
VIROLOGY which manv researchers believe is responsible 

Viruses Have Many Ways to 
Be Unwelcome Guests 
LYONS, FRANCE-It's not easy being a virus. 
Unwanted and uninvited, these tiny microbes 
are totally dependent on their hosts for sur- 
vival. They usually show up with little bag- 
gage of their own, often wearing just a thin 
protein coat wrapped around a small cluster of 
penes. But if it seems that these lowlv visitors " 
hardly merit respect, they are nonetheless 
taken verv seriouslv for the disease and miserv 
they can cause. And despite their apparent 
molecular sim~licitv. viruses have evolved so- . ,, 
phisticated strategies to survive and propagate 
within their hosts. 

At a recent meeting* in this city 
straddling the RhBne and Sa6ne riv- 
ers, some 150 virologists gathered to 
review current research on the life- 
styles of more than 40 viruses that 
infect organisms from bacteria to hu- 
mans. "This is the first time in my 
memory that there has been a meet- 
ing that set out to look at as many 
viruses as possible," said Timothy 
Greenland of the Louis Pradel Hospi- 
tal in Lyons. During the 3-day meet- 
ing, researchers reviewed recent work 
on the many different schemes vi- 

Goffs group hunted for specific interac- 
tions between virus and host proteins using a 
technique called the yeast two-hybrid system, 
in which "bait" and "prey" proteins are fused 
to separate genetic factors that turn on detect- 
able "reporter" genes when the proteins bind. 
The team demonstrated that the human en- 
zyme cyclophilin A-which is thought to 
help cellular proteins fold properly-binds 
tightly to a specific site on an HIV-1 structural 
protein called Gag. Goff and other researchers 
went on to show that the enzyme actually 
becomes incorporated into the virus structure 

for a type of skin tumor often found in  older 
European men and HIV-infected patients. 
KSHV's DNA-based genome, which contains 
at least 140,000 nucleotide base pairs, includes 
genes coding for myriad humanlike proteins, 
among them homologs of molecules that regu- 
late cell proliferation, intercellular signaling, 
and immune functions. 

Exactlv what use the virus makes of 
these proteins is still under investigation, 
although Weiss points out that another 
member of the herpesvirus family, cytome- 
galovirus, is known to produce its own ver- 
sions of cellular proteins that modulate the 
immune response (see Article on p. 248). 
"We are sure these genes do something for 
the survival of the virus, although they 
may not be necessary for basic replication." 
Weiss adds that various combinations of 
these pirated genes "may be necessary for 
viral growth in particular cell types under 
certain conditions." 

Another intriguing case of gene piracy 
was reported at the meeting by Michael 
Skinner of the Institute for Animal Health 
in Compton, U.K. In as-yet-unpublished 
work, Skinner's group has identified sev- 
eral genes in the fowlpox virus, which in- 
fects-chickens, that are homologous with 
genes found in a wide variety of other or- 
ganisms, including yeast, roundworms, and 

-. mammals. The pirated genes include some 
that resemble genes coding for so-called 
SNAP proteins in mammals and squid, 

ruses use to pursue their unwelcome L (T\ ...- , '1 proteini involved in shuttling large mol- 
cohabitation with Making themselves at home. Fowlpox virus particles ecules around within the cell in bodies 
ing slavish dependency, blatant mo- dot a cell from a chick embryo. called vesicles. Others look like genes that 
lecular thievery, and occasionally code for proteins of unknown function in 
haughty independence. 

Borrowers and lenders. Althoueh vi- a 

ruses form very intimate bonds with their 
hosts. manv contribute onlv the bare mini- 
mum to the relationship. This is particu- 
larly true of the RNA-containing retro- 
viruses, which reverse the normal flow of 
genetic information by using an enzyme 
called reverse transcriptase to transcribe 
their single-stranded RNA into double- 
stranded DNA. Retroviruses, whose ge- 
nomes are rarely longer than 10,000 nucle- 
otides-the building blocks of RNA and 
DNA-can produce very few proteins of 
their own and must beg, borrow, and steal 
whatever host proteins they need to carry 
out their life cycle. Stephen Goff of Colum- 
bia University in New York City reviewed 
work that he and his collaborators, includ- 
ing Jeremy Luban of Columbia, have done 
over the past few years on the hijacking of 
host proteins by HIV-1, the retrovirus that 
causes most cases of AIDS. 

' Strategies in Virus-Host Relationships, Lyons, 
France, 16-1 8 February. 

and that each virus particle contains some 200 
molecules of cyclophilin A. Just why HIV-1 
needs this host protein is still unclear, al- 
though some researchers have speculated that 
cyclophilin A may help the virus assemble 
itselfproperly. But Luban and other investiga- 
tors have shown that without cyclophilin A, 
HIV-1 cannot infect its tareet cells. makine ., - 
the protein's interaction with Gag a possible 
target for therapies. 

kather than just borrowing host pro- 
teins, as retroviruses do, many larger viruses 
have pirated host genes and made them a 
permanent part of their own genetic reper- 
toire, thus acquiring the ability to produce 
their own versions of proteins that origi- 
nally came from cells. "Viruses with large 
genomes have the capacity to incorporate 
host genes," says Robin Weiss of the Insti- 
tute for Cancer Research in London. "They 
already have 50 or 60 genes, so they can 
borrow a few more." One such pilferer, de- 
scribed bv Weiss in a talk at the meetine. is -. 
Kaposi's sarcoma-associated herpesvirus 
(KSHV), which was identified 3 years ago 
by scientists at Columbia University and 

the roundworms Caenorhabditis elegans and 
Trichinella spiralis. 

