
* Dry beriberi is characterized by advanced neuromuscular symptoms: e
Atrophy and weakness of the muscles o » r/éu w€ ‘i)
Peripheral neuropathy 2\ Wi\&a\w & A@W j Sﬁ,;)
Memory loss. M\ « YM \"\fg}s o

* Wet beriberi: the previous symptoms (dry beriberi) are coupled with oedema. M“
B. Wernike korsacoff , syndrome e v



Riboflavin (B 2) ghaon

Chemistry: It consists of a flavin ring attached to the :Iﬁi:ﬁ"
Icohol D- ribitol. c Ne N0
sugar alcoho Col )\ WQw\ré Ha :@: I/\"«; -
J/JCQ enzyme forms— = Q. —> }\}) Vmw N HaC NN
@ Flavin mononucleotide (FMN) is formed by é}}}; PR I
dependent phosphorylation of riboflavin. ot ) s N
 Flavin adenine dinucleotide (FAD) is synthesized by WVJ“" ADEN'NEN/C‘\C N

a further reaction with ATP in which the AMP mmety% A a\::{ T T

0 HC—0——P—0—P—0—P-0"

of ATP is transferred to FMN. Biosynthesis of FMN v M A/ LR @ o 0 o

PHOSPHATE GROUPS
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and FAD occurs in most tissues. L% we) I
A D < ) (a) Adenosine triphosphate < ATPf
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HC—OH H([:—OH HC—OH
HC—OH Hé—OH HC—OH Adenine
H,C—OH H;.[C—O P H,C—O P —<P>—Ribose
Riboflavin FMN FAD
(Vitamin B,) (Oxidized form)

© Elsevier. Meisenberg & Simmons: Principles of Medical Biochemistry 2e - www.studentconsult.com



Absorption

o) (Y ot be\ N 2 L6 o)\ s e
W d"”ﬁn diet, riboflavin (RF) exists in the free and FMN and FAD forms. They are

W hydrolyzed to free Rf by intestinal phosphatases.

4
(W_} RF absorption in the intestines involve a specific carrier-mediated
pyrefs ifhechanism for Rf uptake located at the apical membrane & across the
oz BLM.

o
¥Y % Both RFT-1 (RF transporterl) and RFT-2 are expressed in intestine./‘x
}wyw RFT-3 is more brain- specific.
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Riboflavin and its catabolites



Sources

] Animal origin:liver and beef, milk, dairy products, fish, eggs, nuts

Yeast

] Plant origin: Green leafy vegetables, nuts, of smaller quantities in cereals.
Function:

* Involved in energy metabolism (ATP production): Participate in
] Oxidative decarboxylation— ot b NS
[ Citric acid cycle = 15
] Beta-oxidation of fatty acids

Electron transport

* Associated with antioxidz

& o”’?ﬁk il
athione reductase
duce GSSG to two GSH.)
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: Chemlcal_ stru.ct.ure of vitamin B2 is ........ S cornat] 8 W_%%
[flavin + ribitol ], fluorescent, light sensitive, heat stable.

=— 2 H
: . . ole molecu
. Active form (Co-enzyme) of vitamin B2 is ........ @Mﬁ@f " ;ffa
[FMN & FAD] Jo be converled in10 2

.. lecu le
. Its function is to act as ......... 4:0/2%&1\“ ¢
[prosthetic groups of oxidoreductases] <0 His o enzg™e ach 9 W»ﬂ

.. oxickin enk.
. Reactions requiring FAD are: s nbioickint 94N

a- [oxidative decarboxylation of a keto acidsas PDH —— Energy (ATP)
b- [C.A.C.] —> Energy (ATP)
c- [ b -oxidation of F.A.] — Energy (ATP)




symptoms of deficiency

Related to Energy production (skin & mucous
o) membrane inflammation). inflomwbion o4 He mﬁffhtﬁ Jhe

In Sov iclonzy
a) (\(ﬁOSSItISd& angular stomatitis (Inflammation of the® fisaris
lining of mouth and tongue). ol

\/vi\ ¢ Keratitis , detmatitis (Dry and scaling skin).
Fy< CheI|OSIS (cracked and red [lips).
* Ocular manifestations (vascularization of corne?
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* Deficiency occurs in newborn infants with /'l W\\B‘\
Mhyperblllrublnemla who are treated by phototherapy(
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é@ ()gzZ NlaC|n (B 3) OCOOH @conu,

cu\? N
L p}@‘m") ¢ Uj\’w’% a\fb % }mlw gj&leN'aC'” (nicotinic acid) : Nlaglnam'léj \
nicotinamiae
Chemistry: i ©° O;\M \)WWM Wxﬁ
* Nicotinic a01d is a carboxyhc ac1d derivative of pyridine.
Synthesis: PLP (vit. B6)
JefiWJW‘Tryptophan —— — ———— Niacin (vit.B3) (insufficient)

