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Lecture 20: Retroviruses & Inhibitors - HIV Protease.

L ]
e Compare and contrast serine to aspartyl proteases
[ ]

e Rational drug design in response to mutations.

Human Immunodeficiency Virus (HIV)
e Infects specialized cells in the immune system — T-helper

cells (Tw) cells, killing them.
[ ]

/?9 DNA -> mRNA - viral protein
(s VvRNA

redw s

Central Role of T-helper (Tx) Cells in Immunity:
Key Cell Types:

B-cells: Have antibody on their cell surface.

Tu-cells: Responsible for activating B-cells

Plasma cells:

e secrete soluble antibody to fight pathogens.

Develop from B-cells that have been activated by Ty
cells.

Steps in the production of Antibodies:

1. Antigen (pathogen) binds to antibody on the surface of B-
cells.

2. Pathogen is internalized by B-cell and digested into
peptides.

3. Peptides from the pathogen are exported to the external
surface bound to MHC Il molecules.

4. Tuerer (Th) cells recognize peptides on MHC as foreign,

starting immune response.

- secrete antibodies that inactivate pathogens

replication:
i) reverse transcriptase,
Copies VRNA to DNA, error prone - drug resistant HIV.
ii) integrase,
Inserts DNA copy into host cell chromosome.
i) HIV protease

Tu cells activate B-cells so that they can differentiate into plasma cell

The HIV virus particle contains three essential enzymes for viral

ldentify potential drug targets, based on viral life cycle.

Measure inhibitor binding to characterize drug efficiency.

A B cellis triggered when it encounters its
matching antigen.

Retroviruses, the genetic information is stored in RNA (viral
RNA, vRNA) which must be first be copied into DNA: VRNA

The B-cell engulfs the antigen and
digests it,

Q

N

then it displays antigen fragments
kound to its unique MHC

0 molecules.
&

This combination of antigen
~and MHC attracts the help
By of a mature,

matching T cell.

Cytokines secreted
by the T cell help the
B cell to multiply and
mature into antibody
producing plasma
cells.

Released into the blood,

L 1
antibodies lock onto matching M r A b

antigens. The antigen-antibody complexes are
then cleared by the complement cascade or by
the liver and spleen.

Cleaves immature viral proteins to make mature
proteins, that assemble into the virus.

HIV Viral Infection of T-Helper Cells:

1. Viruses bind to molecules displayed on the Ty cell
surface.

2. The virus then fuses with the cell membrane and
releases its RNA genome from its lipid envelope.

3. The enzyme reverse transcriptase first makes a
double-stranded DNA copy of the viral RNA
molecule. This process is error prone, leading to
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mutations in the virus. These mutations cause drug resistant
strains of the virus to arise. HIV{Rrotease L
4. The DNA is integrated into the host cell’s DNA by an enzyme

called integrase. / [ l \ \

5. Integrated DNA produces VRNA, the genetic material for new o o g e

Protein

virus particles. mRNA is also made from this DNA, to produce D e B @ Mature
proteins for new particles. \\ ' {/ Proteins

6. HIV protease required for maturation of viral proteins, by .
cleaving them into smaller proteins that form the mature virus. ‘E‘;}?

7. Mature virus buds out of cell.

Drug Targets to Combat the HIV Virus - Why are these good targets for inhibitors that can act as anti-virals?
1. Viral fusion — ——

2. Reverse transcriptase \- all are. &th’ﬁ” @ﬁ.(ﬁhm ‘{“‘M—V‘W’
3. Integrase No human GM“J S no off f‘“"g&{’ !—#eGB

4. HIV Protease

1980-84 HIV virus Fusion RevTrans Inhibitors — | RevTrans Inhibitors — Integrase Protease
Characterized Inhibitors NRTI (competitive) NNRTI (allosteric) Inhibitors Inhibitors
(competitive)
1985-89 AZT <_m~--——-- C‘H” IAKA
\T:E\NH m kﬂ'uﬁ§+¢44
L Qe CaSES .
AEPN
il
1990-94 Didanoisine,
Zalcitabine, Stavudine
1995-99 Lavidudine Nevirapine, Saquinavir,
9 H Ritonovair,
7 AN Indinavir,
a0y N
= g N Nelfinavir
Delavirdine, Efavirenz
2000-04 Enfuvirtide Didanosine Atazanavir,
Emtricitabine Fosamprenavir
2005-09 Maraviroc Etravirine Raltegravir Darunavir,
Tipranavir
2010-14 £&—— chllajchve o(.wa,{o‘awe,-&- Nevirapine XR, Dolutegravir,
for J\{./\-&n—(}\.,p\;[ . Rilpivirine Evitegravir

HIV Protease @partyl prote@

1. An essential enzyme in the maturation of the HIV virus. If inhibited, the virus cannot replicate.

2. The HIV protease is a homo-dimeric protein, containing two catalytic ytic Asp remdueslﬁgﬁﬂénd gspZS'! the same
residue on each chain. How However, the pK. values of these two differ widely, one is about 4.0 and the other about
6.0. Itis a member of the general class of Aspartate proteases.

