
Enzymes are protein molecules -'bioloEical catalysts'. This article explains their
structure and how lhey work so efficiently at relatively low temperalures.

nzymes are amazing molecules. They arc vcry
sprcilic and can lind a molecnlar 'nerdle' in a
'haynack' oi miltons ol olher moleculcs. They
halc such high caialytic efJiciency ihat they

make most chemical catalysls l]sed in industry look
positivcly duggish-theycan speed up chemical reac-
rbns by as nuch as a million (106) to a f.illion (10r'z)
rmc .  \ .  r ' .  (an do r lL\  d.  ver)  ln$ r t ' r  t r f r .  rJrc.  i r

, " r r .a{  .o.he."rd-t{  u. .d i  . r r r ' r ,d r_d. *
rrr .  Ino.r  o l  wl l . '  r .q Ic h q|  r .  n l .erd u F.
l l r . '  r '  .he h 'o loF' ," '  cq.  i ! .  L nr ro."cFJIgup
your life lrom cradle to srave so thal it is
,u ' l ,p le eo In d . rngle hcJl \ .  r r l  H"s J.  r re\  dJ
it? The answer lies in their structure.

rhcy sti.k out ol lhls backbone. This
mcans thal there are 20 dillere.t

arnino acids lvhch have dillerenr propenies. Thcy may
be positively or negadvely charged, hydrophobic or
hydrophilic. bulky or tinl

The prolejn moleflrle doesnot lie flatlikc a ribbon -
lar lrom it.Inwatery envircnmenrs, such as insidc living
cells, a pro|ein chain 

'vill 
lold inro a uniquc ltuee-

dimensionat shape so rhar ns hydrophobic rcsions are

'gereral lyr  
rosdrd\  .he In\ 'de l r \  hvJr"rhi l '  rBron'

are (generally) torvards the outside. weak bonds ionn
beNeen R groups and rhese help 1{) stabjlise the delicate
shape, knom as the conformation. The shape ol fte
enA']ne molecule has ro bejust dghl il the enzyme is to
lunction. ll the enTyme moleculc is dcf(rrmed. even
slightll', it will not 

'york 
(like a papcr dan - the exact

lolding olrhe paper gives the dart its acrodynamic prop
enies). Each diflerent enzvmr has ils owr hig.hly specilic
shape rnrh a pocket the active site. 11 is here rhat ihe

Only a few oI thc amino aci.ls in the chaln ()1 an
enzyme p(nein are involvcd h calalysis. These
catall'tic aminoacidsare not adjacenl Lo eachotherin
rhe chajn. hstead they are quirc sFccd oul along the
length ol the protejn nnneculc (sec Figure r). When
dre molecule folds upinto irs drcc-dimensional conior
maion, however rhc spccilic rolding brings all fie
,d , lyr ' ,  rn '  ! '  J .  d '  r"r '  r '  '  In rh,  J.rrve ' i  r  regi .n

Collisions and catalysls
Once the subnrate has lilled ilrlo the acdve site, the
reactirn is catalyscd. Molecules only reacl when rhey
.. , l iJ .  { i r '  .J ' r r , r  r .  h I  th,  .o l l . ionr n u. .  o.( l - r  in
drc right ordc.and at Lhe right speed. consider a mole-
cule of suoosc. It .onsisrs ol a molecule ol gluosejoined

'Proteins that make hasld
This ls what enTymes havc bccn called. They are
proreins lhat cata\6e chemical readions ln liviru organ
isms. To understand how cnzymes work, we need to
undentald the struaure ol proteins. A proleir is a long,
ribbonlike Dolecule madc by joinnrg |ogelher many
subuni$ - anino acids (see lisurc I ) . Each amjno acid
has a ceniral carbon arcm, attachcd to which is an
amjno group ( NHz), a carboxylicacid group (-CooH),

and a side chain generally repres€ncd by R (whiclr

sGnds lor radical). Ihe amino and acidic groups
are involved in j{)ining the amino acids to ore
anorher ro Jorm thc backbone ol fie prorein