Skinner told the meeting attendees that 
because these homologous genes are found in 
all strains of fowlpox so far studied, they must 
play an important role in the virus's interac- 
tions with its host. For example, he specu- 
lated that the viral SNAP proteins might 
subvert normal cellular transport processes 
to allow viral assemblv. Altemativelv. he , . 
said, they could interfere with antigen pre- 
sentation, the process by which infected cells 
ferry proteins from a foreign invader to the 
cell surface to alert the immune system. 

But how did all these diverse genes find 
their way into the fowlpox virus? Skinner 
hypothesized that retroviruses may have 
served as go-betweens. At some point in 
evolution, he suggested, the reverse tran- 
scriptase of retroviruses may have copied 
messenger RNA-an intermediarv molecule 
betwee: DNA and proteins-frim a host 
organism back into the complementary 
DNA form. This DNA could then have been 
picked up by the fowlpox virus and incorpo- 
rated into its genome. 
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alone. Most viruses de- 
y on the host cell ma- 

t their genomes rep- 
viruses can use cel- 

lular replication enzymes once 
they bave created,DNA copies of 
their genomes via reverse tran- 
scriptbe, and DNA-containing 
viruses such as herpesviruses can 
use the celhrlar machine directly. 

containing&ble-stranded RNA 

F 
But one group of viruses, those 1 
molecules, have to be more *If- 1 

search of I I ecular build- 
% ing blocks, double-stranded 
f RNA viruses "stay intact 

and suck in the nutrients 
they need to replicate 5 their RNA," says David 

sufficient,. bringing most of their 
own repIication enzymes into the 
cell with them. The reason is 
simvle: Host cells do not have the Self-sufficiency. A rotavirus particle 
nzimes necessary to replicate (tW right) produces its own messenger 
ouble-stranded RNA. RNA strands, visible in a computer-en- 

hanced image (bottom). A computer A by B. '' Venkataram model of part of the virus shell shows a 
ad of Baylor College of bfedi- ~ossible ~ a t h  for the strand. 

B cine in Houston illustrated the ' 

lengths to which these viruses must go to of double-stranded RNA. 
reproduce. a e r  the past few years, Prasad's Last year, using a tech- 
group has been explodng rhe replication ma- nique called electron cryo- 
chinery of the rotavirus, one of the most im- microscopy, which gives a 
portant causes of severe diarrhea in children, high-resolution picture of 

,& Bishop of the ~ k t e u r  In- e stitute in Paris. And re- 
. markably, once rotavirus 

$ has replicated its double- [ stranded RNA, Prasad 
saw single-stranded mes- ' I aenarr RNA mok~ules ex- - 
iting from the virus via 
narrow channels through 
the protein layers. They 
were presumably on their 
way to the cell's protein- 
making machinery, when 
they would direct the pro. 
duction of proteins needec 
by new virus particles. 

Given the wide rangc 
of strategies viruses havc 
evolved to adapt to life 
within their hosts, it is no 
wonder mearchers havt 4fl &using more than n million death around hma, ~ e l l - ~ ~ r v e d  viral particles, P d  faad such daunting chal1engb h caming up 

-, the world each year. Eadie~ 
f;: team and other researchers 
,sC rotaviruses wear three protein coats: an outer the 

garment that is shed when they enter their con i S target cells in the intestinal lining, and two tion. Unlike most viruses, which come moving target." 
1; inner layers that shelter 11 separate segments apart after infecting a cell and then go in 

?&"i' 
I , % . T h e  ancients knew that glass could bend light, seen 

but it took the genius of Albert Einstein centu- time 
ries later to realize that gravity can perform the stein 

:-' same trick. In much the same way as a glass lens infra 
* : can focus light, a sufficiently huge 

work centered on Jodrell Bank and spa 
ning 250 kilometers across England 
Cambridge, then zooms in for a closer lo 

At radio wavelengths, the new system, 
dubbed B1938+666, looked like an arc 
rather than a complete ring, because the 
radio emissions come from two off-center 
regions in the source galaxy. But when the 
researchers took another look with an in- 

Society, "is a clear, textbook ex- axy into an arc, infrared light into a complete ring. 
ample of gravitational lensing at 
work," says team member Roger Blandford of Neal Jac~son, of Brlraln s joarell Bank radio 
the California Institute of Technology in telescope, near Manchester. 
Pasadena. Although Einstein rings have been The group, which also includes Dutch 