3. One of the Asp residues must be protonated the other must be deprotated for full activity.

4. Water is the activated nucleophile, no acyl-intermediate.

5. Prefers hydrophobic substrates due to Val82 plus other non-polar residues in its active site.
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Val82

Mechanism:
1. Activation of H,0 by Asp25’ ~+ X
- votTe sl
2. Nucleophilic attack on C=0 of substrate AS P ZL P
3. Tetrahedral transition state
4. Peptide bond cleavage
5. Protonation of new NH; by Asp25
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inhibition of HIV Protease (HIV Drugs): 7 &
® Most drugs are small peptide-like analogs with non-cleavable honds %(H N
that resemble peptide bonds. H H

Where will they bind on the enzyme?

~ abi ste  sied\ardp  gudoghndte.

Sidechain from
HIV protease

What will happen to them after they bind? c Lo

-
r
~ Mo . cleavege |
Drug Design: Compounds A (Isobutyl) and B (cyclohexane) are candidates
for HIV protease inhibitors. Which of the two drugs will be more effective
at inhibiting the wild-type protease?

A
* H H H - H 182
+ + Val
HiC. NH; HiC N, NH;
g mJ\r g ﬁJY
0 0 0 0 0 -~ K
Ky = Ky
oG 0P NH, Ha, 0% NH, \O&J -
>__CH3 )—-CH; \ VQ e — —_
VAMS b
Valg2 Vals2 .
\Ay"ji\/( .
Answer: We will assume that these are competitive inhibitors. 5 Products Nog
Therefore, we need to compare the K values for each inhibitor i ﬁLo 0_@
binding to the protease, using the following steps: _— R o,©/ p-nitrophenolate
3 — +
1. Select a suitable substrate for steady-state assays. The ° - ‘3"&”"0
kinetics of HIV protease can be measured using this AN Y o M
substrate, producing a bright yellow nitrophenolate ion. (VabPhecp-ntrophenyl este . v AWV
2. Measuring K, for both Drugs: pmd""' .
a) Acquire velocity versus substrate, no inhibitor.
b) Acquire velocity versus substrate, fixed inhibitor. +-6— — ¥ =16x+0.0125
Analysis - Graphical ) i
i) Plot double reciprocal plots. ' % L P
ii) Obtain a from ratio of slopes
iii) Ki = [1]/(a-1)
Analysis — Model Fitting (see next page) ]
i) Fit the data directly to the appropriate kinetic S -
equation: v =keaEror x [S]/(aKwm + [S]) = J
STEMT v o6 - -
el ) ({Al=10 V1B / y=25x+00125
T0 [73 | —=32 0 _&4_| = il
+25 16 8.9 1.6 -
50 267 160 32 —ee—ﬁé% ég: nNo ¥ nh
IS I/V 17V v '3 | [, . o
" i29) | a1ty ([81=10nm) Sem o =="7Y = 1.26x + 0.0125
010 [0.138] 0.263 T513 \ -0.05 0.05 0.15
0.04 |0.063] 0.113 0.613 - M 18]
0.02 [0.038 0.063 0.313 N Lt
The units of velocity are umoles product/sec.
Once the o values are found, we can calculate the K for each inhibitor using the formula.g K=[11/(c-1). |
Slope | a= slope(1>0)/slope(1=0) Ki
No Inh. 1.25%~ M
Inhibitor A | 250 5 =2.50/1.25=2 Oan /(2-t) |= \0n '5 Kt > Ka
Inhibitor B 15.00 v — &=15.00/1.25=12 LOnM V'(_\?_-\“) - O c‘ nM

O ke B ‘Sieds oot -
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L) vinoinhjPred * Diff v(sinhA)Pred ¢ DIff  \vi#inhB) Pred” DIff \Vmax |_805668 \

2 ol 0 o o ' olsmsa 0 0 o 0 Km 100.8742 o
3 | 10 7.3 7.266508 0.033492 3.8 3804484 0.004434 0.7 0.660991 0.039009 aipha (A) D \[ 46 /o
4 > 16 16.00146 0.001457 8.9 8.881985 0.015014 1.6 1632383 0.032388 alpha(s) 1198404  —

5| S0 367 267 10506 16 1600006 6.43E-05 3.2 319994 5.98E.05 .S

6 SumDIff  0.128929
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Drug resistance & rational drug

I
i) How might you alter the existing inhibitor to be effective at A T 4y T 8 Y
binding to HIV protease with the Asn82 mutation? e Started

i OH te]
. H H
design: HsC_ _N N NHI H3C NHs
. \n/ N

Error prone copying of vRNA to
DNA introduces changes in the
sequence of the viral RNA HaC 0% “NH, 07 *NH,
(mutations), leading to altered )—C Hj ?osf Lradi ™
amino acids in the viral proteins. Valg2 Asn82  wchent -
changes in the residues that are L‘“\‘Uﬁﬂ
involved in drug binding may reduce binding.

