
T cells have been directlv involved in disease ~ n a l  ~ n o ~ l e l  can be extranolateii to liuman disease is initiated, the vredo~lii~iant effect mav 
inii~rctioni Also, the iiistitictton betxvee~i TH1 
and Tu?-like T cells is less clear in humans than 
in mice; a substantial number of human my- 
elin baslc protein-specific T cells have a TI& 
phenotype, and tlie minority hal-e a T,~,l phe- 
notype (9 ) .  Thus, further defi~iit io~i of these 
popirlations in the marmoset will be necessary 
before tlie finditios of G e ~ i a i ~ i  et al, can be firllv - 
~rnderstooii. Tlie investigators report changes 
tn IL-12, hut the cvtokitie most conslstent1.i 
associated with a T,~,L-like phenotype In hu- 
mans, IL-4, \?as not examl~ied. Thus, it is pos- 
sible that in the marmoset a T cell sirbset inter- 
meiiiate bet~veen TH1 and TH2, a T,L? T cell, 
co~rlil mediate dlsease, as has been sho~vn m the 
mouse EAE model ( 1 L"). 

T h e  possibilltv tha t  these ftndings are 
uliique for hIOG also needs consideration. 
.41itiboiiies to other myel i~i  antigens sirch as 
myell11 basic proteln or proteolipid protein, 
~vlitch hal-e been tlie primary focus of emerg- 
ing therapies, may have less influence o n  
iiisease course, but even this is uncertain. 

Flnally, tlie potelitla1 of a CDS' T cell 
population to mediate disease must be con- 
sidered: CDS' T cells specific for r.arlous 
myelin antigetis have been found (1 1 ) .  T h e  
results of Blanas et nl. ( 2 )  raise tlie possibility 
tliat a CD8' T cell population can be gener- 
ated after oral ailtni~iistratioli of antigen and 
can mediate disease. But ~t is unclear holv 
accurately results from a highly artificial ani- 

dtsease. As the  authors indicate, some ques- 
tions remain ruz:lino in their model. For ex- - 
ample, why does oral aii~lli~iistratio~i of anti- 
gen in a~iiillals expressi~ig 0L.A o n  the  msu- 
l i ~ i  promoter fail to provoke disease? 

.41iother area of colicern is that Tul-like T 
cells, altliough certainly litikecl to dlsease pro- 
ductlon, may be only one collipotient of the 
i~lltliirnological attack. Anttbody can exacer- 
bate EAE, so if a treatment on11- uartlallv re- , A 

duces the T,~,l response but augments the T,~,?  
response and increases antibody to an organ- 
speclfic autoantigen, the disease can get worse. 
Also, tlie role of CDS- T cells in autoimmune 
diseases is poorly deftned. Altliough CD4' T 
cells niay have a major role in tlie l~iitlal induc- 
tion of lnatiy autoimmune diseases, CDS- T 
cells, ivliich are cytotoxic and cat1 secrete 
pro~nflarnmatot~ cytoklnes and chemokines, 
may also contrib~rte to tissue iiamage (12).  

Despite these reservations, these findings 
and others reported previously uniierscore tlie 
fact that the  role of cvtokines in i m ~ l i ~ l n e  
regulation and iiisease is extremely compli- 
cated (see figure) and may depe~id o n  the tim- 
ing of the treatnient and o n  the dose. For es- 
atnrle, increased concentrations of cvtokines 

L ,  

s~rch as IL-19 at the itittiation of auto;mmu~ie 
disease ma\, enhance  the  disease process 
through mechanisms such as LIP-regulation of 
tliajor h~stocompatability cotliplex expresston. 
In contrast, when IL-18 1s aiiministered after 
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Losses from disease limtt the  proiiuctivity of 
agrtcultural crops, atid epidemics can have 
iievastatlng consequences-a good example 
being tlie late blight destruction of the Euro- 
pean potato crop in the  mtL{-19th century, 
ivhtcli caused mass starvatton anL{ precipl- 
tated a wave of e~liierattoti to Korth  America. 

