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By Alison Davis

Ram Sa s i s e k h a ra n’s first ex peri m ents with human bi o l ogy began early. L i ke most
k i d s , he su f fered the “battle wo u n d s” of an active ch i l d ’s growing-up ye a rs .

Sa s i s e k h a ran was con ti nu a lly amazed to see his scabs disappear and new skin grow
b ack , over and over aga i n .

“I was absolutely fascinated by how my body autom a ti c a lly healed wh en I got hu rt ,” h e
s ays .“ It just seem ed too bi z a rre to be tru e .”

Now 39, and with fewer cuts and scra pes ava i l a ble for scien ti fic analys e s , Sa s i s e k h a ran 
is sti ll eager to find out wh a t’s going on underneath his skin.

How do the cells sti tch them s elves toget h er to form skin, ti s su e s , and or ga n s ?

A profe s s or of bi o l ogical en gi n eering at the Ma s s achu s etts In s ti tute of Tech n o l ogy in
Ca m bri d ge , Sa s i s e k h a ran got his bach el or ’s degree in bi ophysics and a Ph.D. in med i c a l
s c i en ce s . His goal is to learn life’s basic rules for de s i gn .

Kn owing how cells come toget h er to form skin, ti s su e s , and or ga n s , he says , wi ll lead to
a deep understanding of the language of l i fe and the tools requ i red for ed i ting mistake s
that cause disease or the probl ems that arise from inju ry. And though Sa s i s e k h a ra n’s
ch i l d h ood curi o s i ty has not waned with ti m e , he says that these days curi o s i ty alone is
not en o u gh .

“ I ’m not sati s fied with just doing cool stu f f in the lab,” he says . “While that’s wh a t
m a kes scien ce fun, I want to take my scien ce as far as it can go. I re a lly want my work 
to make a differen ce for pati en t s .”

Sugar Rush
Sa s i s e k h a ran studies bi o l ogical su gar molecules call ed carbo hyd ra te s , wh i ch are 

i n d i s pen s a ble for life on Eart h .

In most life form s ,c a rbo hyd ra tes come in many va ri eti e s ,
ra n ging from simple to com p l ex (see sideb a r, p a ge 13). In thei r
simplest form carbo hyd ra tes equal en er gy, and they are sweet .
This is the “su gar ru s h” we all know well . Simple carbo hyd ra te s
l i ke su c ro s e , glu co s e , and fru ctose are the molecules that give
s weeten ed breakfast cere a l , ora n ge ju i ce ,c a n dy bars , and many
o t h er foods their su ga ry taste .
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Un l i ke a simply or ga n i zed , linear string of con n ected
units (DNA , for ex a m p l e ) , com p l ex carbo hyd ra tes can be
both linear and bra n ch ed . Th ey look som ething like tree s ,
with bra n ches big and small ex tending in every directi on .

Wh a t’s more—u n l i ke our DNA , with its stri n gs of
“l et ters ,” and our pro tei n s , m ade of chains of a m i n o
ac i ds—c a rbo hyd ra tes are not made from a blu epri n t .
Ra t h er, the body makes com p l ex carbo hyd ra tes thro u gh 
a sort of com mu n i ty ef fort , via the co ll ective work of
d i f ferent en z ymes acting in ways that remain stu bborn ly
com p l i c a ted for re s e a rch ers to understand or pred i ct .

For many scien ti s t s , these ch a racteri s tics of c a rbo hyd ra te
re s e a rch spell ed “n i gh tm a re ,” not “ i n tere s ting probl em .”

De s p i te ye a rs of h a rd work ,
m a ny re s e a rch ers had gre a t
d i f fic u l ty determining how
su ga rs get assem bl ed in natu re .

As a gradu a te stu den t ,
Sa s i s e k h a ran saw this as a

ch a ll en ge and dec i ded to try his hand at it.

“ It was prob a bly a dumb thing to do then , but I was lu red
by the exc i tem ent of t h e u n k n own .”

He hit the jack po t . Sa s i s e k h a ran fig u red out a way to 
dec i ph er natu re’s carbo hyd ra te code : h ow to “s equ en ce ,”
or put in order, the many different con s ti tu ent parts of
a glycan call ed hep a ri n . In doing so, he open ed the door 
to stu dying su gar molecules in intri c a te det a i l .

Open, Sesame
Am ong the many ways su ga rs affect our health is by 
policing the ga tes bet ween so-call ed ep i t h elial cell s . Th e s e
a re the cells all over the body that line or ga n s , su ch as 
the stom ach , lu n gs , and bra i n . The body stri ct ly guard s
the passage of m o l ecules thro u gh ep i t h elial cell ga te s ,
a process call ed paracellular tra n s port .