chain. There arc 20 dillerenr R groups and

Folded into iunct ional  coniormat ion

,": I ;;ilil"
n. l f f icooH+

2

Amino acidsA, B and C are c ose
together in the active site
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to a molecule ol lftrdose by means ol a glycosidicbond.
Havnrg ealen and enjoyed sucrose, we nNsr digrst it
trelore ir can be abso red inro the blood. We usc thc
enzyne sucrase (lound on the suda.e oi rhe cells oflhc
small htestine) ro hydrolyse sucrose to ghrcosc anct
lrlLclose; waler is usedto break ihe ox-ygen bridge in fic
glycosidlc bond (see llgure 2).

The reaction could be carried ort in a tcst lube,
withour an enzyme - b|t ir would not 80 very last.
hragine a nolecule ol sucrose and a nntccule o{ warer
crashing i o each other. What hapl)ens? Fora rcaction
ro take place rhe conect bonds nr thc sugar have lo be
ljned up wifi rhe cone(t bondsin the watcr (sec ligure
I). IJ re aligrnlent is nor conect, the two molecules jusl
bounce apart. flfte alignrnenris cone.ibut thc inpact
is gentle, again, nolhing haptens sincc thcre is nol
enough energyro ca!se the rearangcment oleleclrons
irvolved in making and breakinsbonds- But if fie rwo
molecrles are lined up 

"al 
collidc hard cnough, tne

suc(xe splils into glucose and lrudose (see Figure l).
rhis can be illustrated in an energy diagram (see

Figure 4). Tbe enerff rssociatcd with cach nxtecule is
plotted against theprogress olihc rradion. At thestart.
sucrose and water have a ccrtain amount oI €nergy.
Theycrash into on€ anothcrand l{)rm an unstable high-
ene-F! in <ra(d dre.  r \ i .h qr i ,L l )  . l ,a .gc '  Into
glucose and iructose. In rcamnging re bonds ol sucose
and water, $me energy is rclcased, $ the producls
hr\c le.  cncrH) rLJ r \ . ! r r r j  ,Bm' l r 'uF\.  lhenrru-
mum amount ofeneryy n(edcd to gel the reaclionto go

n) Jom thc unslabl( intermediare known as the
lransition state is Gllcd dre adivador energy. The
transiiion statc is an unstable a(angemenl ol atoms
which is a hybrid structure someivhere between reac
tants and prcducts, havinS $me oI Lhe lealures ol eaclr
with v)mcbondspartly fomred and some pardy brokeD.
In less than l0-rr scconds it collapses ir|o eilher reac-

GeltinEoverlhe hump
Elcry .henical rea.tion has an energy ba ier that has
r. ,b. , t r r i ,  n,  L ' f f ' { .aI)r l rn!hd!pen..A.unpdr i \o

that is oftcn used js tlur ol a boulder resling on lop ol a
hill wilh a snall mound ol eadh nopping ir lron rollnrg
down. There are lwo ways io ger rhe boulder to roll
down the hill. You could push 1l over the mound uniil
il rcached re poim rvhere h would roll over by ilsell.
This is equivalenl lo supplylng hear to stan a reaction.
Alternatvely you could dig away al lhe mound untit dre
L'^, iJe {a ' r /d rol l rng ol  r .  osn d.(o-d.  fh.  r .  eqr. i !
alent to whal a catalysi does. Instead ol supplying
energy. dre enzlme reduces the treighr ol the energy
barrier so that many more nolecules trave enoxgh
energy to ger over ir. The reaction carr go ahead lvithout
Lhe need 1or any extra energy as the activadon energy
is halved 1or lhls particular reaclion. This may not seem
very impressive but it increases the rate ol$e reaction
try a billion (10v) rhes. How do enzymes do j12