b 

h l a n ~ ;  important plant diseases invo1~-e spe- 
clali:eL{ interactions between pathogen and 
liost. In 1947, Flor reported tliat tlie outcome 
of the interaction beta-een flas and the  flax 
rust fungus n-as iietermined by "correspond- 
mg" genes in the  two partners, lvliich led to 
the e l abora t~o~i  of the  "gene-for-gene" hy- 
pothesis. In  this scheme, a iiomilia~it resis- 
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tance (R)  gene co~ifers reslstance only to 
those races or strains of the  pathogen express- 
i ~ i g  the corresponiiing dominant avtrulence 
(my)  gene (1 ) .  This simple genetic relation, 
~ v h t c h  gives a good account of many plant- 
patlioge~i interactions, suggests a<pliysical 
ttiteractioli bet\veen the  proiiucts of paired R 
and n t r  genes. Tn-o  reports in  this issue 
filially provide iitrect evliience for such a 
ligand-receptor meclia~iism underlytng plant- 
pathoge~i  recognition (2 ,  3 ) .  

Many nvr genes have been tsolated, 
mainly from bacteria, and recently R genes 
that respond to specific bacterial, f~lngal,  or 
viral patliogem have been cloned frotu a va- 
rtety ofplants ( I  ) .  aL8r genes e~icode a d i v e r e  
group ofprote i~is  lvith ferv common features. 
In  contrast, R genes, which mediate resls- 
tance to diverse pathogens, share comnlon 
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be to i~ililbit T,~,l-like responses and functions. 
A n  example of these complexittes is IFN-y. 
Altliough IFS--/is thought to be the prototypic 
T,~, 1 cytokine, 1FX-i has some protective prop- 
erties in tlie E.4E niodel ( 12).  In contrast, aii- 
ministration of IFN--/ to patients with multtple , . 
sclerosis seems to increase disease (1 3 ) .  

Meclia~iis~lls of airtoimmunity are iuore 
complicatecl t h a n  a slmple T,-,1-TH2 iii- 
chotomv would suggest, hfore important, as we 
move into tlie clinic to treat cliro~iic diseases 
lvith treattnetits that are effective in sollie ani- 
mal models, clinicians milst carefully monttor 
the effect of these treatments. T h e  uotent~al for 
obtatliing results dliferetit from those preiilcteii 
from experiments in a~litllals or invitro is great. 
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struct~rral eletlie~its suggestive of a signal 
transductioti functio~i.  Iniieed, activation of 
R gene products induce the  hvpersensttive 
resistance response (1 ), a battery of protec- 
tive mecliantstns, and rapid iieath of chal- 
lenged host cells. Thus, Pto, lvhlch con~l i -  
tiotls resistance of tomato to bacterial speck 
disease caused by tlie Psezidomo~lns syringne 
pathovar to~iiato and was the  ftrst R gene 
isolated, e~ icodes  a cytoplasmic protein- 
serine-threonine ki~iase,  and other R genes 
encode proteins n-it11 leucine-rich repeats, 
often implicated in protelti-protein Interac- 
tions, and in some cases a-ith nucleotide bind- 
ing sites. Interestingly, tlie rice Sn21 gene, 
lvliicli co~ifers reslstance to  a pathogenic 
Xanthomonad, encoiies a receptor-like kinase 
with a putative extracelhrlar leucine-rich re- 
peat allL{ intracellular catalytic domains con- 
nected by a short tra~ismembrane region (4) .  

Al t l lo~rgh such a protein has oh\-ious 
stntctural attrthutes for interaction with sig- 
nals external to the  cell, it was unclear holv 
bacterial R genes encoding cvtoplastliic pro- 
teins might f~ltiction tn the  recognitton of 
extracellular patliogens. A clue came n-ith 
the  realization that tlie Hrp (hype~se~~sit iee 
response n~xlpiithogen~city) gene cluster m Inany 
phvtopathogentc bacteria enco~jes proteins 
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Psel&nwms together two Pto molecules for 
syrhgfwpathovar tomato cross phosphorylation. Pathway 

activation may also cause phos- 
' -+ I phorylation of the ligand itself. 

