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f2$#25 = alpha helix and beta pleated sheet

Intramolecular
VS
Intermolecular
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Antibody can catalyze specific chemical
reaction we call abzyme. v & 3@ & i+ /- ?

Can antibody bind to substrate and play as
an enzyme (catalysis power) to convert
substrate to product?



Development of Catalytic Antibodies

Comparison of an ester hydrolysis tetrahedral
intermediate and a phosphonate “transition state” mimic
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Antibody-catalyzed Double-bond
lsomerization
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 The hapten induced an acidic
residue in the active site (Bait-
and-switch strategy).

* A dienol intermediate was
proposed.

Goncalves, O.;Dintinger, T.;Lebreton, J.;Blanchard,
D.:Tellier, C. Biochem. J. 2000, 346, 691.



4, f238 5 = Ao @ hexokinase 5Km 3 0.5
mM A 5 # glucokinase 7Km z 10Mm? & &
%= & _n ¢ glucose k& 5 5~10Mm z fF o

1, Both hexokinase and glucokinase catalyze the same chemical
reaction: phosphorylate glucose to become glucose-6-phosphate.
2, Km is the concentration of substrate which make enzyme
reaches 50% of its maximal velocity.

3, Another important point is the concentration of glucose In
blood is between 5-10 mM.

4, Is hexokinase activity glucose concentration dependent?

5, How about glucokinase?



By substrate concentration:

Mg - ATP

N

nofmal fasing
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H H
HO Q H hexokinase HO i H
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glucokinase B-b-Glucose Glucose 6-phosphate

Glucokinase: Km = 10 mM,
Present in liver and In

I I I

15 20 25
blood glucose (mM)

pancreas 3 cells.

Hexokinase: Km= 0.2 mM,
Present in most cells.
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Why enzyme activity is pH dependent?

You can only consider the chemical property of
the side chain of amino acid but not amino acid
itself!

At that pH range, which side chain of amino acid
may change It structure or function?

Considering pKa of side chain of amino acid.
Is it possible lysine?
No, It Is aspartic acid!




One mistake in my lecture

iR ok R ¥ EF 5k & (zero order
Kinetics ) =5 ?
It follows first order kinetics!

Giving one example of reaction with zero order
Kinetics.

Limited amount of enzyme with much more excess
substrate |

If protein degradation follows the first order kinetics,
how to estimate rate constant of protein degradation?



One protein degradation enzyme has been observed to
be degraded gradually. This enzyme may be degraded
by itself or be degraded by other enzyme. How to
distinguish these two possibility by experiment?

A Baul g > 2 fF Rend B H A D
This enzyme Is degraded by itself or Is
degraded by other enzyme.

This enzyme is degraded by itself (first order kinetics)
or is degraded by other enzyme (second order kinetics).
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How do you know it is first order Kinetics?
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DNAx: 7 s > @enzymes g & %

Is there any DNA with catalytic activity in cell?

Is any free DNA or RNA In the cytosol?

7 H BHDNAF t(both single & double stranded),
RNAY — 4%, U i € & F-v %‘r % & A5 = complex.
H jHenDNA or RNA4e % 13 Lar_cytosol, It must be
= - :}?3:3; , )



Plasma membrane \ 1
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Inflammatory cytokines Inflammatory cytokines

Type | IFN Tvoe | IFN

The role of pattern-recognition receptors in innate immunity: update on Toll-like
receptors Nature Immunology 11: 373 ; 2010



We have used A\ S =qg/T to derive
Gibbs free energy. However, In the
first week we learned S=klogW.
How these two equation related?
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Explaining your understanding of the
following statement!

Allosteric inhibitors decrease V., ., but do not alter K
Competitive Inhibitors increase K, but do not alter V.,

VmaxE_fA >t % 0k B T4 4 fhig & 14277

Turn over number of the enzyme



Substrate  Enzyme Enzyme-substrate
complex

Competitive inhibitor
in active site

Natural
substrate



Allosteric
Actwe site 5 o SUbstrate

Actiue - Product
form formation

Regulatory Catalytic
subunit subunit
| ) MNO
na;:twe — product
orm )z formation
Allosteric MActive
cite site Allosteric inhibitor

Allosteric inhibitor or activator shares similar working mechanism.
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Synthesize C,Uand T
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Figur Figure 4-39 Essential Cell Biology, 2/e. (€ 2004 Garland Science)
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Figure 3-56. Molecular Biology of the Cell, 4th Edition.
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Why enzyme need coenzyme?
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What catalytic factor was missing from