* most people require dietary sources of both tryptophan a&cwl 1acm

1«« o
Sources: >oxd‘;( 0
\
* Food stuffs containing nicotinic acid: as B & % MWW "
* Tryptophan containing proteins ](v e

Functions: niacin required for the synthesis of " (nicotinamide adenine
quo:@cleotide) and(NADPT (nicotinamide adenine di-nucleotide phosphate)
er d NAD™ and NADP™ are coenzymes of many oxidoreductase enzymes.

ke Generally, NAD"-linked dehydrogenases catalyze oxidoreduction
reactions in oxidative pathways, e.g. the citric acid cycle.

* Whereas NADP"-linked dehydrogenases are often found in pathways
concerned with reductive synthesis e.g. the pentose phosphate pathway.
« NAD'+ AH>
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+Structure of NAD

NAD- . NADH+H
Nicotinamide Adenine
| | AMP
Ribose —P-------—---P----Ribose
NADP+ » NADPH+H-
Nicotinamide Adenine
] | ] AMP + P
Ribose —P-------—---P----Ribose-P




reduction of NAD+

NAD+

QCONH,
\N QZH =H+e+H+

N

ONH2

NADH + H+




* Reactions requiring NAD+ are:

a- [oxidative decarboxylation of a keto acids as PDH]— Energy (ATP)
b- [C.A.C.] > Enecrgy (ATP)

c- [beta oxidation of F.A.] e Energy (ATP)
compikHve i oo
BRI o Lok Jonlq raeloc
.. =\ mehho brexehe (ankicancey” (.,SJ-‘A
* Reactions requiring co-enzyme NADP+ as: WW M
Glucose-6-phosphate dehydrogenase (NADP+ 'QQWMA‘H /) SCW’“ W
Folate reductase (NADPH+H+)
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intestinal niacin absorption process: intracellular protein- £
tyrosine-kinase-mediated pathway regulates vitamin uptake. \
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- 1n elderly on very restricted diet.
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- Hartnup disease (decreased tryptophan absorption)
- Malignant carcinoid syndrome (increased tryptophan
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metabolism  to serotonin) _ oy ghmmaifar shinlatory s 2055 5
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* Deficiencies found in southeast if subsisting on diet
of corn ; niacin is bound by protein. Pelagra is very

rarc now | Jerm}fhps

* Deficiency:

* Milder deficiencies of niacin cause: k

(] Poor appetite, fatigue Seplosy
ppetite, 1atigue. oo

Dermatitis, Diarrhea.

* Severe deficiencies lead to pellagra which 1 \

characterized by “the four Ds”: dermatitis, diarrhea, *
%2 ~-dementia (lack of concentration) and death.

. Derrgatitls 1S gsually seep in skin areas exposed to 1 e exposed aren
sun light and 1s symmetric. (oL Wt Gbls!)

' mhico fw@
. ij neurologic symptoms start by nervous e ; \Lbbh =

disorders and mental d1stumg@ces
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%ﬁ%ﬁ'%m& bem penile gland (o5 220)

Pantothenic acid (B 5)
Absorption ifs not abeorbed.alme

*For the intestinal cells to absorb pantothenic vitamin, 1t must
be converted into free pantothenic acid.

\2? @antot@mﬁaﬁi and Bioti 1s absorbed into intestinal

e o sEn0), v

\Z“§ ells via a sgturablg& sodium- Mendent active transport system.

