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History of the enzyme nomenclature system 

Keith Tipton and Sinead Boyce 

Depanmenl of B,ochem,srry; Tr,n,ty CoUege. Dublin 2. Ireland 

Abstract 
Nami,ig tlwzgs 1s t'Hellfwl fnr pt.·011/t· to 1mdcnt,111d om 
anothu, no mauer \\hut Ju11guagf or J1d,J oj ;mant I\ in­
vofred. This is as true for t'l1:_rn1t·\, }:fill'.\ cmd du'Ulin1/.\ 
as it is for btrds, food. jlou a.\, t·1t· 1::.ffnun· commwu• 
cation req111res a lad. of amh11,:111t\, hm. m prm:11n•, ""' 
biguiues abo1111d eren betwan pc·oplt· wlw 11\l' th<· .\mm· 
language III d,fferent parH af tlu· world, nr t•i·t·11 witlw, tlu· 
same comury Whereas amh1>:tJllW\ 111 tht· u ord.\ uwd for 
rommon ob1ecrs or actimu hm c· bun tlu..· ba,;i., _/t,r uum_,·, 
mort-or-less memorablt· jokt.\. tht!\· nm alw nlll\£'" grc.'lll 

deal of conft,swn. Such lin.r.:w .wr clwm i, wl'ln1mc·d h_, 
many as bemg a part af a dirent' lrt·ntag(· tlwt ,hould 
be presen·ed at all co.rn tn prercnl 11, Jmm ,le,ffmlmi: 
i11100n,ellian 'ne•npeaJ.· /lounfr. in thf H·it·t1ff\. th(·rt· 
are distmct adramas:e.r m Olh(·n b(·UI.J.f ""''' t,, wulammd 
what one is domg Mam· group, Jun,· \lff\\t·cl th,·'"'"'' j(,r 
standardi:ed. 1mn·enalh CIC<T/JU•d 1_, \lt'III.\ of ,wml'ncln 
ture m chemiJtf)~ gene11n. ,·11::_,moloJo. eu· Hou ,·,·t·r. it 
is the wU\•ersal accepUufft' thm tHtwlly nW\('\ tla· prob 
/em. h ,s rare to find 1u·oplf ,, ho "11/ m/11111 that tht'_\ Jmd 
nomenclature to be an mu·n·w11,-: Hll>;ert. but nuu,,- ulm 
profess comempt for II in// gel n·n ,·tnt('(/ 1/ II 1.\ ,11.i:• 

gested that their p(·t ,rmnfndar,m· ,lw11ld b,· clum.i:,·d m 
the imerest of clarll)· or mufomun. Tiu., acnmm u ,I/ nm­
sider the de,·elopmem of rite (·11:::w,,· 11om,.,11clarun· \\ ,lt'm. 
its benefits. slwrtcm,m1g1 t11ul fuum· J1Tmpn1, 
Comact: kupw,,<e u-d ,e 

Prc•history 

In 1833. Payne and Pc""' found that an alcohol prec,p1-
rn1e of :1 malt c~tract cont:1mcd ,1 ..,uh,tJIH.:c that conH'nl•d 
starch into \ugar Th 1, "a, th!! fir..,t rccognnron of .111 
COl) me and the; named 11 d1J,1J,e. a 1cm1 1ha1 came 
10 be used for en,) me, m gcncrnl. P,1\ ne Jnd Pt.!r\O/ 
( 1833) sub,..equentl) prop<N.!d th,u thc na~c, ot cnt\ me, 
iake the la~t three leucr-. of d1.1,1a,l\ and tha1 rhc ~ul11, 
·a,c· should be appended to a root 1hJ1 rndrcatcd \\hidt 

, ubs1ance \\ a,; bcmg acted upon b) 1hc cnt\ me Thi, 

method of n:umng Clll)mc, h:1, co1111nucd 10 1i1c prc,cnt 
da). exccp1 for proteol}IIC Cllt) me,.\\ hu:h often end\\ 11h 
' in". _The tenn ·cnt ) me· 1, 11\clf dcn\ed from the GrccJ.. 
for ·111 }C:l\l° and \\<I\ co11h!d m 1876 b) \\ I Kuhne 
A l that time. 1hcrc \\ere I\\O ,chool, of 1hought regar<lmg 
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en,yme,. L1cb1g thought that tcrmentat1tll1 en,, 111l"' 

\\Crc chemical ,ub,tancc, found 111 )ea,t tunorgan11ed 
tcnncnhl. \\ herca, Pa,tcur behc,cd th.it the pnl(.:l'" ,ll 
fcrmcntatmn could not be ,epo.1rntcd from the Ii, mg ci..•11 
(organ11cd fcrmentl. Kuhne did not f;l\our either h~po1h 
e\l, hut ,,a, malmg the pomt that 1hcn: \\.1, ,nmethmp 
m )ea,t th;;u could cxcn ,m acll\lt) The <.:on1ro\i..'r,~ 
continued until the fermcnta11on '}'lcm \\a, 1,oli11l·d 
10 a c.:cll free e,1ra1.:1. The crcd11 tor th1, d1,c.:o\l'r~ ha, 
been the ,uhJe1.:t of one ol 1hn,c un,ceml) ,qu;.1hhlc, 
m \\ hic.:h the ego " tell Ill be more 1mponam th;.111 thl' 
ad,ance. ,on \fana..,...em \\Ould appear tn haH· pnurll~ 
a, ,he had dcmon,trntcd th 1, phenomenon and g1, l'O ,111 

oral prt!...cntatmn on II m IK71 llo\\c,cr. mer a dcG1de 
later. m IR97. Budmer claimed priority and d1,m1v .. ct.l 
\'On ,\1ana ...... em·, c.:l.,im,. on the ground, that her ,1e1 lie 
,ugar ,olutmn, \\Crc undnuhtcdl) cor110.11111n,11ed \\ 1th 
mic.:rt,l(;Oci.:1 ,md. thu,. did no1 con,111ute a cell-free,, ,tcm 
At th1, ,tagc of dc,elnpmcru. ,ud1 .m uncchf~ mg ,q~1ahhle 
ma) OC ut m1c-re,1 onl) to h1,1onan, ol \C1cnce. hut tunlwr 
detail, can~ lound m Corm,h Bcmden f 19971. 

