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ABSTRACT: Vesicular stomatitis virus (VSV) is composed of a ribonucleoprotein core surrounded by a
lipid envelope presenting an integral glycoprotein (G). The homotrimeric VSV G protein exhibits a
membrane fusion activity that can be elicited by low pH. The fusion event is crucial to entry into the cell
and disassembly followed by viral replication. To understand the conformational changes involved in this
process, the effects of high hydrostatic pressure and urea on VSV particles and isolated G protein were
investigated. With pressures up to 3.0 kbar VSV particles were converted into the fusogenic conformation,
as measured by a fusion assay and by the binding of bis-ANS. The magnitude of the changes was similar
to that promoted by lowering the pH. To further understand the relationship between stability and conversion
into the fusion-active states, the stability of the G protein was tested against urea and high pressure. High
urea produced a large red shift in the tryptophan fluorescence of G protein whereas pressure promoted a
smaller change. Pressure induced equal fluorescence changes in isolated G protein and virions, indicating
that virus inactivation induced by pressure is due to changes in the G protein. Fluorescence microscopy
showed that pressurized particles were capable of fusing with the cell membrane without causing infection.
We propose that pressure elicits a conformational change in the G protein, which maintains the fusion
properties but suppresses the entry of the virus by endocytosis. Binding of bis-ANS indicates the presence
of hydrophobic cavities in the G protein. Pressure also caused an increase in light scattering of VSV G
protein, reinforcing the hypothesis that high pressure elicits the fusogenic activity of VSV G protein. This
“fusion-intermediate state” induced by pressure has minor changes in secondary structure and is likely
the cause of nonproductive infections.

A virus particle is composed of either a membrane proteolytic processing of the glycoprotein. Entry of VSV into
enveloped or a nonenveloped protein shell and nucleic acid.cells occurs after endocytosis within the low-pH environment
Enveloped animal viruses must undergo membrane fusionof the endosomess( 6). Binding and fusion are mediated
to deliver their genome into the host cell ). Membrane by VSV glycoprotein (G) §—9). The VSV fusion process
fusion is crucial in many other biological functions such as involves a series of steps that is initiated by exposure to low
trafficking of endocytic and exocytic vesicles within eu- pH (10) and results in a conformational change in the G
karyotic cells {(—4). In enveloped viruses, fusion is mediated protein, which leads into the exposure of hydrophobic
by virus surface glycoproteins. The fusion event has beendomains T, 9).

widely studied for several viruses including the myxoviruses, /gy is the prototype of theRhabdairidae and is

Ebgla viru_s, influenza and parainfluenza viruses, }‘lilovi[]uses, composed of an RNA genome of negative sense, five viral
and retroviruses4). The most common feature of all of these 1 qteing and membrane lipids derived from the host a@)L (

viruses is that their fusion glycoproteins are synthesized as zgor entry, VSV interferes with several metabolic functions
precursors that gain the function of membrane fusion by i the host cell. The infectious component of VSV is the
proteolytic cleavages( 5). Vesicular stomatitis virus (VSV) - in 5 cleoprotein core, where the RNA is tightly encased
belongs to a distinct group in which there is no postassembly by the nucleocapsid p’rotein (N), also associated with two

