
Taking the glue out of carbs

While the stakes are huge, the science is relat ively clear:  For bac-

ter ia and viruses to take hold in the human body, they have to

st ick to cel ls.  They have proteins that bind to carbohydrates (also

cal led glycans).  These glycan-binding proteins, or GBPs, seek out

carbohydrates on the surfaces of the cel ls of the human host.

Al l  human cel ls also express a battery of di f ferent GBPs that are

important in human cel l  biology and cel lular interact ions-for

example, st icking together.

l f  scient ists can block carbohydrates from st icking to proteins,

they  may be  ab le  to  b lock  d isease f rom tak ing  ho ld  as  we l l .

And the  odds  are  in  the  sc ien t is ts ' favor .  "The GBPs as  a  k ind  o f

group are among the most abundant class of proteins encoded

by the  human genome,"  says  Cummings  " ln  add l t ion ,  every

virus we've looked at binds to carbohydrates. So a new para-

digm is forming-al l  glycan structures may be bound by a GBP,

either expressed by our own cel ls or cel ls of disease organisms."

Cummings 's  magn i fy ing  g lass  has  a l ready  shown tha t  the  l ink

between carbohydrates and infectron extends beyond people.

"Even clams have an inducible immune system based on carbo-

hydra te-b ind ing  pro te ins , "  Cummings  says .  "Th is  concept  o f  the

rmportance of carbohydrate-binding proteins is evolut ionari ly an

anc ien t  idea .  From the  or ig ina l  mu l t i -ce l lu la r  o rgan isms to  the

most complex organisms that exist  today, al l  have carbohydrate-

b ind ing  pro te ins .  "

Wonderland populat ion: several  mi l l ion,

and count ing
Forget the clams-cataloguing the ent irety of human carbohy-

dra te  s t ruc tu res  is  no  smal l job .  " ln  the  human g lycome,  we ' re

est imating there are several  mi l l ion carbohydrate structures,"

says Cummings. Unl ike DNA, these carbohydrate structures

are not stagnant.  With an elusiveness worthy of the disappear-

ing and reappearing Cheshire cat,  they shi f t  forms when gene

expression changes.
The complexi ty of the human glycome means decoding t t

may take longer than any one scient ist 's career.  " ln my l i fe-

t ime,  l ' l l  never  hear  the  te rm,  ' the  end o f  the  g lycomic  e ra , " '

Cummings  says .  "We th ink  we ' re  on ly  a  smal l  percent  o f  the

way there. And since we don't  know the total  number of struc-

tures-or how they change depending on diseases, environmen-

tal  issues, and health-the numbers could be even larger."

Over the past 10 years, nanotechnology and mass spectrom-

etry have made isolat ing and analyzing carbohydrates a much

quicker process, creat ing a growing l :uzzin scient i f ic c irc les. ln

fact,  the buzz over carbohydrates and those protein-

carbohydrate structures cal led glycoconjugates, is bi9 enough to

keep Cummings and his team busy for years to come.

Then there's the Consort tum for Functtonal Glycomics, the

hub o f  the  g lycomics  wonder land.  The consor t ium inc ludes  e igh t

core faci l  i t ies worldwide-i  ncl  udi  ng Emory-al  I  maq n i fy i  n g di f  -

ferent pieces of the glycomics puzzle. Through that consort ium,

funded by the Nat ional Inst i tute of General  Medical  Sctences at

NlH, Cumming's lab analyzes carbohydrate structures from sam-

ples sent from around the world-for f ree-and then makes the

results publ ic.  "At any one t ime, our core faci l i ty here is probably

working with 50 research laborator ies around the world,"  says

C u m m i n g s .
Offer ing Emory's magnify ing power grat is is changing the

face of science. With the NIH front ing the costs,  decisions about

who gets access to thrs cutt ing-edge science are based on the

meri t  of  projects rather than money. An invest igator who may

have l imited experience analyzing carbohydrate structures, or

insuff  ic ient resources to do so, sends in samples. Emory extracts

the  da ta  f rom the  samples  and makes the  resu l ts  pub l i c .  The

invest igator uses those results for a paper rn a scient i f ic jour-

na l ,  d isseminat ing  in fo rmat ion  to  an  even broader  aud ience.  ln

effect,  the consort ium and Emory are speeding up the transfer

of information and offertng a new model for how research can

be conducted global ly.

No longer fantasy

For an idea of how glycobiology may change our view of the

world. consider the parasi t ic disease schistosomiasis.  Two hun-

dred mil l ion peoole worldwide are infected with the disease, and

rts manifestat ions can be severe: bladder cancer,  k idney fai lure,

menta l  re ta rda t ion ,  and musc le  weakness .

Cummings and col leagues have discovered that the parasi t ic

f latworm that causes schistosomiasis has carbohydrates bound

by proteins in human hosts. "We ident i f ied i ts carbohydrates,

and nowwe can use them to  make a  vacc ine , "  says  Cummings .

"For  peop le  who are  a l ready  robus t ly  immunized w i th  an t ibod-

ies  to  those sugars ,  the  vacc ine  shou ld  be  ab le  to  a t tack  and k i l l

that parasi te as soon as i t  shows up."

Target ing carbohydrates to treat a disease was seen as a sci-

ence f ict ion fantasy lust a few years ago. "  Even among vaccine

peop le ,  th ts  i s  rea l l y  nove l , "  says  Cummings .  But  wh i le  c rea t -

ing vaccines based on carbohydrates might be novel r ight now,

impl icat ions of carbohydrate research go much further:  toward

hea l ing  in f lammatory ,  card iovascu la r ,  and au to immune d iseases

as  we l l  as  s topp ing  her r tab le  a i lments  and metabo l ic  d isorders

"Our  work  impacts  a l l  o f  those areas , "  Cumminqs  says .

I ,on,r,.,r rooot,*,