Earl) -da), 

The narnm2 of en/\mc, \\J\ nut ,,,1cma11c- 111 i1, earl) 
da;, I nt)~1c, \\l'r; g1H·n 111,1al n,;mc, tha1 ot1rn 1111:,1111 
lmle or \\cre amh1guou, \Ian) d11fcrc111 CO/) me, '"'-'ri..• 
i:mcn 1hc ,aml' 11,1111c ;.md. comcr,cl) ,c,cr,11 n,unc, \\CIC 
g1\l·n to 1he ,ame Cllt)rne. lc.1dmg 10 much l·onfu,1011 
In !!,enernl. the ,ut11, "..1,e· \\a, added to 1hc 1wmc of 1he 
,uh,1ratc. a, 111 the l'ohe nf urca,e Ohc 111 ,1 en/\ nil' 10 l'l' 
c11,t•llli1cd1 or cl,e 1hc 11;1me g:1,e ,nmc 1n<.hL·;1i'um nl lhl' 
rcac1ion c.:.11al) ,ed. cg glm:o-.c ox1da,c I h•\\C\l'I. ,c,er.1I 
mhcr cn,)me, \\CIC gi,cn name, th;.11 \\\!fl' t.kudcdl) 
unhelplul. lor e,amplc. rhtxlanc,e (no\\ l·alkd thu•,ull.tll' 
,ulfunr.in,fera,e1. c;;ud, name, g,1,e no 111<.hc.:allon of c1thl·1 
1he ,uh,trarc 1mol,cd or ol the rc,1Ltmn taJ..,ng pl.11.:c ,m<l 
the lendcnc) lo com <lJ)pJ.rc.!llll) mc,1111nglc,, na111c, ,11II 
pchl"it,. lnr example.!. h,1rna,e doc, 1101 h,<lrol\,'-• ou1 
hnu,e, hut " thc c,1r.u:elluJ;.1r nhonudc;.1,r ·,l·ui..~tcd h, ;1 

,tram of Hm ii/ii\ ,mnloluJ11tjannl\ 
\lthough ,u1,;h o.1ri.:anc namc, ma) help io J..ccp the 

,uhJc<.:t .1rea e"iotcm.:. the rap1<l llh.:rc,1,c 111 1he numlx·r ol 
cnt)me, hemg d1'cmcrcd nc1.:c"i,11.11cd 1hc d1.:,clnpm1..·111 
t\l ,omc method Im nammg lhl'lll ,;,1cm.it1c.:.tll) 111 1hc 

< (hh,1d l ·ni\cr,11\ Pre" JINNt .. 

1950-,. two group, ol en,) 1110log1,1, ,ct ahou1 ath.Jrc..,...mg 
this problem The hN. 111,11g.ited h\ Otto liol mann-
0,1enhol ( 1951>. cla,,1hl'<l en,~ mt:s u,1ng a,~ ,ll·m ha,cd 
on 1hc num~r ol molecule, 1mohcd III tht.' f'l",ld1011 lk 
prl.lpl'hC<l the lolhm mg thrc,: gL'lll't.11 da..,..,l"'· 

f1,drolt1\t'\, IIWI\J,-r,l\n a,ul oudo,-,·dm ta,n fnf 
1hc gcnt.•ral rc,11.:110111~ pt.·,\ + B C + D, 

I .WH'\ and nmt,a,,·, (,\ B t- C'l 

Run'lltmn (.\ Bl 

\lak<.llm D1,on ,111d l ·,d,\111 \\'chh. \\he, \\l'li..' 1.:nmp1l1ng 
a li'-11 tll all k.11<m n Cil/} nw, 101 lhl'H 111tluen11al hook. 
E1t;:_\m,·,. noted th~1t. de,p11t.~ thl' 1da11,d~ f;.irgc numhcr 
of en1)mc,. the numhcr ol t~1x·, nl r1..'<ll'llnn 1mnhe<l 
v.a"i quite ,m,111 The~ al,o d.1"1hi..•d cn,~ me, 11110 1hrec 
bwad group, depcnd111g on thl· I~ JX' ol 1l'ac1mn catal) ,c<l 
the h)dml},mg. 1ran,tcrr111g ,111d other ent}mc, The 
latter group rndudc<l thl' "'}nthct,1,t.•, (Cllt}me, cat.11~,rng 
,)nthcllc rcaL·1tm1-. hnlcd \\ 1th thc hrl'i.tJ..<lo\\ n ol \TP or 
GTPJ. "ilcrcor,orncra,c, Jnd en,~ mc, that .1ddcd gmup, 
to double b\lnd, The o,1U111ng t.'11/} 111c, ,.,ere though1 ol 
a, 1rnn,fcrnng hydrogen and \\l'rc thcrdnre c.:atcgon,cd 
\\Ith the other tran,lcrnng en,) me, I Dr,on and \\'ehh. 
19~8). At 1he time of gorng 10 pre\\. the) had c~uegon,cd 
659 cni)rne, and. hc,1dc, ptu.:mg them m the ;.1tx,,e 
cla..,..,e,. the) numbered them ,enall) Imm I to 659 