minor proteins: L and NS. The VSV membrane contains
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Hydrostatic pressure has been used to study assembly of Liposome Preparation1,2-Dipalmitoyl-2-oleylsn-gly-
multimeric proteins and viruse4%—17). The combination cero-3-phosphocholine (DOPC), 1,2-dipalmitaylglycero-
of thermodynamic and structural approaches has shed light3-phospha--serine (sodium salt) (DPPS)-(7-nitro-2,1,3-
into the general rules that govern virus assemt—21). benzoxadiazol-4-yl)phosphatidylethanolamiNeNBD-PE),
In several animal viruses, pressure induces inactivation with andN-(lissamine rhodamine B sulfonyl)dihexadecanss-
no change or even increase in the immunogenicity, suggest-glycero-3-phosphatidylethanolamin®-RH-PE) were ob-
ing pressure as an alternative method to produce vaccinegained from Avanti Polar Lipids. Lipids were diluted and
(22—25). We have recently demonstrated that high pressure mixed in chloroform, and the lipid mixture was dried under
inactivates two membrane-enveloped viruses, influenza anda nitrogen stream. Lipid films were then hydrated in Fris
Sindbis, by trapping the particles in a fusion intermediate MES buffer (30 mM Tris, 20 mM MES), pH 7.5 for pressure-
state P6). induced or pH 6.0 for acid-induced fusion assay. Unilamelar
Here, we show that high pressure triggers a conformational vesicles were prepared by extrusion through polycarbonate
change in the G protein, which makes the particle primed membrane filters with a pore size of Ouim. Unlabeled
for fusion. Because pressure is a mild perturbation when liposomes were composed of DOPC:DPPS (1:1 molar ratio),
compared with denaturants and high temperature, it elicits and labeled liposomes were composed of DOPC:DRPS:
no dramatic changes in the structure of the whole particle. NBD-PEN-RH-PE at a percent molar ratio of 49.4:49.4:0.6:
Nevertheless, the pressurized particles are not infectious.0.6.
Different from other viruses the transition to the fusogenic  Fusion AssayMembrane fusion activity was monitored
conformation induced by pH in VSV is not irreversible. by using a fluorescence resonance energy transfer (FRET)
However, the increase in light scattering of VSV G protein assay. Fusion was detected as the decrease in rhodamine
and the changes in the binding of a hydrophobic probe (bis- fluorescence emission intensity. Fluorescence was monitored
ANS) produced by pressure were irreversible. This “fusion- in a thermostated cuvette holder with excitation at 460 nm
active state” induced by pressure has minor changes inand emission at 590 nm and continuous stirring. The lipid
secondary structure and is likely the cause of nonproductive mixing end point is defined as the fluorescence decrease
infections. observed at 590 nm on addition of Triton X-100 to 1%. The
fusion extension was calculated as a fraction of the total lipid
EXPERIMENTAL PROCEDURES mixing (fluorescence decrease observed for the sample
ChemicalsAll reagents were of analytical grade. Distilled divided by the total decrease observed in 1% of Triton
water was filtered and deionized through a Millipore water X-100) for each sample. Fusion was triggered by adding the
purification system. The experiments were performed at 20 virus samples to suspensions of mixed labeled and unlabeled
°C in the standard buffer: 10 mM Tris, pH 7.5. Ultrapure liposomes (1:1) at different pHs.
urea was obtained from Sigma Chemical Co. Fluorescence Spectroscopy and High-Pressure Measure-
Virus Preparation VSV type Indiana was grown on BHK-  ments Fluorescence spectra were recorded on ISSPC or
21 cells @7) in Dulbecco’s modified Eagle’s medium ISSK2 spectrofluorometers (ISS Inc., Champaign, IL). The
(DMEM) supplemented with 5% fetal bovine serum, 0.4% high-pressure cel20) was purchased from ISS Inc. (Cham-
vitamins, and 1% nonessential amino acids and buffered with paign, IL). The tryptophan residues were excited at 280 nm,
sodium bicarbonate. Purified viruses were prepared asand emission was observed from 305 to 420 nm. Changes

described before2@). in fluorescence spectra at pressprerere evaluated by the
Preparation of GlycoproteinG protein purification was ~ changes in the spectral center of masg[l

carried out as described beforg8( with the necessary

adaptations. Purified viruses were diluted in 10 mM Tris (pH W= ZviFi/ZFi ()

= 7.5) containing the detergent ocf§dp-glucoside (Sigma  whereF; stands for the fluorescence emitted at wavenumber
Chemical Co.) in a ratio to give a final concentration of 30 y; and the summation is carried out over the range of
mM octyl glucoside and 1 mg/mL virus protein. The appreciable values d¥.