BIOCHEMISTRY

How Enzymes Work

Dagmar Ringe and Gregory A. Petsko

azing at the three-dimen-

sional structures of enzy-

mes that regularly grace
the covers of scientific publica-
tions, it is hard to imagine that
there are still people alive who
remember when many biochem-
ists thought that enzymes had no
ordered structure. But that was the
case until James Sumner crystal-
lized urease in 1926 (/)—a devel-
opment so revolutionary that he
was taken into custody as a dan-
gerous lunatic when he tried to
explain what he had done to a
famous European scientist. When
biochemists realized that enzymes
had persistent structure and that
destruction of that structure could
abolish enzyme activity, they rap-
idly adopted the view that enzymes
were rigid scaffolds whose speci-
ficity and catalytic power came

the lecture?

Fifty years of research have led to a detailed

catalysis.

Elucidating the active site. In the crystal structure of a lysozyme mutant bound to
a synthetic sugar substrate, the sugar ring in the active site is distorted, and the scis-
sile bond is close to the acid-base residues Asp*? (left) and Glu3> (lower right;
mutated to Gln in this structure) (5). All these features were deduced by Phillips and
co-workers more than 40 years ago (4). Unexpectedly, the structure also shows that
lysozyme can form a covalent intermediate with its substrates (5).

understanding of the mechanisms of enzymatic

even if almost every other fac-
tor were eliminated by mutating
the enzyme, the protein would
still be a respectable catalyst.
Second, Koshland was right:
The active-site residues usually
adjust to permit the binding
of the specific substrate. In-
duced-fit changes involving
the movement of entire protein
domains by several nanometers
have been observed (6). Third,
the protein structure can create
specialized microenvironments
that dramatically alter the reac-
tivity of key catalytic groups, in
some cases by shielding the
catalytic site from contact with
bulk solvent. Fourth, enzymes
can distort the substrate, caus-
ing it to adopt a high-energy
conformation with increased
reactivity (7). Finally, enzymes



What was missing In this picture? Three
relatively recent discoveries stand out. ?

* the contribution of quantum mechanical
tunneling to the rates of enzyme-catalyzed
transfer of hydrogen ions reactions.
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1, hydrogen has a de Broglie
wavelength on the order of the
distances over which it is
expected to be transferred.

2, the heavier isotopes will have
the same chemical properties but
significantly smaller de Broglie
wavelengths

3, the hydrogen donor and
acceptor wave function overlap
will be a very sensitive function
of the donor-acceptor distance
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What was missing In this picture? Three
relatively recent discoveries stand out. ?

* the precise matching of the pKa’s of the donor
and acceptor atoms in hydrogen bonds that
stabilize the transition state. Such matching
can lead to short, symmetrical hydrogen bonds
of greater-than-normal strength.



The Low Barrier Hydrogen Bond in Enzymatic Catalysis
THE JOURNAL OF BIOLOGICAL CHEMISTRY 273, pp. 25529-25532, 1998
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Testing Electrostatic Complementarity in Enzyme
Catalysis: Hydrogen Bonding in the Ketosteroid

Isomerase Oxyanion Hole. PLoS Biol. 4, €99, (2006)




What was missing In this picture? Three
relatively recent discoveries stand out. ?

* the role of protein dynamics in aiding the
reacting species in crossing the transition-state
barrier to the reaction.



Proteins can bind target molecules through either induced fit or
conformational selection pathways.

In the conformational selection model, a protein samples a scarcely
populated high-energy state that resembles a target-bound conformation.

In enzymatic catalysis, such high-energy states have been identified as
crucial entities for activity and the dynamic interconversion between
ground states and high-energy states can constitute the rate limiting step for
catalytic turnover.

The catalytically active state of adenylate kinase, the enzyme is a closed
conformation, for which the structure (with bound ligand) has been
determined by X-ray crystallography.

Sampling of a closed conformation in a ligand-free “apo enzyme” is one of
the prerequisites for the conformational selection model.

It is inherently difficult to address the function of high-energy states
directly because they are, first, transient and, second, in a dynamic
equilibrium with more stable ground states.



T163
G56

free energy

conformational coordinate

Structural basis for ligand binding to an enzyme by a conformational selection pathway.
PNAS 114: 6298-6303; 2017



Recent advancements in enzyme research

How to improve enzyme activity and
Its specificity?