(A) H,dmlnmg ,•n:,mc.\ f-221 Cll/}nlC"i) 

Eni)me, h)drnl)'"'l' CO "II I 1111k, (Num 
hers I 69) 

:? Ent)mc, h)drnl),1ng .1111111c,. etc (Number,., 
70 88) 

Cnt)mc, hydmly,111g e,tcr l111", (Number, 
89 117) 

(a) Ct,r/,,m/u nta, !Numbers 89 105) 

th) Plto.,pltonc nHT\ , ,mnher, 106 124) 

(c) Sulplmrff ('\ten (:\urnhcr, 125 128) 

!ell /7110/,•11<·1, (Number, 129 115) 

fe) Phntolffntu\(i\'u111tx·1, l.\6and 117) 

4 bt1)111c, h)drol)""l' gl)CO\lcl1c 1111k, !Num­
ber, 118 176) 

5. cn,)mc, h)drnl)""!! acid JOh)<lmlc 11111-, 
(Number. 177- 186) 

6. b11)mc, catal}\lllg no11-o,1<la11,e decarhn,) -
1,u,on\(Number, 187 211) 

7 Ent} mc, h)dml),mg other link., CNumhcr, 
21-l 221) 

(BJ frcmifi.•rrm,: e11::\IIU' \ ( .158 CII/) me,) 

I. En,)mc, tran, 11.!ning h)drogcn (ox1dorcduc­
la,c'-.} <Numbcr'-1 222- W2) 

rn ... 1or) of ent) me nomench1lurt 

Ca> l:.11:._, nu•\ ,n.:ic/1w1g CHNH1.COOII to 
·o COO// !Numbers 222 230) 

(h) Ln;:_Hllt:.\ o,11lt,mg other 1111roxemm\ 
gm11111 /Number. 231 259) 

(C) J.n:\111('\ cnulr\mg CHOH w co 
li'umbers 26() 337) 

f<lJ / .n;:\lnn O.tllh\1111: OJ CH1 /{I 

( Cl/ 1/\umbe" H8 3451 

Cc) Ln.:,_, m('\ audnuu.f or redunng wlphur 
gm11111 /'\umber, 146 353) 

en 01/u·r o.ud, . .,,,,.~ n,::_,me_., c.,umhcr... 15➔ -
402J 

:? En/) me, trnn,ferrmg mtrogenou, group., 
('\umhe,- 40.3-126) 

(a) Ln:nm1
\ trmujnnng ammo r.:m111n 

(lrllll\lllttllltl\(' \l (~umbcr"i ➔03--f20) 

th> /-.11.:,nnc, 1rml.\jt•rri11g mmdme 1:mup, 
(Numbcr42 I J 

(L· ) Ln.:.,mt'\ lrcmsj,•rrmg ammo acids. 
p,-p111lt·1. ,,,, (Number, 422-126) 

cnl) me, trnn,fcrnng phosphate group, (Num­
ber, 417--503) 

{il) En:_Hue., 1ra11Jferrmg phosphate x roups 
rmm nuclensuletriplwi;p/wres (p/w,;;plwla-
11ll\e1} (Numbers 417-174) 

(b) £11:_,me, 1ra11.{j,•rr111g p_, roplwsphllle from 
ATP (f'""Jllw.1plwfo11ue;} {Numbers 475 
and -176) 

(C) /;11:__,me'i apparem/_, caral, )I/Jg m-
tnmwleculnr plunphate 1ra11:ifer (p/w.'i• 
pho11111tu1es } (Numbers 477-182) 

(d) l:.·n:,,me., 1rmHj,•rr111~ wh.mnaed or-
1Jm1~ho.\plu11e r.:mup\ of tTlphoYpluuer. 
leanng 11wn:a11u· p,mplw.rphare ( f'\ 

mph<1<pfumlt111•1} ( 'lumbers 48~-195) 

(c ) En::,nw, catal, \lllt: miter phmphate­
lramj,•r n •at1t011\ (Number-. 496 503) 

4 Fnt) me, tr;,111,fcrnng i.lC) I group1.. (trnn,aq 
la,c,) ( 'lumbers 50-1 524 l 

5 En/) me, 1ra11'lcrnng gl)CO)}I group, (tran,g­
i)C<h) la,e,J (Numbers 5}5 560) 

6. 6111) me, 1ran,fl!rrrng cocn/) me A (Number-., 
561 -563) 

7 l:111; me, tran,fcrnng mcth) I group"' (tran,~ 
meth) (a,c,) (Numbers 56-1---567) 

8 En,') me.., tran,fcrring 01her group-i (Numbcr-
568-579) 

(C) Other e11:1111PS (80 cnl) me, ) 

.l5 .: .,I I ~ 



K.Tip1on and S.lk))<'f 

EnZ)mc-. catal)-.mg \)nthc11c reaction\ lml-..ed 
" 1th the brcakdm, nor ATP or GTP (Numbe" 
580-603) 

2 Ent) mes adding group, to double bonds 
(Number. 60-I 6-12) 

Enz) me, 1.:atJI) ,mg change, of ,1cnc conhgu­
r:itmn (,terco1,omcrn\e\) (Nurnbcf"'I 643-655) 

4 En,)mc, t:Jtal),mg other reaction, (Numbef"'I 
656 659) 

The h\l al...o prm 1dcd mlom1;.u1on .ibout the cofactof"'I 
and pro,thc11c group, rcqum::d b) each ent) me. \\ hether 
or not 11 had been Cl) ,1alh,ed. the orgam,m or u,,ue-t} pc 
where II had been found and -..omc mfnnn,mon about the 
sub~trate or reaction catal) ...ed 

