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STRUCTURE & BIOLOGICAL FUNCTIONS OF SOME COENZYMES

1. CO-ENZYME A (COA-SH)
Itls a part of enzyme wihich catalyses biological acylation reactions, i.e., # helps
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PROSTHETIC GROUPS & APOENZYMES _

ém know_enzymes are protein molecules. Some enzymes are simple proteins,

l.e., their molecules consist of only amino acids, whereds others are cohjugated

proteins. The non-protein part (non-amino acid) of a conjubated protein or enzyme
is known-as-prosthetic group.The two fragments (protein + prosthetic g

Co-Enzyme Chem; try /I

ic group) of some.

conjugated proteins (enzymes)

can be se

parated by dialysis and it was seen that

dialysis of such enzymes resulted in the loss of catalytic activity of that enzyme; but
the activily can be regained by mixing the two se
clearly indicates that the dializable component is necessary for the protein to act as
an enzyme & hence this dializable material (prosthetic group) is termed as
co-enzyme, the protein part of conjugated protein is known as apoenzyme and the
intact molecule or conjugated protein as holoenzyme.

Holoehzyme (enzyme) === Apoenzyme + o.am:!_._._m
Conjugated protein=—=

Carboxylase =—

Protein + Prosthetic group

Protein + Thiamine Eau_..o%:m_m or

Co-carboxylase.
Thus Co-enzyme part is necessary for the activity of the enzyme. But,

now=a-days term _cofactor is used in general way & coenzyme specifies for those
co-factors which are organic molecules & participate in the'catalytic process. For
example,-in metalloprotein enzyme, the metallic ion is not the co-enzyme|but only
organic, prosthetic group constitutes the oo-m:~<3m.ﬁh@:m every coenzyme i$ a
cofactor but every co-factor is not co-enzyme. Most _of the coenzymes are
nucleotides and are_composed of vitamins. Co-enzymes may be classified according
to their function into hydrogen-carrying & group—carrying co-enzymes & co-factor
group: '
() Hydrogen Carrying (2) Co-factor
Coenzyme: Biotin
~Pyridine nucleotide .\.ﬁf:M\lePml

(3) Group-Carrying Coenzymes
Adenosine phosphate
Uridine phosphate

parated components. This fact

/

in_transferring the_acelyl grau )
l eslablished by a series of seleclive enzymatic degradatons.

p_from Qne_compound 1o anotnes] It structure was
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It participates in all biosynthetic processes which proceed by way of two carbon
units, thus coenzyme A is involved in carbohydrale metabolism, in the biosynthesis

o:n@am_gmﬁmaoam.m.zn.m_maamE.n_mem\m:ama_am_w:_
\ Biosynthesis of fatty acids: Acetyl coenzyme A, CoA-SCOCH,, undargoes
v mmz.nozam:mm__.o:a_oqa mom_omomz_.oom;QBm..pzznsmmno:.anwan.b

“Q, butyrylcoenzyme by various reactions.

Ay

CoA—SCOCHzH + CoA—S COCH; === CoASCOCH,COCH; + CoA—SH _

t
v

N\

CoA—S COCH=CH—CHa 2 GoA—SCOCH

Oo>|mooo_._mnznoxu Butyry! coenzyme A.
4 We see that two carbon atoms are added in acetyl-CoA to form butyryl-CoA;
butyryl-CoA now again condenses with acetyl-CoA and in a similar manner forms

butyroacetyl-CoA; repetition of these sequences finally leads to the formation of a
long chain fatty acids.

OOberO_OIm.nIerI.mlI +COA-SCOCHy —s 00>nm‘oo.OINOImOI~OOOIu

vin nucleotide

o4+ Ascorbic acid

Cytidine phosphale

()

Choline Guanosing phosphate—# 0
Inositol Sugar phosphate
Glutathione —Thiamine pyrophosphate.
Vitamin K. ..

) ,_~Coenzyme A——{p (0L
¢ '\ _Pyridoxal ﬁ
.Aw. i/ ’ﬁ P sl -

phosphale

() Reduction
: : (@) —Hz0 .
1l w, (i) Reduction
wc, D P Hydrolysis H|OH
o/ HOOCKCHz)4CHy + COA—SH 21 _con_ | Co(CHy),CH,
X Fatty acids »
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Isopentyl pyrophosphate and B:®
ursors of tempenoids & sterojds
A. An example is given below:

(A ) ,\m_om?:ﬁu_m of Terpenolds & Steroids:
.a_am_E_m__sEauzomu:ma which are the prec
biosynthesis are synthesised with the help of CO

._a_\,v .
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Structure of Co-enzyme A: Emmo hydrolysis_coenzyme A gives
pantothenic acid, adenosine phosphate & an unidentified sulphur-containing product.

