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Connection Domain Mutations

N348I A360V

•Increase phenotypic resistance to AZT 

•Present at different locations in the 

connection domain of HIV-1 RT

•A360V appears to associate with 

TAMs

•N348I is seen with and without TAMs

•May diminish RNase H cleavage 

thereby providing more time for AZT-

MP excision (Nikolenko et al. 2005)

•Underlying biochemical mechanism?
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ATP-mediated AZT-MP Excision on RNA/DNA Substrate

3 180

Connection domain mutations increase ATP-mediated excision of 

AZT-MP in the background of TAMs
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Effect of Mutations on RNase H Activity

WT

-M
g

30’’ 20’

TAMs/A360V

TAMs/ A360V/

N348ITAMs/N348ITAMs
-M

g

30’’ 20’ -M
g

30’’ 20’ -M
g

30’’ 20’ -M
g

30’’ 20’

time (min)

MgCl2

30’’ 20’

time (min)

The presence of TAMs/A360V/N348I leads to the 

accumulation of short RNA substrates 
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Hypothesis

RT : substrate dissociation

Polymerase dependent
RNase H activity

Polymerase domain 

RNase H domain 



RT enzyme
16mer substrate

Kd(RNase H) (nM) Fold-Change

WT 103.8 -

TAMs 188.1 1.8

TAMs/A360V 369.5 3.6

TAMs/N348I 918.5 8.8

TAMs/A360V/N348I >1000 > > >

The Effect of Connection Domain Mutations on Substrate Binding… I

Trap + Mg2+

Stop

RT 

Substrate 

Equilibrium Dissociation Constants (Kd)

Connection domain mutations show reduced binding to the 

substrate in the RNase H-competent complex 

RNase H-Competent Complex



RT enzyme
15mer substrate

Kd(pol) (nM) Fold-Change

WT 12.8 -

TAMs 22.7 1.8

TAMs/A360V 10.5 0.8

TAMs/N348I 21.7 1.7

TAMs/A360V/N348I 11.2 0.9

Polymerase-Competent Complex

dNTP + 

Trap + Mg2+

Stop

RT 

Substrate 

In the polymerase-competent complex, A360V, but not N348I, shows 

improved substrate binding in the background of TAMs

Equilibrium Dissociation Constants (Kd)

The Effect of Connection Domain Mutations on Substrate Binding… II



Effect of N348I and A360V on Processive DNA Synthesis
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N348I and A360V increase processive DNA synthesis as 

compared to TAMs 

Enzyme Processive complex (%)

WT 2.77

TAM 2.09

TAM/A360V 3.00

TAM/N348I 5.36

TAM/A360V/N348I 6.36

time (minutes)
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PPi-mediated AZT-MP Excision on RNA/DNA Substrate

primer

Increased PPi-mediated excision of AZT-MP observed with

connection domain mutations in the background of TAMs
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Is PPi-mediated Excision Increased Independently of TAMs?
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N348I alone is sufficient to increase PPi-mediated AZT-MP excision



time (minutes)

primer

ATP-mediated AZT-MP Excision In the Absence of RNase H Activity
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A360V and N348I can increase AZT-MP excision independently of 

RNase H activity
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TAMs/N348I > TAMs/A360V > TAMs

< 8mer

RNase H-independent 

contribution to excision

RNase H-dependent 

contribution to excision

Mechanism of Resistance

RNase H-competent

complex

TAMs/A360V

TAMs, TAMs/N348I

Polymerase-competent

complex

Processive DNA synthesisTAMs/N348I 

ATPPPi

TAMs

TAMs/N348I, TAMs/A360V



RNase H -dependent and -independent mechanisms 
contribute to enhanced AZT resistance

A360V appears to compensate for TAMs-mediated deficits 
- appears late following the emergence of TAMs

N348I is able to recruit PPi as a substrate for the excision 
reaction - appears early, independently of TAMs

Conclusions
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