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How	is	gRNA selected	for	packaging?
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How	mature	HIV	capsid	“uncoats”?



Immature	and	mature	HIV-1	capsid	are	completely	different

• Immature	capsid	is	made	of	full	length	Gag	and	has	RNA	and	PM	as	part	of	its	
structure;

• Mature	capsid	is	made	of	CA	only,	has	different	2D	crystalline	arrangement,	
different	set	of	CA-CA	contacts,	and	is	RNA	and	PM	independent.
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Problem	of	selective	gRNA	packaging
• HIV-1	Gag	bind	to	packaging	(Psi)	RNA	signal	of	gRNA	about	as	strongly	

as	to	any	random	RNA	in	physiological	salt.

• In	the	absence	of	gRNA	virions assemble	on	any	RNA	(but	at	higher	
[Gag]).

• There	is	a	huge	excess	of	non-gRNA	in	the	cytoplasm.

• There	seems	to	be	a	critical	[Gag*]	in	cytoplasm	below	which	
assembly	does	not	happen,	even	though	Gag	is	present	both	in	the	
RNA	and	on	cytoplasm	in	comparable	amounts.

• Unclear	role	of	gRNA	dimerization	in	its	selective	packaging:	gRNA	
dimers	are	packaged	preferentially,	but	in	vitro	NC	and	Gag	binding	to	
dimeric	vs	monomeric	Psi-RNA	are	not	very	different.
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Selective	gRNA packaging	in	virions happens	in	two	steps:

(i)	Selective	(<~10-fold)	Gag-gRNA	binding	in	cytoplasm;	
(ii)	selective	incorporation	of	Gag-gRNA into	virions on	PM	(~100-fold)

Global	changes	in	the	RNA	binding	specificity	of	HIV-1	Gag	regulate	virion genesis.	
Kutlay&Bieniasz,	Cell,	2014

Selective	gRNA packaging	happens	at	the	step	of	assembly	
nucleation
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Gag binds	Psi-gRNA region	at	three	specific	sites
Kutlay&Bieniasz, Cell, 2014

Three	specific	sites	for	Gag	in	Psi	RNA	are	nearly	identical	to	in	vitro	observed	NC	
sites	(Summers),	and	Gag	sites	(Marquet)
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100	nt Psi	RNA	has	three	strong	adjacent	binding	sites	for	NC

Specific	Gag	binding	sites	on	100	nt HIV-1	Psi	RNA	
(Erik	Olson	et.al.	Viruses,	2016)

Preliminary	mass	spec	results	show	one	Psi	RNA	being	bound	with	3	Gag	molecules.

• Dimer	of	Psi	RNA	will	have	six	(or	four)	strong	adjacent	NC	binding	sites
• Dimer	of	Psi	RNA	does	not	bind	Gag	stronger	then	the	monomer	(weak	Gag-Gag	contacts)
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Selective	gRNA	packaging	was	reproduced	in	
vitro	in	the	membrane	+	Gag	+	RNA	system	

(Kuzembayeva et al., 2014). On the other hand, Gag in the membrane fraction has lost its tRNA

association and is strongly enriched for viral RNA, interacting with equal probability with all parts of

the genomic RNA. Existing structural and biochemical data are not sufficient to explain how a pool

of cytosolic Gag, binding mainly cellular RNA, assembles into virus particles which package dimeric

viral genomes with 90% probability.
Here, we have reconstituted the selective genome packaging of HIV-1 in a minimal system using

giant unilamellar vesicles (GUVs), recombinant myristoylated HIV-1 Gag and purified RNAs. Gag

assembling on GUV membranes selectively packages the HIV-1 5’UTR at subnanomolar
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Figure 1. In vitro reconstitution of selective RNA packaging by HIV-1 Gag. (a) Confocal fluorescence micrograph of GUVs containing 5% PI(4,5)P2. 100

nM HIV-1 Gag-ATTO594 and 0.5 nM HIV-1 5’UTR-Alexa488 were premixed and added to the exterior of the GUVs which were imaged 10 min later.