Th111 \\ a, 1he bcgmnmg of the current ent) me cla,\lhca­
uon and nomenclature ')'tcm. '" 1th enzyme, d1, 1ded mto 
groups and subgroup, according to the nature of the re­
action cmalt...cd IIO\\C\cr. the combmauon of ,uch a d1-
,1s1on \\ Uh a COfl\CCUll\C numbcnng \)\tem \\OUld not 
aJIQ\i. for an) enzyme, ,ub,equcntl) 1dem1hed to be a,­
signed a meanmgful number m It\ cla" unle,, all tho...e 
m sub,equent cla,,e, were renumbered For example. the 
next 3\ ailable number tor a nev.l) d1,co\crcd pepuda,c 
nught be 660 and -.o that class \Hluld then include >sum­
bers 1-69 and 660. 

Dixon and Webb rccogn11ed the an1hc1aht) ol th" 
di\'is1on mto categoric,. and pointed out that h)dml,1,c, 
could also be regarded a, tran,tera,e, . ..,mcc the) ca1al) ,c 
lhc tramfer of one pan of ,1 molecule to v.-atcr and. 
similar)). man) of the reacuon, ca1al)..,Cd b} the cn,)me, 
m their group (C) al,o 1mohc tran,lcr rcactton.., If one 
"' anted to be pedan11c. one could ,a> thi11 mer 9()<"1' 

or the en,}nie, m that h,1 could be regarded a, bemg 
trnnsfera,e,. HO\\C\Cr. ,uch a c1a..,...1h1.:atmn \\Ould 1101 
ha\ e been \el) u,cful and,.., not con'1,lcnt \\llh 1hc v.a) 
m v.h1ch b1ochcm1\I, u,uall) thml-.. abc.lUl reaction, 

The present format 

In 1956. after being approached b) Dixon Jnd Hollmann-
0 -.1cnhof. 1he Pre,1dcm ol the International l 'n1on of 
81ochcm1\ tr). ~larcel Horl-..1n. e\labll\hed an lmcm,umnal 
Comm1, \lon on Ent) me, to tad le 1he problem, of 
clas1,1hcat1on and nomenclature. The Cornm1,,am\ 11111ml 
tenn, of reference \\ere: ·To corl\1dcr the da,\lhcauon 
and nomenclature of en,) me, and coco,) me,. their unn, 
of act1\ 11) and ,tandard mctht)(h nt a"a). together \\ uh 
the ' } mbol... U\Cd m the dc\Cnptmn of Cll/) me lme11c, · 

It \\ a, an amb1t1ou, remn ,md nm all 1hc,c a,
1
>el:t... 

ha, e been hrough110 a ..,a,1,fat1or). or gencrnll) accepted. 
complcuon A 111:lJ<>r role for th1, Comml'i'ilOll \\a, w 
de\ 1,c a ,enc, of rulc..JrccommcndJIIon, 1h,1t could be 
1mplcmen1cd for ihc ') ,1cmJ11c n,unmg of old Cllt} me, 
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and accordmg 10 v. h1ch ne\.\ en/) me, could ~ cla,,1hcd 
TI1ey con!iiderccl ,cveral !Xl"1hle \\a)' ol cah:Oi:?Orl/mg 
enzyme\. , uch a, "-)\tem, h,1,cd on \i.hat '"'" lhl'n "ncmn 
aboul the chcm1cal natu1e of the en/) me (1la,opro1cm. 
haem protem. copper protein. etc. J or the chcn111.:·~11 nature 
of the ,ub,Lrate cnucleoudc. ,arboh)dratc. proh.•111, c1c) 

before optmg for a ,y,tcm that \\.I"- b~i...ed on thl.' ,,,,·ralt 
reaction ca1al) ,ed.\\ h1ch meant lhat 1111crn1l'd1ah.·, lormcd 
dunng the reaction v.-cre not 1akcn 1010 con,1dcrat1on 

In 1958. the) produced an mtenm report. \\l11d1 ""' 
apprmed and hnal11ed m 1961 and puhh,hcd Ill the 
second edu,on or £11:,m,•1 ())"on and \ \ .ehh. I '16-1 l a, 
\i.cll a, ma ,cpamte bool-.. CO\Cnng Cllt)llll' nmncndaturc 
and the Ullll\ and 1hc ') mbol, u,cd m Cll/) me kmcllt:\ 
(Ent)me Nomendaturc. 1965) In th1S. the) c,tcndcd the 
earher '}'tern of 01\on and \\cbh I 1958) b) da",f) mg 
en,) me, mto the follmi.,mg ,1, categoric, 

C"l.1u .'\JmC' Re.-:uon c111,1l~ -.cJ 

~-- ---
0"1Jot-cJuc:ta'<', ,\H1+B~ .\ Bil, 

Ill' \II B A RII • H ► 

Tr.11hler;1\C', ,\\ ll .\ B\ 
H~drol.11"1,(', AB 11:0 -\II BOIi 
L\a-.c-, .\ 8 \' \ B 