,((3 P Jalhe ey amovnk- (Jav\}olrw/mc accd s - wi\l Jdicredet qune ybsorbition - piokin on vice vérsa.
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&
s& * At high levels of intake, when this mechanism is saturated,
) some pantothenic acid may also be absorbed via passive

diffusion. As 1ntake increases 10-fold, however absorj;’d Zg/

decreases to 10%. +© 8\\/‘6 Q}\UY\CQ olosor
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Five 1o chunce Fovr abSorblrin, -

I. Chemical structure 1is ........ [Pantoic &
2. Active pantothenic acid is ........... [ 4-phosphopantotheine ]
c - . gw ’

@5\2;, 3. Active form ent e structure of ...... " ) qorc wcd L%If’
[ /= 4-phosphopantotheine + AMP :le@«jﬂ%j Mo
&}’ : p. P p. CO Qﬂ% ﬂd’ﬂ&hm

. ; acyl carrier protein
B
4. Its active group is: ....... [ Thiol group ]

5. Its function as is: [ Carrier of acyl radicals ]. coenzyme A used in

S
energy metabolism {/(H QA }d p fs\C__g“‘/ ﬁd | 0g
th Jerepspea l I)
Pantoic acid f-Alanine ECMH b 9 ¥ G

59 J
f"*_-\f-*_'\ U/ﬁé)gw)\ 12)\/—BOL,AW'VOOQSH‘EA}0
H,C OH D L i \ PR SPA?O’
H

C-N=CHz=CH,~C-N-CH,-CH, SH

4- Phosphopantetheme
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_,-Adenipe | ~ Thioethanolamine
1 | |
ibose — P — P — Pantothenic acid

AP

6- Sources are: [as B1]

| Structure of Co-ASH

7- Reactions requiring COASH:~
a- oxidative decarboxylation of a keto acids —Energy. “pclate —> Aée‘j] )
b- oxidation of Fatty acid |, ... orthe e indligx.s U z= B\Mm;caczol_?oc—glwm coh -
e- acetylating reactions as acetyl choline."\ <
8- Reaction requiring ACP is : [ Fatty acids synthesis ] g2
&g{w\m)’@g L‘p(é% S\ ol el ,wud)ta_«gc I e o5 g Al )2l - ‘YT)C’UJ—\ >)
N . A . : ) L
.0’ e Destruction: Easily destroyed by food processingy”
g y y p g

* Functions: Part of coenzyme A used in energy metabolism.

* Deficiency: rare because it is very widespread in natural food.
- Nausea, vomiting. -Easy fatigability. -Dermatitis.

- Depression, neurological symptoms (disorders of the synthesis of
acetylcholine). Numbness, muscle cramps, inability to walk.

- Burning foot syndrome (severe burning and excessive sweating).
i \y prinful] oédnj I} holray 10 fepl
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Pyridoxine (B 6) OH

Chemistry: _OH
- It 1s a water soluble vitamin HO |
- A pyridoxine derivative N CHs3

- Consists of 3 closely related compounds equally effective as precursors

fit PLP doxal phosphate
of 1ts coenzyme (pyridoxal phosp JQ} «k 7T pacagoup aleahdle grogs
@ Pyridoxine (alcohol) CHND @
g ) Pyrldoxal (aldehyde) . k j SH-OH H—l ~SNCH-OH IIllC:' i CH-OH
N~ "N
6 PyridOXamine (amil’le) Pyridoxal Pyridoxamine Pyridoxine

- Pyridoxamine is mostly present in
- Pyridoxal & pyridoxine is present in

- Pyridoxine can be converted pyridoxal & pyridoxamine
- Pyridoxal phosphate (PLP) 1s the active form of Pyridoxine
- PLP 1s synthesized by pyridoxal kinase, utilizing ATP



H OH

HO NN o
N/
H+
L
Pyridoxine O\I%Je ff H 0
ATP 9
Pyridoxal kinase HO |
ADP ;@r/
H OH Pyridoxal
o-
“0,PO N
l Z ATP
l':ll’ \ Pyridoxal
kinase
Pyridoxine 5-phosphate @\\ \P ADP
. o>lZ Pyridoxine
phosphate
\({U\‘{\ oxidase
~{\;\.(\JP)(D)I‘B(‘\5 02 H o
NS )
BS’ & H,0, O
“04;PO =
N\ |
.&wwhk\‘n{ u*

Pyridoxal 5-phosphate

H_ _NH,

S

—

HO

N#
H
Pyridoxamine

ATP
Pyridoxal kinase

ADP

H_ _NH,

o
-0,P0 \

P
N
Pyridoxamine 5’-phosphate

Pyridoxamine
phosphate
oxidase

H,0, NH;
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Absorptlon v+ 1t Geeurs in ’proximal jejunum by passive diffusion

- In the mucosal cells, all forms of pyridoxine are converted pyridoxal
- Transport: It transported in the circulation bound to albumin

- Storage: It 1s stored 1in the tissues as its coenzyme form, PLP

- Mainly stored in liver, brain, kidney & muscle

- Excretion: 4 — pyridoxic acid excreted in urine

Biochemical functions

PLP is the coenzyme of B6 is found attached to € —amino group of lysine
in the enzyme