Com p l ex carbo hyd ra te s , on the other hand, a re made up
of simple su ga rs linked toget h er in va rious com bi n a ti on s .
Com p l ex su ga rs are not nece s s a ri ly sweet , and they
i n clu de su b s t a n ces like the starch in po t a toes and pasta
and the fiber in apple skins and veget a bl e s .

Com p l ex carbo hyd ra tes are part of a healthy diet , a n d
t h ey are also a big part of our bod i e s .

In fact , com p l ex carbo hyd ra tes are among the magi c a l
m o l ecules that hel ped fix Sa s i s e k h a ra n’s skinned knee s .
These glu ey su b s t a n ces perform an astounding nu m ber 
of bi o l ogical roles ra n ging from holding cells toget h er to
com mu n i c a ting messages thro u gh o ut the body.

Most com p l ex carbo hyd ra tes are bu n dl ed into pack a ge s
that also contain pro teins and other types of n a tu ra l
ch em i c a l s .S c i en tists refer to these bi o l ogical mixtu res as
glyc a n s . Just abo ut every cell in your body has a su ga ry,
glycan coa t , and these abundant su b s t a n ces pop u l a te the
s p aces bet ween cells too.

But de s p i te the thousands of i m portant roles carbo hyd ra te s
p l ay in maintaining our health, t h ey remain poorly under-
s tood by scien ti s t s .

According to Sa s i s e k h a ra n ,
re s e a rch ers know very little
a bo ut how su ga rs work in
the body because carbo-
hyd ra tes have trad i ti on a lly
been feroc i o u s ly hard to
s tu dy. The main re a s on , h e
ex p l a i n s , is that com p l ex
c a rbo hyd ra tes come in a zil-
l i on “flavors .”
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Another Dimension
Sa s i s e k h a ran has lots of proj ects going on in his lab to 
i nve s ti ga te the mu l ti tu de of roles that carbo hyd ra tes play 
in the game of l i fe .

But it’s easy to get wra pped up in the det a i l s , he note s .
While Sa s i s e k h a ran is undaunted by hard probl em s , h e
thinks one of the bi ggest keys to his own su ccess has been
his abi l i ty to step back and look at the many dimen s i ons of
a re s e a rch puzzle.

One way he does this is by drawing pictu re s .

“I love to doodle and sketch ,” s ays Sa s i s e k h a ra n , adding that
s c ra tching on a pad of p a per helps sharpen his thinking and

his abi l i ty to appropri a tely ga u ge
the depth of a probl em .

Sa s i s e k h a ran says that for him,
d rawing serves as a link bet ween
the analytical world and the
vi sual worl d , bri n ging new
i de a s i n to vi ew.

“ It’s important to zoom in,” h e
s ays , “but it’s also essen tial to
zoom out .”

Having the abi l i ty to shift foc u s
is absolutely nece s s a ry in tod ay ’s

d a t a - ri ch world of m edical re s e a rch , Sa s i s e k h a ran bel i eve s .

“ Bi o l ogy and scien ce in gen eral are incre a s i n gly com p l ex ,”
Sa s i s e k h a ran says , and making discoveries requ i res cre a tive
a pproaches to handling large amounts of d a t a .

If the wrong molecules slip thro u gh the ga te s , “b ad things
can happen ,” s ays Sa s i s e k h a ra n . As t h m a ,d i a rrh e a ,a n d
m a ny other health probl ems are direct ly linked to probl ems 
in tra n s porting molecules ac ro s s ep i t h elial cell barri ers .

Recen t ly, Sa s i s e k h a ra n’s ex peri m ents have led him to su s pect
that the ep i t h elial passages are marked with a su gar code that
re s tri cts en try to on ly the molecules that fit just ri gh t . It
m a kes sense that the body would do this, s ays Sa s i s e k h a ra n ,
s i n ce carbo hyd ra tes can be con s tru cted in thousands of
su bt ly different ways . That adds up to many, m a ny differen t
com bi n a ti on lock s .

“ It’s sort of l i ke Ali Baba 
and the 40 Th i eve s ,” s ays
Sa s i s e k h a ra n , explaining that
s pec i fic su ga rs on ly recogn i ze
m o l ecules that prec i s ely match
the correct code , t h en re s pon d
with the ch emical equ iva l ent of “Open , s e s a m e .”