\\ 
homC'r.11~ ,\ a 8 
Lip\C'1. \ + ff ♦ 'lf> • \ R t, 'l>P 1- P 

Uf \ .. B + .,TP - . \ " + '\IP + pp 

l.ya,e, \\Crc dehncd a, cn,)mc, l'.JIJl),mg the rcnHl\al 
ol grourh lrom 1hc1r ,uh,1rJ1e,. other than b) h)dml),1,. 
lea, mg double hond, I 1ga,e, \\ ere dchrn:d a, ell/) me, 
\\h1ch 1ha1 ,a1,1l),c lhl' Jnmmg tngc1hcr of I\\O molcn1le, 
coupled lo the brcakdm, n ol a d1pho,phatc hontl 111 

a nudcos,dc lrtpho,phatc 11' TP) ,uch a, \ I P. thc,e 
cn,)mc, arc al,o 1-..no"n J\ ')nthe1a,c, Thl' 11.1mc, ol the 
oiher cla,...e, arc ,cll-c\ idem 

l:.ach ol 1hc"-t.' da.....,c, \i.a, tunher ,ubd1\ 1dcd. \\ uh ca,h 
cnl')mc bcmg gl\en a umque lour•d1g1t rode. 1hc l·.ll/) me 
Comn11,.,,1011. or CC. m1111hcr The ,c,ond d1g1t refer-,, 
10 !he ,u\)\:Ja.....,. \i.h1ch genl'rall) co111J111, 111torm.u1on 
atx1u1 1hc l)pc ol comix>und or group 1mohcd For 1hc 
O\ttlorcducta,c,. the ,ubcJa....., md1ca1c, 1J1e I) pc of group 
m 1hc donor 1ha1 undergoc, o,1dauon (e.g. I I au, on 
the Cl! 0 11 group of donor\ \i.-hc,ca, I l au, on the 

11 Cl I group of donor,,), For 1hc tran,fera,c,. the ,cumd 
Lhgn md1t:atc, the l}J>C ol tra1hlcr that t.11-..c, plal:c. \\ uh 
2 I 111d1ca1111g lhe tr.rn,kr of one-carbon group, Jnd 1 l 
md1t:a1111g 1hc tr~llhfer ol acyl group,. clc. The 1h11 d d1g11. 
lhe ,ub-,uOc.:la,,. fun her ,pec1flc, 1hc I) pc ol n:.1c11011 
1mol\cd. For 1he o,1dorcduc1a,c,. I I 1nd1cah:, that 
NAD or NADP "!he acccp1or ,md I .2. ha, t') trn.:hmmc 
a-, lht: acceptor. c1c. For the tran,fcra,c,. the ,uh ,ubd<I" 

.. 

gl\e, more 111formauon ahnul lhc group hc.:ing tran,lcrrc-d. 
v. uh 2.1 I cornpn,rng 1hc mL·th) ltr..m,tcra,c, .md :!. I 2 
bemg 1hc hydro\) mcth) I torm~ I .iml rL·l.1h.•d Iran, 
fcr-.1,e, The tourlh thg11 1, .1 'L'nal nurnlx·r 1h.11 1, u,cd 10 
identlf} 1hc 111<.l l\ 1du~11 l.'11/) me'" 1111111 .1 ,uh ,uhda" I h1, 
,a1cgon,a11on ,11II pt:r--1,1, .ind 1l1L· rnl.'thod nl nurnhc.:nng 
m addition to ,ont,11mng 111lon11;1t1nn .1hou1 the nature 
ot 1hc rca,11011 ,,11al~ ,ctl. make, 11 L'<h~ to .1n:01111m)(.fa1e 
a nC\\ I) dr"-t:O\l"rl'd l'll/) me h) ,11npl) .1ll011mµ the 
next J\1.11li.1hlc num~·r al thL· end ol 1i... ,uh•,uhda" 
\nolher. pnnl'1pal 1h.1t w1.1, ,1dnptL'd \i.a, th,11 ~tn) g1\en 
EC numhcr l'Ould 1101 ~ rc•U"-L'<l I hu,. If an Cl11') me 
v.l!rc lound In h,1\e Oc:cn llll'Orrc,.:11) 1.:l.1.....,1hl.'d. or not 
10 C\l\l. 1he r r number \\Ould hc.: lcll Ull<ll:t:up1cd J\ 

a 'dclc1cd or tr;..111,krrc:d entr) •. One C\amplc nl th1, 
con,cm, panncauc nhonudl.',hL' In ,nmc earlier ed11wn, 
of 1he En/\ me I .l\t thl\ wa, h,1e<l a, .1 tr;.111,tcra,e fl C 
~ 7 .7 16). ;lll(C II ·1r.111,lcrs they phosphate ot J (l\rlln· 

1d111c nucleotide re,1duc ol a pol) nudcoudc lrnm !ht· 

5 -pc.l'illJOll ol the ,1d.1rn111ng nudcOIILk to the :r f><hltlOn 
ol the p)rurndmc nudcoudc 11\clt. lormmg a C)dtl: 

nudeoudc" It ,pent ,ome lllllt." a, a phthphonc d1c,tcr 
hyclrnla...e (l:.C' l 1.4 .22). hc:lorc rcad1111g 1i... n1rrcnt 
re,ung plJcc amongst the hidrola,c, CFC , 127 5) a, 
one of the ·cndonbonudea,c, pnxluung other than 
5'-pho,phomonoc,ter, H·C 1.1 27 .5). 'illKC ,t catal)'iC, 
·endonuclcol}llt: clca,agc to .l' phu,phornononuclcoudc, 
and 1'-pho,phoohgononudeoudc,. cnd111g m C'p or 
Up ,i.nh :!'.'.\'-c)clic phthph,11c 111tcm1ed1atc,· The b 
number\ '17 7 16 and .l 1 .➔ . 2'1 nmi., merely con1a111 <l note 
that the Cnlr) for pancreatic nbonudc.1,c ha, been 1ran,­
fcrred to l:C l 1 27 5. \\ hilc th,s current cla,s,ftc:,11011 " 
con,1,tent \\llh the ,y,tcm bc111g ha,ed on oi.crall reaction 
c:ata.l) ,ed. and perhap, ''- 11h lhe ' '- il) th.11 mo,t h1ochcm1"il\ 
1hml-.. about the cn,)rnc. 11 up,ci... ,c\cral of ththc \i.orkmg 
on nbonuclea,e, "ho behc,c thJt. h) nght. 11 should 
be class,fied a, a trnn,lcra,c It should be noted th,11 the 
d1recuon 111 \i.h1ch 1hc reaction t>cctir, I\ not 1..pcc1hed (1 e 
an equal\ \lgn 1, u,cd rather than an arrmi. J ~o. C\Cll if a 
reac11on ha, onl) been oh,cncd 111 1hc rc,cr,c d1rcct1on. 
11