Further, it was observed that one molecule of adenosine & three molecules of

e e e

phosphale were produced for each mole of pantothenic acid. |

=" 0Out of thé three moles of phosphates one was found to be present as
monophosphate and the other two as pyrophiosphale esfer_grouping.~ By~the
enzymatic studies the monophosphate ester was_found 10 _be present m_fmmm
Hv.w%ao: of ribose portions of adenosine moie of he Sm.:~<3mL2§__:m
hydrolysis of coenzyme A yielded pantothenic mnma.&.n:omusm\gm vihich indicates thal
the pyrophosphate group is present as a bridge between the 5-position of adenosine

and 4’-position of pantothenic acid.
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The struclure of the sulphur-containing compound w23 €3
2-aminoethanethiol since it was found 1o be degraded product ©
compound obtained from coenzyme A).
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pantothenic acid) in the coenzyme A. Ribose sugar was 2lso onz .od the degracaion
products of COA. Hence the structure of coenzyme A may be writlen 252

o .
0 ) CH; o o .
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(Il) Thiamine Pyrophosphate [Co-carboxylase]
The biclogical activity of thiamine is mainly due to its pyrophosphsis ester
(Co-carboxylase) moiety. The enzyme carboxylase, which requires the ce-enzyme

“co-carboxylase_for lhe action, breaks. down pyruvic acid into acetzidshyds i

fermentation and carbohydrate metabolism,, C T\w c @ﬁﬁ

-y ~id
A At e CHzZ (o
G 072 6¢r,.C0 COOH 2™, CHLCHO + CO,
T Pynuvic acid i

The’enzyme is also responsible for the oxidative decarboxylation of pyruvic acid

& a-ketoglutaric_acid into citric & succinic acids respeclively in respiration (Kreb's

cyclic). \
- CH,COOH CH,COOH
Lo HyCO.CooH S20ase m.asooo:
._“ ! Pyruvic acid m_._noooz
Oxaloacelic acid Citric acd
CO-COOH CO-COOH
M Carboxylase _ Carboxylase ChzCOH
HCOOH ——"=5 CH, /= +CO,
m m [0 CH,COOH
Hz:COOH HpCOOH Succnic acd
Oxaloasuccinic acid a-Keloglutaric acd . -
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The structure of co-carboxylase is:
NH,

B°
b,

m
H, n F I 1
CH,-CH,-0—P—0—P—0N
. ¥ L]
OH OH
(i) Pyridoxal Phosphate [Codecarboxylase or Co-transaminase]
PITOTE TROSOEE S veer U Oy PIISpToTYiEtion of pyridoxal. 1t is involved
© 2 numder of mponant metabolic reactions of the a-amino acids, e.g.,
raasamnaton, rEosmizalion, decarbaxyiztion and elimination reactions.
7 tensamnaion the @mn0 &d is converted into keto acid and vice-versa,

v,

=/ g R?

MU A I
S00s n_Uol mo,ni ﬁ_ng

Anmaia

S s msrsomersion of giitamie 20d mo s Keto 2cid & of 2 keto z¢id to amino

=
N
v N
| _
m HOOC—C .Js.,fQ.fc i + HOQC CH, GO CO0H
i Gtz =d LESELY
_. s_‘, Pyodoa! phagiee
I A ey
1
i

HDQC 00-C+, 00000 + HOOC G, CH COOH (Aspartic 2cid)

Simnetion reachions @® 2so cat=lysed by an enzyme having pyridoxal unit in
s stuchre, £g, corversion ©f s=rine into pyruvic &cd with the eliminztion of ene

NHy
Ny |
§ i HO Q‘|OJQ../.L H.0
O, C—CH—000H —— r —— CH;COCO0H + NH3
Sere MQI. C—0004 Bynuvic 254
I
' L b 1

HOR 008 03— 0008 — ?,?.8?.65 +NHg
Ol VC g
drp sanymes whith decsrhondate aming acids alse require pyncoxal
ine from histidne. The general
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The structure of pyridoxal phosphate is.

oH
I CHO
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2 I tptmiprgise o= v o v ammnmme —= b
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It is also known as DPH (] n;omunou.\a ucleotice) or Codehydrogenase
I or Coenzyme | or Cozymase. NAD? stznds for nicotinamide adenine
- ~

dinucleotide. This is hydrogen transfer co-enzyms & s zTtvily 5 Cu2 1O
nicotinamide. Il accepis Enammu from substate (which s oxiciseC) enC en
transiers step by step to other compounds such as flzvoproizn, cyiocoms D,
cytochrome c, cyiochrome n and cytochrome oxidzse. The l2st compound gves 15
hydrogen to oxygen, forming weter. The overzll result s cxidzfion of substzz.
Transference of hydrogen is reversidle and stereospecic.
g

——CONH,
N

CONH,

One important use of NAD® is its use during the alcoholic fermentation where
CH3CHO is reduced to ozwoz)o_._ by means of NADH.

(V) NADP® [Nicotinamide Adenine Dinucleotide Phosphate]

U is also kaown as Coenzyme Il or phosphocoenzyme or TPN
ﬁqﬁ;?nzov«a ne nucleotide) or codehydrogenase—it: It has one additional
phosphate group apart from DPN malecule in position 2° of ribose molecule of
adenosine. It also helps in dehydrogenation.

Structure: NADP® on hydrolysis by a nucleatide phosphatase gives
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