3 

'M, 
Genetic evidence indicates that 
Pto action requires a closely linked 
gene, Prf, which encodes a leu- 
cine-rich repeat protein (9). Al- 
though Prfdoes not appear to be 
involved in specificity, it may 
function as an anchor to localize 
the kinase (see figure). Physical 
interaction between Prf and Pto 
might create a two-component 
receptor system closely resem- 
bling the receptor-like protein 

Molecular specificity. A dlrect interaction between prod- kinase encoded by Xa21. It will 
ucts of a plant resistance gene (AvrPto) and an avirulence be interesting to see which re- 
gene (Pto) in a pathogen accounts for the gene-for-gene gion, if any, of the Xa21 product 
spec~f~city between plant and pest. interacts with the corresponding 

AvrXa2 1 protein. 
resembling components of the type 111 secre- The isolation of bacterial genes is highly 
tion system used by bacteria-such as Salmo- tractable, with over 30 cloned so far, and 
nella, Shigella, and Yersinia-for the secretion hence the use of two-hybrid selection may 
of virulence proteins into mammalian host prove to be a powerful approach for the 
cells (5, 6). Operation of such a mechanism isolation of new R genes, assuming at least 
(see figure) would allow avr gene products to some function as receptors for the correspond- 
interact with cytoplasmic plant proteins, and ing avr gene product. Two-hybrid screening 
in fact avrB from P. syringae glycinea induces 
an R gene-dependent resistance response I THEORETICAL BIOLOGY 
when ex~ressed as a transeene in ~ l a n t  cells (7). - 

should also give a quick test of the ligand- 
receptor mechanism in the recognition of 
viral and fungal pathogens for which R genes 
have been isolated. 

AvrPto and Pto are both relatively small, 
compact proteins and hence should be ame- 
nable to structural analysis by x-ray crystal- 
lography. It would be immensely satisfying if 
the series of brilliant studies starting with 
Flor's work 50 vears aeo culminate in the 

u 

elucidation of plant-pathogen recognition 
svstems at the anestrom level. Such informa- - 
tion would allow the rational design of R genes 
encoding receptors with novel recognitional 
specificities-powerful tools for engineering 
enhanced crop protection in the continuing 
struggle to secure food production. 
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. . 
~cofikld et al. (2) and?ang e; al. (3) report 

a similar effect when avrpto from P. srrin~ae Biologists Put on Mathematical 
tomato is expressed in plant cells carrying I%, 
and then take the story a decisive step further 
by demonstrating a direct physical interaction 
between the gene products with yeast two- 
hybrid genetic selection as an assay system (2, 
3). A second protein kinase, Fen, with greater 
than 80% sequence similarity to Pto, does not 
interact with the AvrPto protein. Fen, which 
is tightly linked to Pto, confers sensitivity to 
the insecticide fenthion but does not mediate 
resistance in response to avrPto. Creation of 
chimeric Pto-Fen proteins shows that the Fen 
gene product can be made competent to inter- 
act with the AvrPto ligand by substitution of 
a small segment of Pto involved in substrate 
binding, and mutations in either avrPto or Pto 
that render the plant-pathogen interaction 
biologically compatible likewise disrupt the 
physical interaction between the gene prod- 
ucts. Thus, the exquisite specificity that char- 
acterizes gene-for-gene biological incompat- 
ibility in plant-pathogen interactions can also 
be discerned at the molecular level. 
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Glasses 
Torbjorn Fagerstrom, Peter Jagers, Peter Schuster, 

Eors Szathmary 

Nothing has shaped the development of 
thought in physics more than Galilee's state- 
ment: "The book of Nature is written in the 
language of mathematics" ( I ) .  Physicists 
take it for granted that the important ques- 
tions have answers that can be cast into 
mathematical formulas. Ever since Newton, 
physics and mathematics have lived in a 
fruitful symbiosis, with a great deal of cross- 
fertilization to the benefit of both disci- 
plines. Physics, as we phrase it nowadays, is 
concerned mainly with the development of a 
comprehensive and unifying mathematical 

theory of Nature. The physicists are ap- 
proaching this goal by experimentation, ab- 
straction, and generalization. 

Biology differs from physics in that it 
has an indispensable historical component. 
This was stressed already by Ernst Haeckel 
and most properly phrased by Theodosius 
Dobzhansky in his statement that "noth- 
ing in biology makes sense except in the 
light of evolution" (2). For this and other 
reasons, much of biology has traditionally 
described the overwhelming diversity and 
unique variability of the living world and 
has used a scientific methodoloev based on 
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