Study effect of pH and Heavy metals on enzyne activity



Effect of pH

Changes in pH have inf luence on enzymes The nost favarable pH value is known as the
optimumpH Thisis the pant that the enzyne is nogt active This is graphically illustrat ed
in figure

Extrendy high a lov pH values generally result in corplete loss of activity fa nost
enzymes pHis asoa fada in the sahility of enzymes As with activity, fa each
enzyne there is also Changes in pH have inf luence on enzymes The most favarable pH value
is known as the gotimum pH This is the pant that the enzyne is nost active This is
gaphically illustrated in figure

Extrendy high a lov pH values generally result in corplete loss of activity fa nost
enzymes pHis adsoa fada in the sahility of enzymes As with activity, fa each
enzyme there is also a regon o pH gptimal st ahlity.

Changes in pH have inf luence on enzymes

Induding tenperature and pH there are aher factars such as ionic strength, which can inf luence
the enzymatic reaction. Each of these physical and cheical parareters must be oonsidered and
optimized in ader fa an enzymatic reaction to be accurat e and repraducible

Enzymres typicadly are nost activein apHrange of 5 9. Thisisduetothe fact that pratens
function in an environmet that reflects this pH There are a variety o reasmns as to why
pra ens have a narrov pHrange A variety of anino add residues as wel as the carbaxyl and
amide termini of prateins have a pKa range in the range o intracdlular pH As a reault, a
change in pH can pracnate o depra anat e a side graup, therey changing it's chanical features
Fa example carbaxyl termini, under depratonated, could patentialy lose an interaction with a
adjacent subunit, changing the enzyme conf armation. In condusion, this aonf armation cauld
cause a deorease in substrate af finity. A nore drastic pH change can change the praen
fdding thereby oonpletdy deactivating the enzyme a cause irreversible prat edysis

However, pH change can pa entialy be utilized by enzymes far regulation o praen
function.

1 The binding of the substrate to enzyne

2. The ionization states that the anino add residues o the catalytic ste of the enzynme have
3 The imization state of the substrate

4. The variation in pratein structure (Mare significant at extreme pH values).

The rates o many enzynatic reactions adhere to a bdl shaped curve when they are a function
of pH



Graph o enzyne activity as a function of pH Green high pH enzyne Blue lov pH
enzyme Crange- neutral pH enzyme

These aurves reflect the ionization state of the amino add residues that nust have a spedfic
ionization state fa enzymatic activity to take place The doserved pK's (mexina pant) often
hints at the identity of the amino add residues which are essantial far enzymatic activity.
Fa ingancg an dosarved pK of ~4 suggeststhat ether an Ap of a Gu is essntial tothe
enzyme pK of ~6 can hint towards a Hs residue whereas pK of ~10 hints toward a Lys
resdue

However, it is crudal to remarber that the miao environment in which the enzyne is in also
affectsits adtivity. Fao exanrple an Asp residue in a nor pdar environment o in dose

praximity to anather Asp residue wauld attract praans more strangy than in any aher
environment and this have a higher pK value

Mareover, pH effect s an an enzyme ocould cause denaturation of the enzyne rather than
pradnation o depraonation of spedific cat alytic residues

A particular resdue may be replaced by dang ste direct ed mutagenesis Daing so provides
researchers with a reiable approach to identif ying resdues that are required fa substrate
binding o catayss

Experimental procedure :

1 Preparation of dif ferent buffers of dif ferent pH like Aostate buffer(pH 3.6 to 5.6), Tris -
HO buffer (pH 68t0 9) ,Gycne NaCH buf fer (pHB6t 0 10.6) fdlowing the method in Chapter 1
2. Enzyrre alkaline phosphat ase as in the previaus chapter .

3 Substrate p- nitrgphenyl phosphat e sdution fdlowing the previaus chapter .



4. Praood shauld be as fdlows :

Tube pH o |[Buffer Substrate in [ Enzymre in | Time ™ Reading at
Na the added in | spedified spedfied far NaCH 410 nm.
buffer | mi. buf f er buf f er sdn .to
added added in|added in be added

m. m. in m.
1 5 0.5 0.5 0 In 1
1 5 0.4 0.5 0.1 1
2 6 0.5 0.5 0 au 1
2 6 0.4 0.5 0.1 1
3 7 0.5 0.5 0 1
3 7 0.4 0.5 0.1 ba 1
4 8 0.5 0.5 0 1
4 8 0.4 0.5 0.1 ti 1
5 9 0.5 0.5 0 1
5 9 0.4 0.5 0.1 m 1
6 10 0.5 0.5 0 1
6 10 0.4 0.5 0.1 At 37C |1

5. Draw the gaph o pHvs A ie, reading at 410 nm.The pH at which reading is
meximum that is the gotimumpH of the enzyne substrat e reaction under experinent .




Effedt of Heavy netals

Bact erial alkaline phosphat ase (ALP) is esstial far ef fident recyding o phospharaus in the
sal. However, sl pdiution by varicus heavy metals has the patettial to af fedt sal miordaal
ALP activity and adversdy affect sal quality. To assess the effedt of varlaJs hea\éy met

pdlutantscn E odi ALP, a systematic sudy to exanine the effedt of Od

CoCa

that Hg >, ou ™, andCd
inhibit ary, fdlcwed by cd ? ) However, Co ** had nrinar actlvatmg ef f et m ALP.
Furthermore as expected, divalet akaline earth netas IlkeCa " and I\/Ig " ativated the

enzyme

Co incubation studies suggest a cumulative inhibitary ef fect when Cu " and Hg
mahatedtogether with ALP. Interestindy, incubation of Ca deoreasesthelnhlbltcry effed o
Cd , however, no such pratection was doserved whenCa

Experiment al procedure :
1 Alkaline phosphat ase sdution preparation as discussed in previaus chapt er.

2. Substrate p nitraphenyl phosphat e preparation as discussed in previaus chapt er.
3. CaCl2, ZnS1 , M2, Cd(N®)2 sdlt sdutions of 20 mM of each shauld be prepared .

" was inaubat ed with I—g

4. Gycne - NaCH buffer of 0.0M and of pH 9 isto be prepared .
5. The fdlowing pratcod can be used :

TRl

(|nd|V|duaIIy as weII in carbinatian) on ALP activity was daserved Rallts show

"l readily |nh|b|ted E i ALP (I-g " and OJ " were nost

Tube |Buffa |Substrate |Metal ion Enzyme |Incubation | ™ NeCH Reading
No |added |addedin  |addedinml. |added |at 3°C  |addedin  |at
in m. . in . m. tostp |410nm
reaction

] 05 05 0 0 For ]

2 03 05 0 0.1 omins ]

3 0.3 0.5 ca® o1 |07 Meximum |1

4 0.3 0.5 Mg <01 |01 1

5 0.3 0.5 7n 20,1 0.1 1

6 0.3 0.5 od 0.1 0.1 1




* 6 Draw the bar diagram oonsidering the Tube 2 ( contrd) as 100 like the fdlowing .
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