Bindingior activily
The answer is thar enzymes {ork by binding their
substrare nolecules at tbe adive site the specially
lbrmed pocket open ar the etr4ane su ace. cenerdllt
dre active sire is lined with hydrophobic R groups and
il conlains groups thar bind fie substrale and ofier
groups that caialyse fte reacdon. Substrares areus!ally
1r r(h .rr" Ier . l rdn rherr en/ymes. lhere dre er.epi ,  'n.
such as the subsiraies ol ihe protein digesnng and
slarch digestjng enzymes, bur even here the enzymc

Too gentle Jus right
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binds ro only a snali region of ils massive subsLrate.
When $bstates trind to the enzlme. ftey slor neally
inio the acrive sire and lind thenselves close to the
caralylic amino acids.

The bjnding is brought abo!t by artractions between
partictrlar grcups on the substrate and courplementary
ones in the aoive sire. The rubsrrale js held in precisely
lhe conee posilion loreactwjrh orher molecules, rather
!|an havjng to collide with them by chance. Any

charged groups in the sub$rale become more reaoive
lvhelr they arc in rhc hydrophobic environnetu ol the
actire silc. In the watsfqloplasm, both posirive and
negalivr groups are surrounded by a shell of water
1rolr .u l . \ .  $LiL dr,rrr \ ( .  he .  re 16 1 o.  dr . rd. . ro l
Lrelween thcm. Thesc water"y masks are discarded lvhen
|he groLrps enlcr thc hydrophobic aciive site, and as a
resr l the groups rnal bc(omc up to 1070 times more
reactive. In addilion 1() all this, binding oI substrate to
cfu,rne uu.he..  n. l l '  L ' ,  nJ , r  rs,r \ rcJ.  r r r ' , r t . in
sucha way that thcy rcacl laster Horvdoes this luppen?

A realembrace'
At lirsr ir was lhought rhar the cnzync's.divc sitc was
nerely a negadve impression oI iLs mbstrare,likc a I{Dl-
print in mud. Tlis idea lvas called 'lock-and-kcy',
because fie substrale seems Lo IiL into the active sile as
a key lits irto a lock. The enzyme was pictured as a
rigid nructure rvith ar active site lhaL was comple-
menrary to fte subnrak lun as a bool has a shap€
complementary to the loor fiat is to l{'ear ir). Bur rhjs
idea did not eaTlain everythjng.In panicular, ir did nor
rxplain albsreric ('ofiersite') etects - how sn1all n1ole
culcs (such as ATP) cor d alter an enzllne's acti\4ty by
binding to the enTvme ar some oiher site that $,as lar
lrom rhe aclive site. lf fte enzl ne molecule were dgid,
thcn a nn)lecule bindirg to one part ol ir would not
a1Jcd olherpafis ofihe prorein. However, iJ$e en4ane
wcre llcxible, such an allosreric ellecr could be

A flciblc cnzyme nnneorle has t'yo posible nrter
changeable conl(trma )ns. One o1these is the binding
conlonnatn)n (which is noi catalytically active); rhe
other is thc .ataltdcally active conformarion (which
does nol bjnd). Binding groups in ihe enzyme ait.aci
and bird lhe subnratc molecule. When the substrare
binds. i1 disrurbs thc deiicate balancc ol thc flcxiblc
prctein chalnollhe cnztmc, causing irtr) altcrits shape.
This is wht $'e feler to an induc€d fit o1 {bnralc to
enzyme {see Figure 5). This rcarranscmenr brinss lhc
canlydc aniro acids into dcir corrc(t posirions n thc
acdve sile so Lhat catalysis can occur. Thus thc shat.

o1 thc cnzvmc molccule is
allcctrd bt thc bnralc, ju(
as rhe shapc or a so.k is
ailected bv thc I@1 fiat is
wearing ir. The process has
been lerrned 'a rcal embracc'
- Lhe enzyme molecule wraps
ilsell aroLnd lhe subnraLe. The
djsroned enzyne molecule in
tr.lln distons |he subnrale
nolecule, nraining or lwisliDg
the bonds. (Thh is lrow rh€
a(rivadon energy is lor'!ered.)
01ce catalysis occurs and
products are 1omed, drey no
longer bind ro the acdve sire
and diltuse awat'. The flexible
en7lme rner relr ] rns ro l ls
original shape, ready ro bnrd
ihe nexl molecule of bstrate.
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Carier protein Gl lcose bindsto car ie.  .nd
in binding inducos a chang€ 1o th€ 'adiv6'
conformation Cj coiromarion 1C,