suspension was allowed to stand at room temperature for 1 The samples were allowed to equilibrate for 15 min prior

h. Virus nucleocapsids were pelleted by centrifugation at to measurements being made (high-pressure and urea experi-
35000 rpm in a Beckman SW40ti rotor for 90 min at@. ments). This time was chosen because the spectroscopic
The supernatant was placed in a-13% sucrose gradient  changes reached a plateau within the first 10 min and did
containing 10 mM Tris (pH= 7.5), 500 mM NaCl, and 60  not change significantly during longer times (several hours).
mM octyl glucoside and centrifuged at 38000 rpm in a Bis-ANS was excited at 360 nm and the emission collected
Beckman SWA4Q0ti rotor for 20 h at 4C. The gradient was  from 400 to 600 nm. Changes were evaluated by changes in
collected in fractions of 50@L, and the absorbance was spectral area or in spectral center of mass as described above.
measured at 280 nm. The peak fractions were subjected tocConcentrations of the probe are as described in the figure
sodium dodecyl! sulfatepolyacrylamide gel electrophoresis |egends. Unless otherwise noted, experiments were per-
in the presence of denaturant agents to test for purity. Theformed at 20°C in 10 mM Tris, pH 7.5.

samples were then pooled and dialyzed ada#hd. of Light Scattering.Light scattering was measured in an
deionized distilled water. _ _ ISSPC spectrofluoromete8@). Scattered light (320 nm) was
Virus Labeling and Fluorescence Microscopyirus collected at an angle of 9Qo the incident light.

samples were labeled with fluorescein isothiocyanate (FITC)

(Molecular Probes Inc.), and cells infected with the labeled RESULTS

virus were observed in a fluorescence microscope as Pressure Corerts VSV Particles into the Fusogenic State
described previously1d). As Measured by Fusion with Cells and Liposonies:igure
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Ficure 2: Fusion of VSV particles to liposomes induced by
pressure or acidic pH. Fusion activities of different samples of VSV
were measured by means of lipid mixing between labeled and
unlabeled liposomes. Suspensions of labeled and unlabeled lipo-
somes were prepared at a ratio of 1:1, and fusion was triggered by

" i - adding the virus samples. (A) Native VSV does not induce fusion
Sl N Sy at pH 7.5. (B) Acid-induced activity was measured by adding the
Ficure 1: Endocytosis of native VSV vs fusion of pressure- hative virus sample to the lipid suspension preincubated at pH 6.0.
inactivated particles. BHK-21 cells were incubated with FITC- (C) Virus samples were pressurized at 3.1 kbarddn at pH7.5;
labeled VSV particles for 30 min. Phase contrast images of cells after pressure release the samples were added to a cuvette containing

are in panels a, c, and e. FITC fluorescence images are in panelgn€ lipid suspension at pH 7.5. The final protein concentration was
b, d, and f. (a, b) Cells infected with nonlabeled nonpressurized 0-85 mg/mL. All curves were obtained at 3Z. The arrows indicate

particles did not show FITC fluorescence. (c, d) Fluorescence of the moment of virus sample addition.
nonpressurized labeled virus is localized in cytoplasmic vesicles.
(e, f) Fluorescence of pressure-inactivated, labeled particles islipids happens, the density of fluorophores decreases, causing
dispersed in the cell. a decrease in transfer efficiency. Thus a decrease of the
fluorescence intensity of the acceptor can be used to monitor
the fusion process. Figure 2 shows that high-pressure
treatment (trace C) is equally efficient to elicit fusion as the
decrease in pH (trace B).

Binding of Bis-ANS Reals the Copersion of VSV into
the Fusogenic StateBis-ANS is a fluorescent probe that
binds noncovalently to hydrophobic segments of protein

1, we used a previously developed method to directly
visualize the early events of VSV viral infection by selective
fluorescence labeling of the G proteih4j. A pressure of
3.0 kbar reduces VSV infectivity by more than 5 orders of
magnitude 22). After 3 h at 2.5kbar, FITC-labeled VSV
was completely inactivated (infectivity titer reduced to zero).