- PLP 1s associated with Amino acid metabolism ol 4T A
O

-PLPis involved in: ol to okefonad Jo
JyowSers - uming growp Fum @t

1- Transamination 2- Decarboxylation  3- Deamination
GRJLVY\CNM o Ccox fzﬂvxtf"”‘l g amine dep

4- Transsulfuration 5- Condensation
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@I "W conde (2] i i
s Transamination

- PLP 1s involved in transamination reaction converting amino acids to

keto acids

- Keto acids enter the TCA cycle and get oxidized to generate energy

- During transamination, PLP interacts with amino acids to form Schiff
base

- The amino group 1s handed over to PLP to form Pyridoxamine

phosphate and ketoacid is liberated.
40 Ymr m@&ﬁ@

0 et [
/_—\> %} ol oo I g)"\ \ic 4! d(

AW\\V\O all H @VWA Y e 5’»&0
XV\WWWQ a0 J\ N @ny{u\\l O L1 J/ o [&\cwww@
f " d( OANOSTS \qnm Fomsaminase A \T

Wagm@ms N mdeckive WQH lanine arine HONTHIT .



Decarboxylation

- o - Amino acids undergo decarboxylation to form respective amines
- The reaction 1s carried out by decarboxylases which require PLP
1- Serotonin produced from tryptophan 1s important in nerve impulse

transmission. It regulates sleep, behavior, blood pressure.
Jaylabor Decarboxylase(PL
Tryptophan —— 5-HydroxyTryptophan

5-Hydroxytryptamine
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2- Histamine 1s vasodilator lowering blood pressure

- It stimulates gastric HCI secretion and 1s involved in inflammation and
allergic reactions

3- Glutamate on decarboxylation gives GABA which inhibits

transmissig)n of nerve impulses e
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istamine ¢ - Histidine Py dr
N AL
VAR . \
L e " ) 7
Ly hypo FEM Decarboxylase, PLP granerm JWL,‘W ¥

Glutamate — e T2 P

o
CO2 L J\ o el -
;;)Jwéj}rm my/u}&gég ﬁg/@whﬂ) E(mnd/locﬁhsh’lchuﬂ j:;w\ld N o



- PLP Plays an important role in metabolism of sulfur containing A.A.s
-W from homocysteine to serine occurs in the synthesis of
cysteine
- PLP dependent enzyme cystathionine synthase
Deaminatiomyof hydroxyl group containing A.A.s requires PLP
PLP,@WM oy Wkt polecu e
Serine Pyruvate + NH3

- Synthesis of serine from glycine require PLP.

- Glycogen phosphorylase coor converting glycogen to
glucose 1-phosphate v

- PLP 1s needed for the absorption of amino acids from intestine

- B6 1s useful to prevent urinary stone formation




RDA (Recommended Dietary allowance) of vitamin B 6
- Adult men — 2 - 2.2 mg/day A
- Adult women - 2.0 mg/day SL
- Pregnancy and lactation - 25 mg/day
Dietary sources:
- Animal sources: egg yolk, fish, milk, meat
- Vegetable sources: wheat, corn, cabbage, roots & tubers

Deficiency
- Decreased dictary intake orsed) ,@{M,-W)
- Alcoholism
) Imp aired abSOI‘lf)tionJ7 moﬁf/ﬂos»r bHo -

- Antivitamins: chronic admin;streiiorﬁ of drugs such nd
: : bsor bHon Uik é ’
@\3 PM\?ZIQBQM?ASSF be supplemenied wi-Vik B 4.

Clinical features
- Neurological manifestations due to B6 deficiency, serotonin,
epinephrine, norepinephrine and GABA are not produced properly
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- The synthesis of niacin from tryptophan is impaired djf;oﬁ

- Xanthurenic acid, produced 1n high quantities is excreted in urine and
can be used as reliable index of B6 deficiency

- Decreased Hb levels, associated with hypochromic microytic anemia

. . \) ttlsxal phasphafy is YL
seen in B6 deficiency becouse pyrichoms| phospra
] co enzgirt in bl fiis+ rmh:l ]j;e/jmljj AL