Upper panel, membrane in red and Gag in white/cyan. Lower panel, RNA. (b–c) As (a) but with fluorescent HIV-1 RRE and a 378 nt control ssRNA

(RNA378), respectively. (d–f) As (a–c) but with 5 nM non-fluorescent RNA378 added together with the fluorescent RNAs. (a–f) White arrows mark Gag

clusters on GUVs, and their position on the corresponding RNA images. Scale bar for all images, 10 mm. (g) Quantitation of fluorescent RNA binding to

Gag clusters. Gag clusters on membranes were identified in 10 z-stacks each containing ~10 GUVs, using an unsupervised script which calculated the

average RNA fluorescence within the clusters. Gag clusters with an average RNA fluorescence >2.0 times that of the surrounding membrane were

counted as positive for colocalization. All measurements were conducted on the same batch of GUVs and error bars indicate standard deviation

between three repeats on separate GUV preparations. n.s./*, not significant, and significant, respectively, at p<0.05 level by Student’s t-test.

DOI: 10.7554/eLife.14663.003

The following figure supplement is available for figure 1:

Figure supplement 1. RNA recruitment by clusters of Gag with altered NC domain.

DOI: 10.7554/eLife.14663.004
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Membrane	– red
Gag	– white	(@	100nM)
gRNA	– green

Membrane	with	PM	
composition

Three	~370nt	RNAs:	5’UTR	– contains	Psi;
RRE	– slightly	specific;
RNA378	– non-specific

So,	there	is	a	hope	to	understand	the	selective	
gRNA	packaging	in	physics	terms
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Low	[Gag]	lead	to	Gag	monomer	or	
small	oligomers	equally	distributes	
between	cytoplasm	and	PM	

High	[Gag]	lead	to	
Gag	multimerization
on	PM

HIV-1 MA inhibits and 
confers cooperativity on 
Gag/PM interactions.
Bieniasz et.al. 2004 

Individual	Gag	interactions	with	RNA	and	PM	are	of	comparable	strength

Low	[Gag] High	[Gag]



Jouvenet et al, PNAS, (2009).
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detectable in the cytoplasm, most of the Gag-mCherry VLPs
(75%, n ! 441) present at the plasma membrane colocalized with
a GFP-labeled RNA (Fig. S3B, upper panels). In the presence of
a packaging-impaired V1B-"#-MS2 viral RNA, a similar pro-
portion of cells had GFP labeled viral genomes present in the
cytoplasm (Fig. S3B, lower panels). However, in this case, far
fewer (7.34%, n ! 327) of the Gag-mCherry VLPs colocalized
with GFP-labeled viral genomes.

Dynamics of HIV-1 RNA Molecules at the Plasma Membrane of Cells
During Virion Assembly. Since we could observe GFP-labeled
HIV-1 genomes that were exported into the cytoplasm, associ-
ated with VLPs in Gag-mCherry expressing cells, and packaged
into extracellular VLPs in a #-dependent manner, we attempted
to characterize the behavior of viral genomes during VLP
assembly. When V1B-MS2 was coexpressed with Gag/Gag-
mCherry in HeLa MS2-NLS-GFP-expressing cells and imaged
using dual-color TIR-FM, we observed four different behaviors
for the GFP-labeled RNA molecules. One population moved in
and out of the TIR field, with a time course of seconds. They
were indistinguishable from the GFP-labeled RNA molecules
observed in the absence of Gag (Movie S2) and did not
colocalize with detectable Gag puncta at any time. A second
population remained static in the TIR field during the entire
period of image acquisition and their f luorescence always co-
localized with Gag puncta (Fig. S5 and Movie S3). A third
population of RNA molecules moved slowly in the TIR field and
initially did not co-localize with detectable Gag-mCherry
puncta. However, after a few minutes the mCherry fluorescence
increased as the RNA stopped moving (Fig. 3 A and B and
Movies S4 and S5). A fourth population of RNA molecules was
associated with Gag puncta, and both moved together, rapidly in
and out the TIR field (Fig. S6 and Movie S6).

The first population of rapidly appearing and disappearing
RNAs may represent viral genomes that have not yet engaged
Gag. Alternatively, they may represent RNA molecules that have
bound Gag molecules that have yet to engage the plasma
membrane. This was the only behavior that was observed for
cytoplasmic RNA molecules that were generated in the absence
of Gag (Fig. 2 and 3C, column 1), suggesting that residence of
the HIV-1 RNA at the plasma membrane requires engagement

with membrane-bound Gag. To test this hypothesis, we imaged
GFP-labeled viral genomes together with a mutant of Gag
(G2A) that cannot be myristoylated, is unable to stably bind the
plasma membrane (25, 26) and therefore cannot produce VLPs.
The behavior of the RNA molecules in the presence of the
G2A-Gag-mCherry was indistinguishable from their behavior in
the absence of Gag, that is, they did not remain in the TIR field
for more than few seconds (mean ! 7.5 s, n ! 25) (Fig. 3C,
column 3, Fig. S7, and Movie S7). Thus, these data strongly
suggest that the membrane anchoring by Gag is required to
anchor viral RNA at the plasma membrane.