" u,uall) \H111en 111 the d1rcctmn th.ti 1.., common to the 
,ubcJa....., to \\h1ch It belong, 

A con,cquencc of u,mg the reac11011 c~ltJI) ,cd a, the 
ba\l\ for naming Cll/) me, 1, 1ha1 all Cll/) me, caIT) mg 

Out the \Jmc rcac11on ~trc grouped together. C\Cll 11 
the> operate b) d10crc111 chc1111c,ll rnccha111,m,. or occur 
a, ,cry different pro1c11h 111 different ,,>euc, or ccll­
l) pe, Fruc10,c-b1Spho,phatc aldola,c lloC -l 1.2. 13). for 
example. mcludc, CO/) me, \i.ork111g 1hrough different 
~cchan1,rn1,. In the 1110,1 rt.::ccnt update of the en/) me 
l\l, th1, 1, dcah ' " uh h) an c, planatOr) commcn1. 
\\ hich read, ·The )ca,1 and bacterial Cll/) me, arc 1111c 

protein\. ·n1c en,) me-, 1ncrca,c elcctron-a11rac11on b) the 
carbon) I group. ,omc {Cl.:1:,:,, I ) fonm ng a pro1onmcd 1m111c 

llistor) or cnz,·mc nomenclalurt 

w11h 11. other- (Class II ). maml) or nucrobial ongm. 
polanl'111g 11 ' '-·llh a rnet,1I ion. e.g. ,me· In the ca,c of 
the alcohol dchydrogcna,e, (EC I I I I J. there arc many 
"'-OCll/) me, m 1hc human alone C...cc hup://v. \\ v. .gene. 
ucl ,le ulJnomcnclaturc/ADI lshtmlJ and. for e,amplc. the 
l.'ll/) rnc from }Ct11..t " a ,c1y d11fcrcn1 protcm A "i1m1lar 
\IIUi.111011 .1pplic, to Jlli.ltl) Olhcr en/}ITIC\. ,u,h a, the 
.,ldch)dc dch)dcogcna,c, (,cc hllp://\\ "" uchsc.cdu/sp/ 
,p/akdba,c/aldhcm html ) llm,c,cr. the) arc all lumped 
1ogc1hcr under one name and EC num~r 

\\ hat'~ in a name? 

\ no1her J\\UC tha1 had to be addrc,,cd \i.a, the name 
h; "luch an cn,i me should be known The name in 
mo,t common u,agc \hi\ dc,1gnatcd a, the ·trl\ ial name·. 
pro, 1dcd 1ha1 It ,i.,a, unamb1guou, . .1nd wa.., g1i.cn pnOnt) 
b) the Co1t11111.....,1on In ,omc ca,c,. name, that did 1101 
de\Cnbc the Junc11on \\ere rc1a111cd. '" here they v.ere 111 
general u,c and \\Crc ·,ufhc1cntl) unobJcc11onable·. 'iUCh 
a, in the ca,e, of the catala,c. the pcp11da,e, and NADPH2 
dwphora,c Not all mcarnngle,, name\ \\Cre ca\l mto 
obi!\ 1011. lor example. the tm ,al name for the latter 
cn,ymc "a, followed by the note "(The ye0>t cn7) me"°' 
ongrnall) known a, the ·old yello" en/) me" )" In later 
dc\cloprnenh of the \)'Item. the prefcrTcd in,ial name 
became knO\\ n a, the recommended name 

Each cn1ymc \\il'I al,o g1\'cn a ,y,tcrnauc name. \\.h ich 
had ,ulhc1en1 chcm1cal mforma11011 for the ,tructurc of 
the ,ub\lrate a, \\ell a, the nature of the rcacuon to be 
deduced Such ') ,1cma11c name, can be long and compl1-
catcd. An exmnplc 11, 1he \) 'llCmauc name for 1he cn1.) me 
nbofla, 111 ') ntha,c 11:C 2.5.1 9). 6.7-duneth) 1-8-C l -D­
nb1t) I )lum:11me.6. 7-d,meth) 1-8-( 1-D-nbll) I )luma11nc 
.2,3-butancdt) ltran,fcra,c, vvhich I\ 1101 1hc co:I\IC\t name 
10 rcmembcr1 The Nomcncla1urc Com111111ec of 1hc 
lnterna11onal Com111111ec of 810ct1cm1\lr) and Molecular 
81olog) (NC-IU B~IB) no\\ '""'' clo,cl) "uh the lnter­
na11onal Uruon of Pure ,rnd Applied Chcmhtl") ()UPAC"l 
a, aJ01n1 cornm111ee on b1ochcm1cal nomenclature (JCBN) 
m cn,unng 1hat the '} ,ten1<111c name, accord '" 1th 1hc 
IUPi\C" \)stem (,cc Pamco e, al. 199-1). Tim plethora or 
1111tml, accornmodJtc, l\\ o rather d1flcrcnt approachc,. 
\\ h1ch do not ah\a), ,11 ca,al) together. TI1e IUPAC name 
mu, t he cn11rcl) unamb1guou,. '111Ce 11 ,hould be po~'i1ble 
to c::omcrt 1he name dirccll) mto 1hc chcrmcal \lrncturc. 
B1orhcm1>1'. on the other hand. often bchc, c that their 
non-\)\lem:rnc name, arc ,uffrc,cnt l) \\ Cll J..nown by 
other b1ochcm1"il\ nOI 10 require dch11111on 