While fluorescence of nonpressurized labeled virus enters . . :
the cell by endocytosis (Figure 1c,d), cells incubated with molecules. Binding of bis-ANS to these hydrophobic pockets

the virus primed to fusion by pressure displayed G protein causes an increase in. the fluorescence quantum yield of the
fluorescence widely dispersed over the cell profile with probe. This characteristic has _been used to observe protein
almost no localized high-intensity spots (Figure 1e,f). This Structural change<g, 31-33). Bis-ANS has also been used

is consistent with fusion to the surface membrane. Our results'© ff’”o"" changes in th_e confqrmatlon of an enveloped virus
suggest that VSV particles treated with pressure become?dS It assumes the fusion-active ste2é, (34, 35).
inactive but have a propensity to fuse with cell membranes. As bis-ANS binds to protein, one can observe an increase
Accordingly, although pressure induces a fusogenic state, itin the fluorescence emission intensity of the probe as well
inactivates the particle, preventing internalization by en- as a blue shift of the emission energy. To study the binding
docytosis. The attachment of inactivated VSV to the cell Of bis-ANS to VSV glycoprotein, a highly purified G protein
without eliciting infection may be crucial to evoke a strong Was obtained as described in Experimental Procedures
immune response, which is particularly relevant for the use (Figure 3A). The purity of the purified proteins was assessed
of hydrostatic pressure as a tool to produce antiviral vaccinesby gradient SDSPAGE from 7% to 15% in the presence
(22, 24, 25, 39). of denaturant agents (inset of Figure 3). The isolated G
The fluorescence microscopy studies indicate that pressureProtein binds bis-ANS with high affinity, and the titration
incubation of VSV leads to irreversible conformational curve levels off at about 2M (Figure 3A).
changes in the G protein that are probably similar to those Because bis-ANS binding to VSV particles occurs mostly
promoted by low pHs. To evaluate quantitatively the changes in the G protein, it could be used to evaluate the changes
produced by high pressure into a fusion-active state, mea-into a fusogenic state of the G protein in the VSV particle
surements of lipid mixing between VSV virus particles and (Figure 3B). The correlation between the fusogenic state and
liposomes were performed (Figure 2). Lipid vesicles were binding of bis-ANS has been established for influenza virus
prepared with two incorporated fluorescent lipid derivatives, (34, 35) and HIV 36). Similarly to influenza virus, the
N-NBD-PE (fluorescence donor) ahdRh-PE (fluorescence  fusogenic state of VSV triggered by pH undergoes a
acceptor), as described in earlier studi26).(Because the  significant increase in the fluorescence of bis-ANS (Figure
efficiency of energy transfer is dependent on the surface 3B). We used low pH as a general destabilizing agent
densities of fluorophores in membranes, when the fusion associated with pressure with the aim to compare the
event takes place, and mixing between labeled and unlabelecconformational changes promoted by both pressure and low
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FiIGURE 4: Changes in bis-ANS fluorescence bound to VSV as a
[bis-ANS] (uM) function of pressure and subdenaturing urea concentrations. VSV
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following: no urea (circles); 0.5 M urea (squared) M urea
(triangles) 2 M urea (inverted triangles). The excitation wavelength
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(Figure 3B). The small decrease observed in the initial points
can be explained by the effects of pressure on some less
specific sites in the glycoprotein or in the membrane, which
are also sensitive to pressure.