“ If the code is correct , the cellular trap door can swi n g
open and let certain molecules pass thro u gh .”

While Sa s i s e k h a ran needs to do more ex peri m ents to fully
u n derstand wh a t’s going on with su ga rs and ep i t h el i a l
cell s , the practical aspects of the fin d i n gs jump to his
mind almost immed i a tely.

“What if we could learn a way to use the correct su gar as a
‘key card ’ to keep cell doors shut wh en needed ? ” he won-
ders . That type of s tra tegy, he says , would be useful in cases
wh ere you know the code is too loo se—l i ke in asthma.

And what abo ut the other way aro u n d , he pon ders . “Wh a t
i f we could use the su gar ‘key card ’ to open the door and
get medicines inside ? ” Precise del ivery of m edicines to thei r
de s i red job sites in the body could help all evi a te side ef fect s
c a u s ed by drug molecules acting in the wrong place .
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m a ny pati ents it can produ ce po ten ti a lly worri s ome side
ef fects su ch as exce s s ive bl eed i n g. The tro u ble is that there
h a s n’t been a qu i ck and easy way to break the glycan apart
and determine how mu ch of the active ingred i ents are
actu a lly pre s ent in a given bottle of m ed i c i n e .

Most com m ercial prep a ra ti ons of h ep a rin come from pig
i n te s tinal lining, and these prep a ra ti ons contain wi dely
va rying mixtu res of d i f ferent sizes of glycan molec u l e s .
Because the drug is not com p l etely “h om ogen o u s ,” or
p u re thro u gh o ut , it is hard to know ahead of time how
well a particular batch wi ll work in pati en t s .

Sa s i s e k h a ra n’s custom - m ade , “de s i gn er ”h ep a rins have the
po ten tial to be safer than current prep a ra ti ons because the

m o l ecules work pred i ct a bly.
Wh a t’s more , the way the mol-
ecules are de s i gn ed en a bl e s
s c i en tists to neutra l i ze them
e a s i ly to prevent bl eeding in 
a pers on’s arteries or vei n s .
This has been a hit-or- m i s s
process with the old va ri eti e s
of h ep a ri n .

Sweet Treatments
Ever eager to speed his lab

d i s coveries to pati en t s , in 2001 Sa s i s e k h a ran hel ped to
form a bi o tech n o l ogy com p a ny c a ll ed Mom en t a
P h a rm aceuti c a l s , wh i ch is loc a ted in Ca m bri d ge ,
Ma s s achu s et t s . According to Sa s i s e k h a ra n , the com p a ny ’s
goal is to use the tools he has devel oped to m a ke new
forms of h ep a rin and other su ga r- b a s ed dru gs . Progress is
u n der way, and human tests of Sa s i s e k h a ra n’s de s i gn er
h ep a rins are set to start within a ye a r.

Sa s i s e k h a ra n’s basic studies have led in another directi on
i m portant to public health: figh ting cancer. Re s e a rch ers
h ave known for some time that su gar molecules that
“decora te” the su rf ace of c a n cer cells play a role in how
fast the cells grow, and some su ga rs actu a lly appear to
s l ow tu m or growt h .

A few ye a rs ago, Sa s i s e k h a ran began ex peri m en ting wi t h
h ep a ri n a s e , a ch emical “s c i s s ors” that clips su ga ry glyc a n
m o l ecules from cell su rf ace s . He re a s on ed that by alteri n g
the su gar coa ting on cancer cell s , he might be able to
con trol tu m or growt h .

S tudies in mice worked . One particular form of h ep a ri n a s e
actu a lly stopped cancer growth in these lab mice ,a n d
Sa s i s e k h a ran is hoping the fin d i n gs wi ll som ed ay tra n s l a te
to tre a ting human cancer as well .

Mix and Match
In s te ad of breaking apart a hu ge probl em into ti ny
chunks and stu dying every teensy aspect of a parti c u l a r
chu n k , Sa s i s e k h a ran prefers a different met h od . He like s
to build new model s , ju x t a posing the indivi dual pieces in
m a ny different com bi n a ti on s , and then see what happen s .

Sa s i s e k h a ran did just that wh en he determ i n ed the
s equ en ce of h ep a ri n , a su ga r- b a s ed drug and one of t h e
most wi dely used medicines in the worl d . Hep a ri n , and 
a similar, but small er vers i on call ed low - m o l ecular wei gh t
h ep a ri n , a re glycans that doctors use du ring and after 
su r gery to prevent the form a ti on of bl ood clots that can
l e ad to heart attacks and stro ke s .