The second population of viral RNA molecules that were
static at the plasma membrane are likely packaged in VLPs. We
have previously shown that static VLPs on the cell surface that
are no longer recruiting Gag, have completed assembly and some
have separated from the cell (18). Nonetheless, they rarely move
away, either because they remain associated with the cell surface
(27) or because they are trapped in the small space ($40 nm)
between the cell and the coverslip. Similarly, the static f luores-
cent spots we observed here that contain both Gag and viral
RNA and whose intensities were constant over many minutes,
are likely to be fully assembled VLPs .

The third population, viral RNAs that appeared at the plasma
membrane and remained there for the duration of the observa-
tion period (Fig. 3 A and B), are likely RNA molecules that were
recruited to the plasma membrane by Gag. This population was
not detected when the packaging-impaired viral RNA was used
(Fig. 3C, column 5). At the earlier time points, Gag was not

Fig. 2. Visualization of individual HIV-1 genomes in live HeLa cells. (A)
MS2-NLS-GFP localizes primarily in the nucleus in the absence of HIV-1 ge-
nomes as imaged in epifluorescence (EPI) illumination. (Scale bar, 10 !m.) (B)
Cells stably expressing MS2-NLS-GFP were transfected with V1B-MS2, fixed
24 h later. A deconvolved optical section from the center of the vertical
dimension of the cell is shown. (Scale bar, 10 !m.) The inset shows an
expanded segment of the image. The right panel shows the same image with
nuclei revealed by staining with Hoechst 33258. (C) Cells stably expressing
MS2-NLS-GFP were observed under TIR-FM 6 h after transfection with V1B-
MS2. An RNA punctum was tracked and the numbers indicate the elapsed time
(in seconds). Images are 5 % 5 !m. Far right image shows the track (green) of
the RNA punctum. Fig. 3. Retention of viral RNA at the plasma membrane and VLP assembly on

RNA. (A and B) Cells stably expressing MS2-NLS-GFP were transfected with
Gag/Gag-mCherry and V1B-MS2 and observed live under TIR-FM beginning at
6 h post-transfection. (A) Images of an appearing GFP-labeled RNA punctum
on which a VLP subsequently assembles. Images are 2.5 % 2.5 !m. Elapsed time
is in minutes:seconds. (B) Plots of fluorescence intensity in arbitrary units (a.u)
for the GFP-labeled RNA and Gag-mCherry signals for the VLP shown in (A). (C)
Time for which GFP-labeled HIV-1 genomes remain in the TIR field. Each point
represents an individual GFP-labeled RNA punctum, and the total time of
residence in the TIR field is plotted. However, for ‘‘V1B-MS2 & WT Gag’’ only
RNAs on which a VLP assembled are indicated, and the time taken from the
appearance of the RNA to completion of the corresponding VLP assembly is
plotted. For ‘‘V1B-MS2 & Gag-"CTD’’ only RNAs that became anchored at the
plasma membrane, but both appeared and disappeared during the period of
observation are plotted.

19116 ! www.pnas.org"cgi"doi"10.1073"pnas.0907364106 Jouvenet et al.
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• Cytoplasmic	Gag/gRNA binding	at	low	[Gag]	&	
[gRNA]	(<1	uM)

• No	cytoplasmic	Gag	assembly	or	
multimerization @	these	low	[Gag];

• No	Gag	assembly	on	PM	prior	to	gRNA/Gag	
complex	arrival;

• Poor	Gag-RNA	assembly	on	PM	prior	to	gRNA	
dimerization	that	happens	on	PM

• Slow	(~10	min)	Gag	multimerization on	PM.
• Gag	comes	into	assembly	from	cytoplasm,	not	

from	PM

gRNA	is	picked	in	the	cytoplasm	by	a	few	Gag	molecules	and	brought	
to	PM.	Assembly	on	PM	after	nucleation	takes	~10	min.
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HIV-1	Gag	is	highly	flexible	and	has	two	cationic	domains.	