6} Conformational changes caused by urea and pressure are
L L ' ' ' ' different, but the concomitant utilization of subdenaturing
0008 12 18 24 30 urea concentrations and pressure can give insight into protein
Pressure (kbar) stability studies 7). VSV suspensions were subjected to
Ficure 3: Pressure-induced enhancement of bis-ANS fluorescencepressure in the presence of urea (Figure 4). Bis-ANS binding
bound to purified G protein and to whole VSV patrticles at neutral was observed for different urea Concentrations_zu\ﬂ)_
and low pH. (A) Purified G protein was incubated at different ;
concentrations of bis-ANS and the total fluorescence measured. ThePre.ssure an.ne (?aused conformational changes observgd as
fluorescence of bis-ANS in the absence of protein was subtracted@n increase in bis-ANS fluorescence. As the concentration
from the fluorescence of bis-ANS in the presence of G protein. Of urea is increased, lower pressures are needed to promote
The excitation wavelength was 360 nm and the emission rangethe increase in bis-ANS binding. Samples pressurized in the
400-600 nm. Other experimental conditions are as described U”derpresence of urea presented more relative increase in bis-ANS
Experimental Procedures. (Inset) Purified G protein samples were - .
analyzed by gradient polyacrylamide gel electrophoresis from 7% ﬂuorgsqence than the Sample_s_ pressurized without urea,
to 15% under denaturant conditions: VSV particles (lane 1); confirming that urea has magnified the effects of pressure.
fractions of two different sucrose gradients containing purified G Urea has been previously used to attain the fusogenic state
protein (lanes 2 and 3). The arrowhead indicates the position of of influenza viruses ). Our results indicate that the
the G protein band. (B) VSV suspensions were diluted in 10 mM fusogenic state of VSV is triggered by pressure and that it

Tris buffer, pH 7.5 (open circles), or in 10 mM Bis-Tris buffer, . - . -
pH 6.0 (closed cicles), to a final concentration of J@@mL. In involves exposure of hydrophobic domains. Similar to

both samples the bis-ANS concentration wagM. Open and influenza viruses?), urea appears to cooperate to attain the
closed triangles at the left represent the value of bis-ANS fusion-active state.
fluorescence after decompression for the samples at pH 7.5 and Comparison of Pressure Stability of G Protein and VSV.
6.0, respectively. Data points represent the average of _threep . tudies h h that h
measurements, and the standard deviation was within the size of" '€ VIOUS Studies have shown thal pressure causes changes
the symbol. to VSV particles leading to inactivatior2?, 31). Figure 5
shows the comparison of pressure stability of VSV entire
pH (Figure 3B). During the viral infection cycle the acid particles and isolated G protein. Both samples were subjected
pH is crucial to elicit infectionZ). VSV entire particles were  to increasing values of pressure up to 2.9 kbar. The changes
incubated in neutral (Figure 3B, open circles) or acid pH were followed by tryptophan emission fluorescence as
(Figure 3B, filled circles), and bis-ANS fluorescence was observed by the changes in average energy of the emission
measured. Samples were then subjected to increasing hy{the spectral center of mass in wavenumbers). Considering
drostatic pressure. The initial points in the curve show that the content of tryptophans of all the different viral proteins
VSV incubated in low pH binds more bis-ANS at atmo- (39—41), VSV entire particles contain approximately 33913
spheric pressure than the samples in pH 7.5. This is intryptophans. Since each G protein contains 13 tryptophans
agreement with the uncovering of hydrophobic segments and there are approximately 1205 molecules of G protein/
induced by low pH. Bis-ANS binding increases gradually particle, the tryptophans in G proteins account for 47% of
at pH 7.5 as pressure increases, whereas at pH 6.0 a slighthe total. A similar relation exists for the tyrosines. Thus,
change was observed. Pressure effects were partially ir-about 50% of the intrinsic fluorescence of whole VSV
reversible. When pressure was released, values of bis-ANSparticles comes from the G protein. VSV entire particles
fluorescence changed to the same value for both sampleqsquares) and isolated G protein samples (circles) show
(triangles), this value being different from the initial point similar changes under pressure treatment. The results in
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e § = oso b particles present in the suspension. There was an increase
0'0 0'8 1'6 2'4 3'2 — in light scattering caused by increasing pressure (Figure 6C),
0 08 16 24 3. 0 2 4 6 8 . . - -
Presaure (kbar) (Urea] (M) suggesting that high pressure promoted more interactions

. : ) . between G protein molecules. A decrease in light scattering
FIGURE 6: Stability of G protein against pressure and urea. Purified was observed with the increase of the urea concentration