John Maynard Smith Natural Selection and the
Concept of a Protein Space
Nature 225, 563-564; 1970

A Reflection on 50 Years of John Maynard Smith’s
“Protein Space”

C. Brandon Ogbunugafor’
Department of Ecology and Evolutionary Biology, Brown University, Providence, Rhode Island 02912

ORCID ID: 0000-0002-1581-8345 (C.B.O.)
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A hypercube representation of an empirical fitness landscape
corresponding to mutations in dihydrofolate reductase, an enzyme
target of drugs in many microbial diseases. Specifically, the mutations
are associated with resistance to pyrimethamine, an antimicrobial drug




Frances H. Arnold George P. Smith Sir Gregory P. Winter

Prize share: 1/2 Prize share: 1/4 Prize share: 1/4

Frances H. Arnold "for the directed evolution of enzymes"



Innovation by Evolution: Bringing New Chemistry to

Life (2018 Nobel Lecture in Chemistry)
Angew.Chem. Int. Ed. 2019, 58,14420 —14426

Native enzyme adoing Evolved enzyme
its native job adoing a new job

Performance
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Figure 1. An enzyme whose function is optimized for its native job
generally performs poorly in a new role. Directed evolution through
rounds of mutation and screening can discover changes in sequence
that improve performance, climbing a new fitness peak.



Figure 2: Overview of directed evolution.

Best starting point or
points out of natural or
synthetic sequences

Error-prone PCR,
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computer-guided
l mutagenesis
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Figure 3: Recombination of homologous sequences.
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C-H - C-OH

C=C - epoxide |o
Biological reagents R.S = R.SO = R.SO. +eo Fe
. & s L ‘ '
+ Natural selection RCOOH - RH + CO, I
RCH,CH,R’ & RHC=CHR' S,
etc. Cys
(and other
intermediates)
\ Non-natural reactions R.__R
C

C=C - cyclopropanes

Carbene X-H insertions

Synthetic reagents
+ Directed evolution

“Olefin Cyclopropanation via Carbene Transfer Catalyzed by Engineered
Cytochrome P450 Enzymes™: Science 2013, 339, 307 — 310.
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Figure 4. New “carbene transferases” made by directed evolution have
added C—Si and C—B bonds to biology’s DNA-encoded synthetic
repertoire.



13 JUNE 2019 | VOL 570 | NATURE | 219

LETTER

https://doi.org/10.1038/s41586-019-1262-8

Design and evolution of an enzyme with a
non-canonical organocatalytic mechanism

Ashleigh J. Burke'?, Sarah L. Lovelock!?, Amina Frese!, Rebecca Crawshaw!, Mary Ortmayer’, Mark Dunstan!, Colin Levy' &

Anthony P. Green!*
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Can we Incorporate his23-Me to replace
his23 In the active site ?

An engineered pyrrolysyl-tRNA synthetase/pyrrolysyl-tRNA pair was
used to introduce a Me-His23 residue in response to a UAG stop codon

Y0
Pyrrolysine P =




Library B

ILE 121

o
3

LEU 118

p-nitropheny!

: 2-methyldecanoate
LEU 231
SER 82

Five CASTIng libraries (Alal9/Ser22, Tyr45/Glud6, Tyr87/ Trp88,
Met94/Ser95 and Aspl125/GIn128) were prepared by overlap extension
PCR using pBbE8k _OEL1 as a template and degenerate primer pairs.
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Quiz for lecture 5

' Ve

°1, 'm¥¢ ¥ glucose® -tz g iz § 0 2 P ARGRBLE - TE N
proton gradient =74 ;% & 13 ?
2, Complex 1 e 1‘# suggest the piston mechanism 3 ﬁ'#ﬁ

BEAR B 7
*4, Please make comment on: “f&.4~ &3k i SLllFR fesk < ehig £ @ KBk 4
+ A fR

5, how glucose suppress gene expression of some gene cluster?

*3, Rubisco iTurnover number iz F- 4 » 7R 5 H A-j2 5 7 i

*6, Cancer cell expresses PKM2 instead of PKM1. Can this mechanism
explain Warburg Effect of cancer?

*7,Cancercell E c77 F & 5 ¥ vfeief?
*8, Why brain tumor patients with IDH mutations have a better survival?



