
Another look 
at the flu virus 
T h e inf luenza virus has 
expe r i enced a m o s t 
c o m p r e h e n s i v e d i s sec t ion 
over the past 4 0 years. A l l o f 
its genes have been 
s e q u e n c e d , the prote in 
p roduc ts o f those genes have 
b e e n identif ied, and the 
frequent c h a n g e s in the virus 
have b e e n mapped . 
B e c a u s e o f their impor tance 
in the virus 's evo lu t ion 
and interact ion wi th m a n , 
t w o proteins e m b e d d e d 
in the viral coat , haemagg lu -
t inin and neuraminidase , 
have attracted m o s t interest. 

H a e m a g g l u t i n i n is the 
prote in respons ib le 
for b i n d i n g the virus to the 
ce l l wa l l and facilitating 
its entry in to the hos t 
c e l l ; because o f this c ruc ia l 
ro le , it receives the m o s t 
attention f rom the 
b o d y ' s i m m u n e system. Ecos 
31 descr ibed research 
that has revealed its three-
d imens iona l structure 
and g iven a detailed 
unders tanding o f its c h a n g 
ing nature. 

Neuramin idase , an 
e n z y m e that splits a sugar of f 
sugar—protein c o m p l e x e s , 
plays a suppor t ing ro le 
to haemagg lu t in in 
— it facilitates the virus 's 
exi t f rom the infected 
ce l l . T h i s in f luences the 
spread o f the virus f rom ce l l 
to ce l l . 

T h e body ' s i m m u n e 
system p roduces ant ibodies 
act ive against neuramini 
dase, but , s ince the 
virus d o e s n o t require 

Looking down on the box-like neuraminidase structure. 
The coloured arrows signify particular sequences of 
amino acids. The squares, triangles, and so on indicate 
where changes have occurred, and the stars indicate the 
active sites. 

Constructing a model of neuraminidase 

neuraminidase prote in 

du r ing the initial in fec t ion 

o f a c e l l , these ant ibodies 

d o n ' t confe r immuni ty f rom 

infec t ion . Rather they act 

by restr ict ing the spread o f 

the virus and, as a 

c o n s e q u e n c e , r educe the 

severity o f any attack o f the 

flu. 

T h e neuraminidase g e n e 

has b e e n subject to the 

same evolut ionary pressures 

as those exper i enced by 

the gene c o d i n g for 
the haemagglu t in in prote in . 
A n t i g e n i c drift, whe reby 
regular muta t ions h e l p the 
neuraminidase m o l e c u l e 
s idestep the ant ibodies , 
o c c u r s , as d o e s ant igenic 
shift — where it is suspec ted 
that r e c o m b i n a t i o n 
be tween different flu viruses 
( such as those infect ing 
ducks and m a n ) in t roduces a 
totally n e w neuraminidase 
m o l e c u l e in to the h u m a n flu 
virus. 

Scientists have identif ied 
the c h a n g e s that have 
o c c u r r e d in the neuramini 
dase gene dur ing an t igenic 
drift and shift. T h i s was 
an international effort in 
w h i c h C S I R O scientists D r 
C o l i n Ward , D r A h m e d 
A z a d , and D r T o m 
El l e rman , f rom the D i v i s i o n 
o f Prote in Chemis t ry , 
participated. 

N o w , in an important 
advance , co l l e ague s in the 
D i v i s i o n , D r Peter 
C o l m a n and D r Jose 
Va rghese , and D r G r a e m e 
Laver o f the John 
Cur t in S c h o o l o f M e d i c a l 
R e s e a r c h in Canberra, 
have used this in format ion 
and the t echn ique o f X -
ray crystal lography to p i e c e 
together a th ree-d imens iona l 
picture o f the neuraminidase 
m o l e c u l e . T h i s s h o w s 
where the major changes 
o c c u r and the pos i t ions o f 
the act ive sites — o r 
those parts o f the m o l e c u l e 
that are respons ib le for 
its activity. 

L i k e the haemagg lu t in in 
m o l e c u l e , neuraminidase is 
e m b e d d e d in the m e m b r a n e 
that surrounds the virus. 
T h i s m e m b r a n e is 
der ived f rom the ce l l that the 
virus has invaded. F o u r 
sub-units c o m b i n e to f o r m 
the c o m p l e t e neuraminidase 
m o l e c u l e , w h i c h extends 
o u t o f the m e m b r a n e 
o n a s lender stalk before 
expand ing into a box-shaped 
head ; small areas at the 
four corners o f the b o x e a c h 
const i tu te an active site. 
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T h i s site d o e s no t c h a n g e 
wi th ant igenic drift; any-
c h a n g e w o u l d interfere w i t h 
its func t ion ing and 
threaten the virus 's survival. 
A c c o r d i n g to the scientists , 
another reason w h y it 
may n o t be subject to c h a n g e 
is that ant ibodies c a n n o t 
reach it — e a c h active site is 
in a nar row cavity, and 
ant ibodies are too large to 
r each into such a cleft. 

B e c a u s e o f the protected 
nature o f the active site 
it is un l ike ly that scientists 
c a n cons t ruc t synthetic 
v a c c i n e s directed against it. 
H o w e v e r , they may be 
able to d e v e l o p anti-flu d rugs 
w h o s e o w n active site is a 
smal l p ro jec t ion that 
b inds to neuraminidase ' s 
act ive site — but, o f c o u r s e , 
this w o u l d involve a l o n g 
and expens ive research 
effort. 

M o s t importantly, the 
unrave l l ing o f the structure 
and func t ion o f bo th 
haemagg lu t in in and neura-
min idase has g iven 
scientists the m o s t c o m p r e 
hens ive descr ip t ion so 
far o f the surface structure o f 
any virus. T h e un ique 
vantage p o i n t that 
this provides wi l l b e 
invaluable in m o d e l l i n g the 
d y n a m i c relat ion be tween 
viruses and their hosts . In 
particular, it shou ld 
make poss ib le a better 
unders tanding o f h o w anti
b o d i e s work . 

A t the m o m e n t , interest in 
u s ing synthetic ant ibodies 
der ived f rom genet ica l ly 
eng inee red bacteria is 
widespread . H o w e v e r , a gen 
eral i gno rance obscu res 
the rules that govern 
ant ibody activity. 

T o d i scove r s o m e o f these 
rules , D r C o l m a n has 
ob ta ined purified crystals o f 
an t ibodies active against 
neuraminidase prepared by 
D r Laver and t w o 
scientists in the Uni t ed 
States, D r Rober t Webs te r o f 
the St Jude's Chi ld ren ' s 
Hosp i t a l in M e m p h i s , 

T e n n e s s e e , and D r G i l l i a n 
Ai r , an Austra l ian 
w o r k i n g at the Univers i ty o f 
A l a b a m a . D r C o l m a n is 
n o w sub jec t ing these 
ant ibodies to X- ray 
diffraction studies. T h e 
results c o u l d provide 
the m o s t c o m p l e t e pic ture 
yet o f h o w ant ibodies 
interact wi th their target 
protein. 
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