Factorsthat Affect Enzyme Catalysis
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Factorsthat Affect Enzyme Catalysis: m
lonic strength: m=%2S(Z ?c))
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Conditions that cause protein denaturation:
Urea/Guandinium-HCI
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-Addition of urea or guanidinium hydrochloride (GIHCI)

-Urea and GiHCI both H-bond to proteins causing
disruption of the H-bond stabilization.

-Proteins unfold and remain soluble (usually).

Conditions that cause protein denaturation:
Soaps/Detergents
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Addition of soaps or detergents

Nonpolar portions of soaps and detergents
interact with protein R groups causing the
loss of the hydrophobic stabilization.

Proteins denature and remain soluble.




Conditions that cause protein denaturation:
Organic Solvents
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Addition of water-soluble organic solvents
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Solvent molecules interact with protein R "

groups causing the loss of the 5
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Proteins denature and often precipitate.

Conditions that cause protein denaturation: H*/OH-
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Extremes of pH

-OH" and H;O* both H-bond to proteins causing disruption
of the H-bond stabilization.

-Some proteins may unfold and aggregate into
denatured precipitates (solids). This is more common at
low pHs.




Factorsthat Affect Enzyme Catalysis. Temperature
Temperature
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http://www.biomtu.edu/campbell/bl482/lectur es/lec2/482enz2htm

Factorsthat Affect Enzyme Catalysis. pH

(NOT EXTREMES OF pH)
Bell-shaped pH-rate profiles

Fig8-17ab
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The enzyme active site has a minimum of two functional groups.
For the maximum rate:
Onegroup isrequired in the conjugate acid form, AH
Onegroup isrequired in the conjugate base state, B:
rate = k[E-AH][E-B:]




rate = k[E-AH][E-B:]

Fig8-17ab

2 £ 3] ] B 10
pH aH

Pepsin Glucose G-phoesphatass
(ah Th}

Examplesof AH =-HISH*, -CO,H, -SH, -NH3*, etc

Examplesof B: =-HIS;, -CO,, -S, -NH,, etc

H:B-E-AH © B-E-AH o B-E-A-
inactive active inactive

Active form has a maximum concentration
at thetop of the bell-shaped profile

What amino acids arelikely to be involved in catalysis?

Fig8-17ab
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ThepK, valuesfor the functional groups

involved in catalysis can be estimated by

looking at the pH values on either side of the
bell profile at ¥2 maximum velocity




PEPSIN?

pK, valuesindicate
very acidic groups

-ASP -- CO,H
-GLU -- CO,H

Fig8-17
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GLUCOSE-6-PHOSPHATASE?

Fig 8-17

pK, valuesindicate what amino acids?

log ¥y

“““ , v pK,~95
. 'Ii i " LYSor N-terminal (what form?)
PR CA sincerate9 with pH 8
pK,~6

HIS (what form?)
CB sincerate8 with pH 8

+:B-E-aAH o B-EAH o B-E-A
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Chymotrypsn Rate % ?
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Fig. 5-18, Log of the first-order rate constant of the deacylation of acetyl-
chymotrypsin as & function of pH. (Figure is redrawn from F. C. Wesdler,
F. L. Kiligm, and M. L. Bender, Proc. Nal. Acad. Sci, U5 65, 1120-1128
(1570).)
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What amino acid side
chain and what form of
thisside chain (CA or CB)
accountsfor thisincrease
inrateas pH israised?
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Chvmotrypsin  Why doesrate level off at high pH?

: _ | histidine
3 CH, his H CH,

e W

HN\/NH - HN\/

Mg kb b

T pKa = 6.0 + H

E-HISH* E-His:

) Inactive active
SR e i e e rate% [E-HIS]

[EQ] <<<<[S0] at all So; Eoisthelimiting reagent.

When all of the E-HISisin the CB form, the maximum
amount of the CB form is present.

Sincetherate [E-HIS], therate reaches a maximum value.

Problem Set: Notation

CHEMICAL BASISOF ENZYME CATALYSS

In the attached schemes, the enzyme active site is schematically r epr esented with abold-lined " box".
Theamino acid side chainsthat act as functional groupsi thesitearewritten in bold lines and letters
and are attached to the" box". Substrates areindicated in plain text.

Example substrate ﬁ)
C
o NNH-Y SR
n e
Example enzyme" box" Comm O s Hum g NN i, H = O CH,=""
for chymotrypsin: 2
NOTATION: ssssannnt hydr ogen bonding or other

weak interactions

'(F\ mechanistic arr ows




Problem Set: Catalytic Triad

Catalytic Triad of "
Serine Proteases is * £
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Problem Set: Sample Step #1
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Problem Set: Sample Step #2
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Problem Set: What isfunction of ASP?

CHYMOTRYPSIN
O
i’

1. KegpsHIS oriented. NNH-S ~g

2. Raises HIS;H* pK, making e Sutm g\ Nt 20
CA-HIS:H* a poorer acid, cr

but the CB-HIS: a better
base to attach the very weak |l | o
acid HO-SER! o R\NH//C\R
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Problem Set: Predict pH-Rate Profile

CHYMOTRYPSIN — — B ]

Deacylation of Chymotrypsin: pH-Rate Profile
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Mor e about Chymotrypsin

CHYMOTRYPSIN CATALYSIS OF
PEPTIDE AND ESTER HYDROLYSIS

PING PONG Bl BI MECHANISM

Ping Pong M echanism!

@] @)
R—g—ll\lR' H-NR H,0 R-—oH
H H
Sli Py T Sz l P2 T
E-OH E-O-CR E-OH
ser
fast acylenzymeintermediate  slow
Fast = acylation step Slow = deacylation step

Acyl enzyme = inactive
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Under standing L aboratory Experiment

slow

[P4]
[P4] t=0 = [Eol
= active sites\*

fast formation of P; 0.0

I_I_I time (min)

ms

3.0

p-Nitrophenol {mol/mol of enzyme)

Read Text about Chymotrypsin
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Read Text about Chymotrypsin
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Enzyme-substrate complex
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Structure-Activity Relationships

Box 8-3
il Koa He kel

01 {Hy 0 < et

Subwtrate A CHy —C—NH—CH—C—N1, 0.0 31 z
ik CHy O e

Buhetrate B CH; —C—NH—{H—— NH —=CH—C—NH; 14 15 10
o) CH, O CHy
1

Substrate O CH; —C—NH—-LH—C—NH—CH—C—NH: 3] 25 114

B compared to A: B faster, tigher binding
C compared to B: C faster, weaker binding
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EnzymeActivity

Vo (rate) at given E, hasunitsof M min-!

Specific Activity = Rate/mgE,

1 U often defined as 1 pmol/min
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