Datta	SA, Rein	A,	et.al.2011	

20	nm

6-8	nm

~8nm

• NC	and	MA	can	each	bind	either	RNA	or	PM	with	comparable	Kds.
• MA	binds	just	a	little	(2-3	kBT)	better	to	PM	then	to	RNA	because	of	

Myr tail.
• NC	binds	just	a	bit	better	to	RNA	then	to	PM,	and	up	to	100-fold	

better	to	specific	RNA	sites	(~0-4	kBT).
• Gag-Gag	interactions	in	immature	assembly	are	weak	(~2	kBT)



14

Gag-Gag	interactions	in	immature	assembly	are	very	weak	(~2	kBT)

I.P. O’Carroll et al. / Virus Research 171 (2013) 341–345 343

Fig. 1. Suggested model for oligomerization-driven assembly. Binding of free Gag molecules to RNA promotes oligomerization, increasing local Gag concentration. In our
model, the SP1 linker assumes a helical conformation at a sufficiently high Gag concentration; this in turn triggers a conformational change leading to the appearance of new
interfaces for assembly. The figure shows, from left to right, a Gag molecule free in solution; an oligomer of Gag bound to a short RNA molecule (wavy line); a hypothetical
assembly intermediate consisting of two such oligomers joined together solely via Gag–Gag interaction; and (top) a schematic of a portion of an immature virus-like particle,
and (bottom) a typical transmission electron micrograph of an authentic immature virus-like particle. Bar = 100 nm.

Fig. 2. Transmission electron micrographs of structures formed in 293 T cells by mutant and wild-type Gag proteins.

WT	Gag WM	Gag	dimerization	site	mutant

I.P. O’Carroll et al. / Virus Research 171 (2013) 341–345 343

Fig. 1. Suggested model for oligomerization-driven assembly. Binding of free Gag molecules to RNA promotes oligomerization, increasing local Gag concentration. In our
model, the SP1 linker assumes a helical conformation at a sufficiently high Gag concentration; this in turn triggers a conformational change leading to the appearance of new
interfaces for assembly. The figure shows, from left to right, a Gag molecule free in solution; an oligomer of Gag bound to a short RNA molecule (wavy line); a hypothetical
assembly intermediate consisting of two such oligomers joined together solely via Gag–Gag interaction; and (top) a schematic of a portion of an immature virus-like particle,
and (bottom) a typical transmission electron micrograph of an authentic immature virus-like particle. Bar = 100 nm.

Fig. 2. Transmission electron micrographs of structures formed in 293 T cells by mutant and wild-type Gag proteins.

• Gag	with	all	interaction	sites	mutated	still	assemble	into	
imperfect	macroscopic	structures	containing	PM,	Gag	and	RNA.

• Binding	of	WM	Gag	to	RNAs	is	just	2-3	fold	weaker	then	of	WT	
Gag.	kBT*Ln(3)~1	kBT.



Simplest	model	of	three	Gag	binding	states

PM PM

No	assembly No	assembly Assembly

RNA RNA

w NC
RNA

wNC
PM

wMA
PM

w MA
RNA

w NC
RNA
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Conditions:
[RNA	sites]	&[PM	sites]>>[Gag];	binding	of	Gag	to	RNA	and	PM	is	strong;	all	Gag	is	bound.



Free	energy	of	states	of	flexible	Gag
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Free	energies	of	state	transitions
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Phase	diagram	of	single	Gag	states
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One	extended	Gag	is	unstable,	but	few	brought	by	the	same	RNA	
can	be	stable

gRNARNA

PMPM

no	nucleation
nucleation

Single	Gag	extended	between	RNA	and	PM	is	unstable	at	low	[Gag]:

But	several	Gags	attached	to	RNA	- PM	together	(nucleus)	can	be	stable

> 0

<		0
~10kBT~2kBT

~2kBT ~1-2kBT ~10/n	kBT
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100	nt Psi	RNA	has	three	strong	adjacent	binding	sites	for	NC

Specific	Gag	binding	sites	on	100	nt HIV-1	Psi	RNA	
(Erik	Olson	et.al.	Viruses,	2016)

Preliminary	mass	spec	results	show	one	Psi	RNA	being	bound	with	3	Gag	molecules.