G protein samples were diluted in 10 mM Tris buffer at pH 7.5 to Fi 6D). Th | | h
a final concentration of 10@g/mL. The fluorescence excitation ~ (Figure 6D). These results strongly suggest that pressure

wavelength was 280 nm, and the emission wavelength range wascauses much less change in the tertiary structure of the G
305—420 nm. Changes in tryptophan fluorescence emission spectraprotein than urea.
A with the norease in Lra comcentiation (3). (C) erease . ¢ 21s0 compared the changes in secondary structure of
light scattering values as a function of pressu(re)agd)(D) decreasethe G.proteln produced by pressure and urea. The circular
in light scattering values by urea treatment. For light scattering, dichroism at 222 nm was less than 5% changed after pressure
the samples were excited at 320 nm, and scattered light wastreatment, whereas low pH reduced the ellipticity by 52%
measured at the same wavelength. Data points represent the averagend 8 M urea reduced it to almost zero. It can be concluded
of three independent measurements. that pressure causes little or no change in secondary structure
Figure 5 demonstrate that pressure-induced inactivation ofin contrast to urea that causes complete unfolding of the G
VSV is due to changes caused on the G protein spikes thatprotein.
protrude through the virus envelope. Hydrophobic Exposure of the G Protein As It Is Gerted
Pressure and Urea Stability of G Proteifihe stability of into the Fusogenic Statelo evaluate the nature of the
VSV glycoprotein under urea and pressure treatment wasconformational changes in the G protein, purified samples
tested. Figure 6 shows the changes in G protein tryptophanwere incubated with bis-ANS and subjected to pressure or
fluorescence emission by means of the spectral center ofurea treatment (Figure 7). Increasing pressure did not cause
mass. Pressure caused only a partial conformational change significant change in the fluorescence intensity, but a blue
(Figure 6A) while the urea treatment promoted total dena- shift of the emission could be observed in Figure 7B and
turation of the protein (Figure 6B). Light scattering measure- titrated by the changes in the energy of emission (Figure
ments were used to assess information on the size of the7C), indicating binding of the probe to hydrophobic sites.
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High urea concentrations completely eliminated bis-ANS This suggests that pressure is populating a common inter-
binding (Figure 7D,E). The increase in the average wave- mediate state from which the final conformation is reached.

pressure treatment indigates partition into more hydrophobic showed that urea promoted complete unfolding of the protein
segments as pressure increases (Figure 7C). whereas pressure promoted only a partial conformational
The exposure of hydrophobic segments could be respon-change (Figure 6). The bis-ANS binding assays show that
sible for promoting more proteinprotein interactions as  this probe binds to the native protein and that the confor-
observed in Figure 6 with the increase of light scattering as mational change promoted by pressure leads to the uncover-
a function of pressure. The fact that high urea concentrationing of hydrophobic segments, as indicated by the increase
abolishes bis-ANS binding is in agreement with the drastic in the spectral center of mass of bis-ANS (Figure 7C) and
conformational changes in fluorescence, light scattering bis-ANS spectral area (Figures 3 and 4). These results also
(Figure 6), and circular dichroism. The lack of bis-ANS indicate the presence of hydrophobic cavities in the protein.
binding is characteristic of the absence of structure, confirm- High urea concentrations completely eliminated the bis-ANS
ing the complete denaturation of G protein by high urea pinding (Figure 7D,E), confirming the protein denaturation
concentrations. and the different nature of the changes caused by urea and
pressure.