Frg!6 6 Th6 iMuc.d fit ttoory .xplains tho action or some
membr.m.tnnspon prctoins. Glucos€ crnnot possibly b€
rEmporbd itr th. wreng diEclion b.ou!. th. binding sit is
never found on th. side of tho mombEn. lh.t fr€! th. cvtosol,
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Tlis piclurc of hor!an crzimc s!trls is rnore realini(
than liral Sivcn br the lo.l-and*ct iheory Although
lndu.ed l i t  wasdevised ro cxt) l i in rhe rvor l ints o1
en4mcs, il can also erplain horv man) olh€r prdcins
hing about (h.nges ir.ells. V)u nrar be tamiliar witl
the idea lllaL cariertroleins wirhin mcmbrirne\ adivclv
transporr sub(ances. llke glucosc, against a conl:€l]-
irarior gradicnt. Bnr have !ou e\cr !!oDde.ed hor! this
mighr be a.liercLl? Fi$re 6 rlill hclt) _vou {ith thl!. you
rnighr also likc ro consider the idcas of induced fit and
l lexible proLein molecules in rc lar ion io a varrerv or
oiher siNarnxb: ion channels xr rrrcmbranes. hoturolcs
binding 1o mcnrhane re.ephr nolccul.s, ne!rorans-
rntl.rs and rheir rccetlo.s in dre s_vnitsc...iher€ are

Thinft t6 d$
\V,  l  . r  |  . .  \ ,  J--  h,  a |  |  .  \ t "1 .  n, \  I l
scconns and \crifv ihe stalemrnr in the iirsr !ara-
graph aboul thc .lcgfce io wli.h c z_vncs speed up

Molccul.s ca lled .onrt)crirn e nrhjbitors nrrcrfcii'ilth
pa rlicu l.r en^,xres ljc.au se rhel are \illlilrr jn shape
1lr  lhc nornrdl  subsLrarc of  rhe enzlmr UsiDg r fe
ideas of lhe bjndnrs ar.l .lrahi ca I a.rn c conn ma
t ion,  cxplain rvhy.oDl) . t i t ive inhibi tot ,s h.v.  ihelr

FnTtmcs af. norvrvidel_v uscd in biotel:hnolosv. Find
rhe narr lcs ol  enTvDres Lh<rr  arc nsed b|  bnlc.h
{onDarirs and what the.v arc uscd for.
l\pe 'srcrasc'inio Coogle altd Lhcn cli.k on 'turagcJ,
and rhen on 'Imige Search'. Y(nr rljll Jind a lovclv

image c)l suc(^c ln fte acrivc sile o{ sucra\c rvhjch
mak€s il .lear horv ihe glicosjdic bond is put undcr

i )o rhe sanrc th ing lor  'pet)s iD ard lou wi l l  f in |
dillerenL l_vtcs oI images of fc]xin rvlich rlill bclp
)ou ro undcrsLand r ls r t ruourc.
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. Enzymes are prote n mo €c! es rhat are found ln al

. The cha n of am no acds in the en2yme molecu €
does not e flat but sponta.eoLrsly twisis and roros
to adopt a specilc rhree-dimens onal shape known
as the conformaton.

. Usua y of y a lewof the am noacids are nvotved n
cata yss They are ai l found n:  l rydrophobic pocKet
or groove on the surface of rhe enzyme

. Catalysls occLrrs when th€ substrare(s) s/are
attracted Into the acrive s te and hetd in a parlcular
pos tron so that bonds c€n be e rher formed or