• Dimer	of	Psi	RNA	will	have	six	(or	four)	strong	adjacent	NC	binding	sites
• Dimer	of	Psi	RNA	does	not	bind	Gag	stronger	then	the	monomer	(weak	Gag-Gag	contacts)
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+3kBT +2kBT
-10kBT +5kBT

>~	0 Driven	assembly

gRNA
RNA

PM

+

PM

+
gRNA

RNA

Few	extended	Gags	form	stable	nucleus	that	grows	via	
accumulation	of	Gag	from	cytoplasm	that	is	strongly	driven	

by	release	of	RNA	from	it.	
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Conclusions	
• Psi	RNA	signal	initiates	the	assembly	by	binding	several	Gag	molecules	to	nearby	specific	

NC	sites	at	once,	thereby	allowing	these	Gags	to	simultaneously	attach	their	MA	domains	
to	PM	without	dissociating	from	Psi	RNA.

• At	low	[Gag]	the	non- specific	RNA	cannot	initiate	assembly,	as	one	extended	Gag	
molecules	is	unstable,	leading	to	assembly	nucleation	only	on	Psi	RNA.	

• Virion growth	after	assembly	nucleation	happens	by	cytoplasmic	Gag	joining.	It	is	driven	
by	cellular	RNA	release	from	those	Gag	(entropic	assembly).

• gRNA	dimerization	happens	at	the	stage	of	assembly	nucleation,	as	the	dimer	of	Psi	RNA	
binds	twice	as	many	Gag	molecules	as	monomer,	and	this	higher	Gag	oligomer	attaches	
stronger	to	PM	for	assembly	to	proceed.

• Gag-Gag	interactions	are	weak	(~2	kBT)	compared	to	the	entropy	of	RNA	release	upon	
Gag	joining	the	assembly	(~10kBT).	Thus,	Gag-Gag	interactions	contribute	moderately	to	
virion assembly	and	selective	gRNA	packaging.

• Other	retroviruses,	most	likely,	select	their	genomes	differently,	as	flexibility	of	Gag	and	
competitive	binding	of	its	MA	and	NC	to	RNA	or	PM	are	essential	feature	of	HIV,	but	not	
of	many	other	retroviruses.
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How	mature	HIV	capsid	“uncoats”?



Model	II
RTion has	to	complete	for	uncoating.
Intact	capsids	observed	with	full	

length	v-dsDNA by	the	nuclear	pore.	

N.	Arhel et.al.,	2009G.	Mirambeau et.al.,	2010

Does	reverse	transcription	(RTion)	happen	
before	or	after	mature	HIV	capsid	uncoating?

Model	I
RTion happens	in	cytoplazm after	

uncoating - traditional	view	 24



Immature	and	mature	HIV-1	capsid

Ganser-
Pornillos
et	al,	Curr
Opin
Struct Biol
18:203-17	
(2008).

NC	protein	is	processed	from	Gag	and	aggregates	with	vRNA inside	
mature	capsid	prior	to	RTion 25



RTion inside	mature	capsid is	possible

50-60	nm

Internal	holes	in	
capsid ~10nm

10
0	
-1

20
	n
m

•~8	nm	holes	in	capsid	make	it	
transparent	to	dNTPs	and	RT	inhibitors,	
but	not	to	larger	molecules;
•Endogenous	RTion happens	in	mature	
virions;
•RTion up	to	full-length	vDNA detected	
in	mature	capsids;
•No	host	cell	factors	are	needed	for	
RTion or	uncoating;
•Higher	or	lower	capsid stability	lead	to	
RTion defect.

26
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•HIV	mature	capsid	has	pores	at	the	
hexamer center	that	are	surrounded	by	
six	Arg and	strongly	bind	nts;
•Size	of	the	pore	is	regulated	by	pH. The	
pore	is	open	at	pH<7	and	closed	at	pH>7.
•Movement	of	the	Beta	turn	of	NTD	CA	
regulates	pore	opening	and	closing;
•Kinetics	of	nts on	and	off	is	very	fast,	i.e.	
close	to	diffusion	limit;
•These	pores	are	strongly	conserved	in	
most	retroviruses;
•Mutation	of	Arg lead	to	slowed	on	
kinetics,	poor	RTion and	infectivity,	but	
increases	the	capsid	stability;
•This	pore	regulates	the	in	capsid	RTion
rate	.

HIV	capsid	has	dynamic	pores	that	import	nucleotides	for	RTion



RTion and	capsid uncoating are	inter-dependent
Hulme,	Perez	and	Hope.	PNAS,	2011	

•Faster	uncoating of	in	vitro	less	stable	
CA	mutants;
•NVP	stalls	both	RTion and	uncoating
•Time	of	late	RT	products	formation	
correlates	with	uncoating Time	PI	(h)

+nevirapine

-nevirapine

Time	PI	(h)

Hyperstable CA

Unstable	CA
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NA	aggregation,	
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Zinc	finger	domain-
NA	duplex	destabilization,	

specific	binding

Could	NC	control	mature	HIV	capsid	uncoating?	