The mutant virus is no longer inhibited from growing and will
quickly overgrow the wild-type virus.

A common mutation that arises in many HIV patients is HV
changing Val82->Asn82 in HIV protease. S (WY LN 3;"5

The altered HIV protease can be inhibited with modified "~ M AV)
protease inhibitors. l Qo W:{,\\vl

T, -count

Time

lb\‘

Original Treatment Mutation arises
e
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H,C N NH;
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0 Equations and plots:

Summary of Enzyme Kinetics and Inhibitors

o __ L IR I 1_ Ky 11
V.S 330D Ko L] S R S Lo M - T O - 7
-.)
wt Ligand Binding Curve Hill Plot Velocity Curve Double Recp. Plot
Log(Y/(1-Y)) Voo [ESIE,,
1
Fractional N Iniﬁn!
Szmr:ﬁon o shopeg 3 Velocity 1/v, slope=K /V =
¥ v:05 Log(L] K R =
MLEM, /2 Intercept Viu/2: [ESFE /2 W,
0 (B Log(Ky)
Ko Km &l 1/[8]
Summary of Parameters:
Parameter | Related Importance From Velocity From Double
Formula Curve: Reciprocal Plot
v=Vwax[S]/(Km+[S])
Vmax = keart [Etorall Maximum rate of product produced ata | Reaction velocity at Vmax=1/y-int
given enzyme concentration (Enzyme high substrate
saturated, [ES]=Evor.
kcar =Vmax/[EtoTal] Turnover number: Number of product see Vmax see Vmax
molecules produced/sec by a single
enzyme molecule.
Higher kcar, more efficient the
chemistry (ES->EP)
Km ={korr +keat)/kon Related to dissociation constant for Substrate Km = slope*Vmax
~ Ko substrate binding. concentration to = slope/y-int
Lower Km, better binding of (S) give a velocity that is
(E+S = ES) ¥ Vmax
kear/Km Specificity constant, velocity at low [S]
£T> F +1 Ki a=1+([11/Ki) Dissociation constant for inhibitor Best to use double o slope([1]> 0)
i (Competitive | K=[I]/{a-1) binding to free enzyme: (El) - (E) +{l). reciprocal plot, or - slope([1] = 0)
. \4/9 and Mixed Ki =[E10V/IEN] Lower K, better binding of (1) to (E). direct fitting with Ki=[1]/(a-1)
inhibition) (Identical to Kp. Ki = Ko) Solver.
K o'=1+{[1]/K1) Dissociation constant for inhibitor to Best to use double . Y-int([l] >0)
ESTS S ﬁ'(f)n.!y.rrixed K'=[11/(e’-1) bind to ES complex_: (E_SI) > (ES) +(1) rgcipros:a! plot,' or Y -int([] =0)
inhibition) K’=[ES]I[II/[ESI] Lower K;, better binding of (1) to (ES). direct fitting with Ki=[1]/(er"-1)
RS (Identical to Kp. Ki'=Kp) solver.
\L < >
Effect of Inhibition on Kinetic Parameters:
Kinetic Parameter Competitive Inhibition Mixed Inhibition
o
Km KMObserved = aKm KMObserved = _,KM
Vmax Vimax©Pseved = Viyiax ViaxCoserved = VMAX /o
Double reciprocal Plot: 1/v versus 1/[S]:
1 K, 1 1 1_oaK, 1 1 1 _oKy 1 a'
—_=—M 4 —t— = —+
vV Vi [S] Vi vV Vi [S1 Vi v Viax IS Vi -~
ot
No Inh. | Competitive Mixed Mixed Inh [opt - \){M’
Slope Km/Vmax | okm/Vmax oK/ Vmax ste
y-int 1/Vmax | 1/Vwax o’ /Vmax fom Inh Wi \L/MM_
slope([1} > 0) o K ,,’f_.w 1 o Jm
S 1% ax_ _
slope([I] = 0) KTX =a Ky No Inh
= v,
o e Slope=Ky, Vyax
Y —ini([1]> 0) / o A=A rrax
Y —int([I]=0) / / Ly 18]
" d %53 (zeo

Competitive: Bind at active site. y-intercept in double reciprocal plot is unchanged. Slope must change.
Mixed Inhibition: Bind elsewhere. y-intercept in double reciprocal plot is higher. Slope may change, depending on {a/a’).
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