There arc. hm, c\ cr. otht:r group, ,,ho hn, e been 
.mcrnp11ng 10 ,mpo,c ,omc ,ort of order on \\ hm 1hcy 
pcrcc1,e 10 be an unlld) ,11m11ion. The chfferent nat1onal 
preference-. bct,i.een adrenaline and epinephrine. i:,, for 
e\ ample. \i. ell J..nO\\ n. Apparcn1ly 1he resolution of 1hi,;; 
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suggested b) another commI11ee (of which \\C \\ere 
fonunatel) not member\) \\al to \\Ork through each 
such d"crepanc) an !Urn and let different n:111onal groups 
alternate m choo\lng the names to be adopted If this 
Is m fact Lrue n ma~c, the reflecll\e. buI ,ome\\hat 
pondcrou,. operauon of the JCBN ,eem raIhcr auract1\e. 
In the ca~ of the Jdrcnahne-epmcphnne argument. 
11 appear\ Lhm n \\a\ the \mcncan,· tum to u,e their 
tenn It \\ 111 he mterc,tmg to ,t!c 1f all pharmacologl\l\ 
\\,111 be J)Cf'\Uadcd to come 10 Icm1, v. uh the fact that 
epmephnne bind, to adn,noceptol'> (or perh,1p1 the} ,1111 
ha\e to go to 1tpecch therap1\l\ to learn hO\\ to pronounce 
·cpmephroceptors· ). 

Such arbHraf) pre\Cnpll\cnc..,.., hnnp:, attcmpl\ to 
ha\e u1teful and unamb1guou, nomenclature ,y,tem, 
11110 d1)rcpu1c. and, not ,urpn,mgl). up\et\ a number 
of ,cIen11, I,. Some current argument\ concern \\ heLher 
thiamm or th1arnme ,.., the correct u,agc and whether or 
not NAD 1hould be u1ed mllead of NAD' Although. 
ll could be argued that then, might be more u1eful 
acm 111e, for nomenclature and cla,)1ficat1on commu­
tee,. there are a ,urpn,mg numbt!r ot act1\c \CIent1\t\ 
who can, deepl) about 1uch 111uc1 In pracuce. the 
communuy J\ the ulumate arbner. \ AD (nicot111am1de­
ademne dmuclcoude) d11placcd DPN (d1pho1phop)ndme 
nucleoude). after a pcnO(I of , uuperau, e cnuci,m 
from 1omc people. bccau1e 11 "°' generall) found to 
be superior In comra,I. the tenn hemc-th1olnte doc, 
no, appear to ha,e gamed " 1dc1pread popuiJnl) a, 
an ahemat1\e to cytochrome P-iso and attcmph to 
define enz) me ac11v11i m term, of the l.atal (mol 
product fonned/s) rather lhan the unu 1/<mol produc1 
fonned/mm) ha,e been large!) unheeded A les10n for 
nomcncla1ure committee, of all t) pe, rnu,t be Ihat unfc..,., 
the) perfom1 func11on1 1ha1 are gcnerall) percel\ed 
as bcmg useful. 1he) \\ 111 be ignored 'lomcnclaturc 
mu,1 be a M!rvice 10 the communH) not an end m 
11,e)f. 

A \VU) of addre,.-,mg difference, beIv,, een the nomencla­
ture ~)Siem\ u~d b) different group,. ,uch a, chem,.-,h. 
pharmacolog1\ls and bmchem1\I\, ,, the pro\ i-,ion of 
a detailed glo.-,,ar, of ahemat1\ e name, of compound, 
and enzyme, In lhco') th!\ ,hould me.an that. regardJe.,.., 
of the name that )OU I.no" a compound b). )OU 1hould 
be able to find "hat ) ou are lool.mg for m the en" me 
li, 1 In practice. th 1, ha, not been the ca'-C. due 10 \~Jee 
hm11a11on, a,,oc,arecl \\1th the primed \ef\ion of the 
en,) me 11<1. Bccau1e of the de11re to l.eep the bool. form 
of the cn7) me h,t 10 a manageable ,ue. man) of the 
alternml\e n::une, for cn1ymc, \\ere remmed from the 
li, 1 pnor 10 publicauon or the 1992 ecl111on 