NC	binds	NA	as	a	mobile	cation with	effective	charge		~+3.5
NC	concentration	inside	mature	HIV	capsid is	~10	mM

How	can	RTion regulate	uncoating?
What	is	the	state	of	vRNA and	vDNA during	RTion?

How	can	mutations	in	NC	affect	state	of	NA	during	RTion and	capsid	
uncoating? 29



T7	phage	DNA	+	spermidine4+ =~100nm	
diameter	toroid

Chattoraj,	Gosule,	Schellman 1970

Multivalent	cations with	charge	≥3	condense	polymeric	
dsDNA into	tightly	wound	toroids

N.Hud et.al 2005

λ-phage	DNA	+	Cobalt	Hexamine3+=~100nm	
diameter	toroid

No	reports	of	NC-induced	dsDNA toroids yet 30



•Volume	of	mature	capsid:	VCA=~105nm3;
•Self-volume	of	vRNAx2	&	v	dsDNA
=~4x104nm3 (fractional	occupancy	φ=40%	
VCA);
•Is	it	possible	that	such	low	φ of	DNA	will	
cause	capsid	uncoating?	Yes,	but	only	for	low	
stability	capsid	with	weakly	condensed	
dsDNA.
•NC-condensed	dsDNA is	expected	to	form	
torus	with	size	determined	by	dsDNA’s
length,	persistence	length	and	strength	of	
NC-induced	DNA	self-attraction.
•dsDNA is	rigid,	and	torus	size	can	be	large	
for	small	DNA	length.
•Size	of	NC-condensed	dsDNA toroid	growing	
with	RTion may	lead	to	capsid	uncoating.

Possible	scenario	for	NC-dependent	RT-driven	capsid	uncoating

flexible	
ssRNA+NC

RTion

inflexble
dsDNA+NC

31
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“Uncoating”	phase	diagram

Strength	of	NC-induced	dsDNA self-attraction
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HIV	capsid	uncoating possible	only	for:
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•Core	pinching	happens	at	the	narrow	capsid	end	and	
corresponds	in	time	to	burst	in	capsid	rigidity.		
•Capsid	rigidity	burst	co-insides	with	formation	of	rigid	
filamentous	coiled	structure	within	the	capsid,	that	
disappears	after	the	capsid	burst.

Rousso et.al.	2017

AFM	imaging	of	RTion observes	formation	of	rigid	
filament	inside	the	mature	core
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Rousso et.al.	JVI,	2017.	RTion mechanically	initiates	HIV	capsid	disassembly

Is	uncoating driven	by	RTion?
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More	stable	capsid

RNaseH mutant

Rousso et.al.	2017

Stabilized	CA	mutant	core	does	not	break.
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•RTion is expected to lead to condensed dsDNA+NC toroidal
globule growing inside intact mature HIV capsid;
•Full length viral dsDNA would take up only ~20-40% of mature
capsid volume. However, the size of NC-induced DNA torus can
become larger then the capsid major radius, and can therefore
push on the capsid and lead to its uncoating. This regime is only
possible for weak NC-induced DNA self-attraction and weak
capsid stability typical of HIV;
•We predict the uncoating DNA length (or fractional capsid
volume occupancy by dsDNA) for any DNA self-attraction and
capsid stability parameters. Weak capsid can be uncoated by
weakly self-attracting DNA at low volume occupancy ≤1;

Conclusions
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•Mutations in NC causing changes in its DNA condensing ability
are expected to lead to either early (weaker DNA attraction) or
late (stronger DNA attraction) uncoating, both detrimental to
HIV life cycle;
•Mutations in CA that make capsid more stable will take longer
time and larger dsDNA length to uncoat;
•Small hole in the capsid (partial uncoating) will lead to the loss
of the dsDNA-condensing NC and subsequently to complete
uncoating.
•Mutations of Rnase H domain of RT precludes dsDNA synthesis
and eliminates uncoating.
•Rtion rate may be modulated by solution conditions (dNTP
cons, salt, pH) and presence or absence of mature core, as well
as transparency of its pores to dNTPs. This may slow or
facilitate Rtion, but the uncoating is expected to happen when
the same length of dsDNA is synthesized.

Conclusions	- continued