S ERSIUN Ay )y ree Liosjrhes’ s =
@1 Ve gm0 Y o 7T T Toxicity of BE gpbase 970

- Excess use of B6 (2.5 g/day) may lead to sensory neuropathy
- It 1s manifested by imbalance, numbness, muscle weakness and nerve
damage
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Biotin (B 7)
- It 1s formerly known as anti-egg white injury factor or vitamin H
- It 1s water soluble sulfur containing B-complex vitamin
-Biotin mainly participates in the carboxylation reactions
carboylazes I es (o)
Chemistry
- It 1s a heterocyclic sulfur containing monocarboxylic acid
- Biotin 1samidazole derivative formed by fusion of imidazole and
thiophene rings with a valeric acid side chain b

- Biotin x%ovalently bound to & amino group of lysine to form@

A oo
Ao Coenzyme form

- is the coenzyme form of Biotin [ 1o be carboxylated

- Biotin 1s a prosthetic group of carboxylase
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- Biotin 18 required for carboxylation reactions g d-Cox = HX (Lierr

- Biotin 1s required for the enzymes 3 BioHN
- Pyruvate carboxylase @) prar@aniese
- Acetyl CoA carboxylase @ i s“’x
- Propionyl carboxylase QEJ @7{

- B - Methyl crotonyl CoA carboxylase

- Pyruvate carboxylase catalyzes conversion of pyruvate to oxaloacetate
CO2, ATP, pyruvate carboxylase

Pyruvate Oxaloacetate
e . Gimpartant i citric adcﬂ vl
ADP+Pi Biotin, Mg++/Mn Cagles, Tn phicorengernsis~ 3\@

-- Acetyl CoA carboxylase catalyzes the formation of malonyl CoA from

acetyl CoA, the reaction provides acetg}te molecule for fatty acid
synthesis 2 cubonn pvms Gk Coof

CO2, ATP, Acetyl CoA carboxylase
Acetyl CoA Malonyl CoA
ADP+Pi Biotin, Mg++/Mn
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- Propionyl CoA carboxylase catalyzes the formation of D — Methyl
malonyl CoA from propionyl CoA(from odd chain FA & methionine)
- It required for entry of Propionyl CoA to TCA cycle via succinyl CoA

CO2, ATP, propionyl CoA carboxylase
Propionyl CoA D — Methyl malonyl CoA
ADP+Pi Biotin, Mg++/Mn

B - Methyl crotonyl CoA carboxylase catalyzes the formation of § —
Methylglutaconyl CoA from [3 - Methyl crotonyl CoA
It is essential for leucine catabolism

CO2, ATP, B - Methyl crotonyl CoA carboxylase
B - Methyl crotonyl CoA B — Methylglutaconyl CoA
ADP+Pi Biotin, Mg++/Mn

- Not all carboxylation reactions in the biological system are biotin
dependent, few carboxylation reactions which do not require biotin

- Formation of carbamoyl phosphate il’l\/\,g“? IS
yl phosp Qrea cycle.. s

- Incorporation of CO2 1n purine synthesis SV =T o P



Dietary sources
- Rich sources are eggs, liver, kidney, & yeast, pulses, nuts, vegetables
- Poor sources are cereals & dairy products
RDA
- Adults - 200 — 300 mg/day

Deficiency
- Biotin deficiency is generally not seen in man because of AJ
I- Its wide distribution in foods _.# FIRE pacait @) P T
2- Synthesis of vitamin by the lﬁcterlal flora in the gut ’ (“279{?)
S g g i
Clinical features
- Severe dermatitis, weakness, & nausea
- In animals muscle weakness, dermatitis & loss of hair around the eye



- Avidin-biotin system 1s commonly utilized for detecticiqn of (ke Col L @
pathogenesis in @ used. in drogrosisl cliterom} diseess

- DNA 1s generally labelled by radioactive nucleotides

- Recently, biotin labelling of DNA 1s becoming more popular

- Biotin 1s added to nucleotides, which will be incorporated into the
newly synthesized DNA i,

‘ bac erlalglmgs such as sulfonamides
\ o
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Biotin antagonists
- Avidin ( Raw egg white injury factor)

- Raw egg white injury factor is a heat labile protein known as avidin and
1s present in raw egg white

- Avidin binds to biotin & makes its unavailable for absorption
swhw}'l‘mﬁ i+ de Ysu uble comptan d.

- Avidin 1s nactivated by boiling the eggs & biotin 1s readily absorbed
when boiled eggs are used in the diet

- One molecule of avidin can combine with four molecules of biotin
- Egg white contains Avidin & egg yolk contains biotin

- The affinity of Avidin to biotin 1s greater than most of the usual
antigen-antibody reactions