Kn owing the overa ll size and dimen s i ons of a large hep a ri n
glycan molec u l e , Sa s i s e k h a ran began by asking his com-
p uter to gen era te a master list of a ll the po s s i ble indivi du a l
su gar pieces that could theoreti c a lly con n ect toget h er to
m a ke up the larger carbo hyd ra te . Com p uters are excell en t
at cru n ching thro u gh mill i ons of com bi n a ti on s , doing in 
a few hours what would take a pers on mon t h s .

Ma ny of the po ten tial soluti ons derived by the com p uter
d ropped out immed i a tely wh en Sa s i s e k h a ran gave the
com p uter instru cti ons to deal with practical con s i dera-
ti ons su ch as the basic rules of ch em i s try and the natu ra l
a bu n d a n ce of s pec i fic su gar type s .

Th ro u gh ch emical tests and the process of el i m i n a ti on ,
pret ty soon on ly one po s s i ble stru ctu re came out at the
end of the exerc i s e . Using what he’d learn ed , Sa s i s e k h a ra n
could then custom - m a ke different va ri eties of h ep a ri n
with special properti e s .

Sa s i s e k h a ra n’s work is very important med i c a lly. Wh i l e
h ep a rin is one of the top - s elling dru gs in the worl d , i n
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“S c i en ce has evo lved ,” s ays Sa s i s e k h a ra n .“ It is very differ-
ent now than it was 20 or 30 ye a rs ago, and it wi ll be even
m ore different in another 20 or 30 ye a rs .”

Futu re bi o l ogy labs wi ll be home to mathem a ti c i a n s ,
com p uter scien ti s t s , en gi n eers , and phys i c i s t s , Sa s i s e k h a ra n
pred i ct s , adding that it wi ll be very important for scien ti s t s
of a ll stri pes to work toget h er to improve health.

He thinks there’s never been a more exc i ting time to do
re s e a rch and that scien ce can of fer lon g - l a s ting impacts 
to soc i ety.

“The nu m ber of u n a n s wered qu e s ti ons grows every day,”
Sa s i s e k h a ran says , “and pati ents are waiti n g.” ■

The po s s i bi l i ties seem en dl e s s , and Sa s i s e k h a ran hopes that
n ovel uses of bi o l ogical su ga rs wi ll lead the way not on ly to
n ew med i c i n e s , but also to safer vers i ons of ex i s ting dru gs .

Research Ecosystem
Looking back in ti m e , Sa s i s e k h a ran rec a lls another
s p a rk that intere s ted him in the world of s c i en ce .

“I was spell bound by the space around us,” he says ,
rem em bering as a child being in com p l ete awe of
su bj ect s l i ke astron omy and geogra phy.

Sa s i s e k h a ran rec a lls thinking to himsel f , “Wow, h ow doe s
we a t h er happen? How does it con tri bute to the eco s ys tem ? ”

In a sen s e , those early won deri n gs were a hint tow a rd
Sa s i s e k h a ra n’s futu re thinking. His approach in the lab is
to stay in to u ch with the eco s ys tem of s c i en ce and how it
is alw ays ch a n gi n g.

Carbs Made Simple
Carbohydrates are the main energy source for the human body. You probably

know that your body converts the carbohydrates from your diet into energy. Plants do the

opposite—through the process of photosynthesis, plants take energy from the sun and turn

it into carbohydrates, giving off oxygen as a byproduct.

Also called sugars, carbohydrates are indeed the stuff of life. They exist in several different

forms: monosaccharides, disaccharides, and polysaccharides. As the prefix “mono”

implies, a monosaccharide contains one simple sugar molecule, and glucose is an example.

Disaccharides contain two simple sugars linked together, from the prefix “di” for two.

Sucrose, or table sugar, is a disaccharide, consisting of glucose and fructose chemically

linked together.

Polysaccharides—literally, “many sugars”—are long, interconnected complexes of mono-

saccharide or disaccharide units that repeat in a pattern. Often, certain atoms within a

polysaccharide contain extra “decorations” that add a negative charge to the overall sugar

or change its shape. These chemical modifications help customize sugars for their many

different tasks.

Nestled together with proteins, polysaccharides form complicated bundles of molecules

called proteoglycans, which are everywhere in our bodies. Because of their structure, proteoglycans can

twist and bend. They help to thicken the fluid in joints and are key components in cartilage and connective

tissue. Proteoglycans also dot cell surfaces and help cells roam around the body.—A.D.

Glucose

Sucrose
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