Pressure provokes inactivation of VSV particl2g)( The

The VSV glycoprotein is the protein responsible for cell changes caused by pressure on VSV particles and isolated
receptor recognition and membrane fusion. The acid pH in G protein samples are very similar, suggesting that the virus
the endosome is required for the protein to trigger its inactivation caused by pressure is due to changes on the G
fusogenic activity 2, 5, 6, 9, 42). We investigated the effects ~ protein (Figure 5). G proteins appear to undergo aggregation
of high hydrostatic pressure and urea on the VSV G protein at pH 5.9 in the absence of a target membrat®} (jkely
to understand the conformational changes involved in its because of the exposure of hydrophobic regions. We do find
fusogenic activity. Here we show that hydrostatic pressure that pressure promotes proteiprotein interactions as ob-
switches the VSV G protein into the fusogenic state. The served by the increase in light scattering of purified G protein
pressure-induced fusion of VSV with liposomes was of equal (Figure 6C). Hydrostatic pressure can either induce or prevent
magnitude to that triggered by low pH (Figure 2). protein aggregatiom6—47). The uncovering of hydrophobic

Previously, we have shown that both influenza and Sindbis S€gments in viral_ particles caused by pressure resembles the
viruses are inactivated by pressure with the main changelow-pH effect (Figures 3, 4, and 7C). Gaudin et &3)(
occurring in the envelope protein that undergoes a transition ©0served morphological changes of rabies particles when
to the fusogenic state26). This is in agreement with the ~ they were aggregated at pH 5.9. Morphological changes of
metastability model proposed to fusion proteins of enveloped VSV Were also observed after pressure inactivati®). (
viruses ). Meanwhile, irreversibility is a prerequisite for Pressure-induced conformation is not the desensitized state
metastability, and this is not the case for rhabdoviruses. It since it binds to the membrane of target cells (Figures 1 and
has been shown that Rhabdovirus family G proteins undergo2), and the described D state did not show interaction with
a reversible conformational change to the fusogenic statetarget membrane®). Pressure affects mainly hydrophobic
triggered by low pH§, 9, 43). In our studies, we have shown interactions, especially by inducing the penetration of water
that the conformational changes caused by pressure ar@molecules into protein structure48-50). It is likely that
partially irreversible at either pH 7.5 or pH 6.0 (Figure 3B). pressure-induced fusogenic conformation is the result of
However, the profiles presented by the curves in Figure 3B pressure effects on the hydrophobic interactions of G
suggest different ways to reach the same final conformation proteins, mimicking the change of proteiprotein interac-
observed after pressure release. Gaudin e48lhave shown  tions for protein-target membrane interactions. As this
by monoclonal antibody recognition and sensitivity to happens in the absence of the target membrane, this final
proteases that three different conformations of rabies virus conformation resembles the pH-induced fusogenic conforma-
G protein can be induced by the different pHs: (1) one tion. The irreversibility of the pressure effects (Figure 3) may
nonfusogenic native state at pH 7.4, (2) a second conforma-also have the contribution of the effects on the protein
tion that tightly binds to membranes but is still nonfusogenic lipid and protein-protein interactions, such as in the contacts
at pH 6.4, and (3) a third one at pH 5.9 that promotes between the G and M proteins in the VSV particle.

membrane fusion and virus particle aggregati®8).(All of High pressure was used in this study to characterize

these conformational changes could be reverted on reneuyessyre-induced conformational changes that lead to the

tralization except for the virus aggregation at pH 5‘.9' Pak et fusogenic state, similar to that characterized at acid AH (
al. ) propo_sed that VSV G undergoesapro_ton—dnven S.h'ft 6, 9, 43, 44). As the changes caused by pressure were
from the native T (tense) state at neutral pH either to a fusion- partially irreversible, we strongly propose that pressure is

active R (relaxed) state or to a fusion-inactive D (desensi- inducing a fusion-intermediate state of the G protein, which

tized) state. They also_ ShOV_Ved that the_ confo_rmatlo_nal gives rise to the loss of infectivity and causes nonproductive
changes are followed by insertion of the fusion-active region infections

of the protein into the target membrane (R state) or not (D
state) 44). _ _ ACKNOWLEDGMENT
Our results show that a compresstatecompression cycle
promoted the same global conformational change on both We are grateful to Emerson R. Ga@iees for competent
low and neutral pH forms of VSV G protein (Figure 3B). technical assistance.
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