1
\lany name, 

that \\ere amb1guou, or 1111,lcadmg v.cre al,o e,punged 
Although thl\ v.a\ done\\ uh Lhe be,1 of m1c1111on,. It doc~ 
not help people ,ee~mg informauon abou1 an en,> me that 

they knO\\ by ,ome name other Ihan one of lhc appro\cd 
name,. Space hm11a11on, arc not ,uch J prohkrn u,111g the 
\Vorld Wide \\'cb and the gJo.,..,,tr} ..., 110\\ hemµ c:,pandcd 
a, a loo~-up t;.1ble to make hnd111g 111fonna11on th,u muc.:h 
ea,Icr 

l{ules and r egulation.., 

A dcIailed account nf the rule, tor d;.1 .... Ihl.al!on 
and nornencla1urc. the larc..,t \ c1,Ion of \\ h1d1 \\ a, 
pubh,hed in ,ec Fn,) me "\omcndature < 199.:!, ,cc 
http://\\\\ \\.chem q111\\ .t.lc.:.uk/1ubmb/ for mrnc rcc.:ent 
mod1hcat1on, and recommcndatulr1'). I he,c ,hould 
make II a rclot1\CI) ,1mple matter to cla"II) an en,~mc 
correctl) I lo\.\c\er. there arc ,omc Clll) me, thaI do 
1101 ht 11110 the gencr.1I ,chemc. One ,ul.-h group 1, the 
peptidase, 11:C 3.4 •). ,,nee all ol thc,c can he rcg,irdcd 
a, cataly,rng the ,ame rcactmn. h)<lrol)IK c.:lea\age of a 
peptide bond h1nhermore. 11 i, ofIcn d1fhc.:ult to define 
Lhc1r ,pcc1hc1t} .1, u depend, on the nature ot ,c\eral 
amino ac1d1 around lhe peptide bond to he ll\drol),cd 
and the confonnat10n of the ,ub ... trJtc pol) 1,cpt1dc c.:ha10 
Therelorc. their c.:atah uc mc,ha111,m 1, al,o t~1kcn 1111n 

accoum "hen dh,1 .. f} mg. them f hc J)l:pt1da,c, ;.tre 
d1\ 1ded 11110 l\\O m:110 ,uh ,uP(.:fJ..,,e,. the c:,opcpuda,c, 
(.1.4 11 l4 19> and endopcp11<la,c, n.➔ .21 , 4 24 ,ind 
l4 99). The c.opep11da1e1 onl} Jct near the end, ol 
pol) peptide eh,1111, 11 1he) ,let at the , Icm111rn1 10 
liberate a ,mglc ammo at.:rd. the} arc Icm1cd am111opcp­
t1da,c, {tho,c that liberate I\\O ;.md three ammo ;.U..:llh Jrc 
called d1pept1d) I-pcpuda,e, and tnpcpllu) I pcp11d,11c1. 
rc,pccu\elyJ. lho\C actmg on peptide bc.md, th;.tt arc one 
and mo ammo ;.1c1d, av.a\ lrom 1hc C·tcnnrnu, .ire car 
bo,)pep11da1e, and pept;d) l -d1pcp11da,c1. rc,pcw, cl} 
The carbo,) pep11da1e1 arc funhcr 1uhdl\ 1dcd h,1,cd on 
ca1alyuc mcchani\m hcnnc-t}pc c;.1rho,H>ep11d~1,c,. 
me1alloearbo,)Pep11da1e, and c) 1tc111e-t) pc carhO\) pcp­
llda,e,). ll.:l\\lhcauon ol the cndopeptuJ;hc, ,, ha,cd on 
the cataf)tJc mechanl\111 !~:\ample, ol the ,uh-,uht..:1.1,,e, 
J.rc the 'iennc cndopcpllda,c,. a,I,anI, endnpcpud.1,c, 
and metallocndopcpt1da,e, Spec1hc1t). anti ,ourcc .. ire 

onl) u,ed for narmng Ihc HH.li\ 1c.lual cndopcpt1d;.1,c, 
l la\ mg broken the rnlc.., once. n "ol n>ur,c: e<.I'1er to do 

\tl agarn. and there arc \C\cr,1I other ,~I..,c, \\.here ,1mplc 
rule, ol nomcncla1urc are rnJppmpnatc. The plethora ol 
the rc,tnctJon cn<lonuc:lca,e, occupIe, onl~ Ihrcc dilk'renl 
,pace, rn lhc cl;,i...\lhca1mn \Cherne: 

l:.C 3. / .2/ .J l \pe I Hte-,penfu· dt·o\\rtlumuc-!,•aw 
(al,o knov.,n a, Type I re,u,t:tum en,} me).\\ h1c.:h c;.IIJI) ,c, 
the endonucleoph1hc clc,t\iigc of DNA to ~J\c r,.111dom 
double-,tranded fragmcni, \\ 1th Ienninal '.) • ph<hphah:,. 
ATP" 11multancou,I) h)clroi)1cd 

EC 3. 1.21.4: r ,pe II w e-.\Pi'<'I/K deo\\nlumudca,e 
(al,o ~110\Vn :i, T)pc II rc,11Ic11on cn,)mc). \\h1ch c.ital-

,,c-. en<lomu.:leol) lie.: dl";t\;tgc nl n:-.; ,\ lo g1H' ,,x·nhl' 
dnuhle-,lrandl•d tragml"llh \\ .!:1 h:1111111;11 o1i pJu,...phall·, 

I-."( J/.21 "'i 1\1,1· Ill ,lit lf'n ,fj, t!,·o.l"\11bo,iud1 

tl\l' (,:1I,n ~lltl\\O ., ... l~r~-· II rt.•,·n1..11on 'IU\lllt.'), \\h1d1 
al,c• l'Jt;.1I} ,c, l"lH.lonudrnlytu.:. <.' t··w,tt'l' ol I>, \ lo 
!!l\l' ,pc.•l"1hl: d,,uhll·-str,uu.ll·J fr.1rmcnt-. w,rh Icrn1111;1I 
5"-plu,-,,ph.ate, 

flu, 1, cll•;1rl~ nnt " grc~tl lk.1I . ,r help :11 1110,t· wi,hm~ 
Ill hlf.:;.1tc .1 ,,)(",·1fll" ll",11 ,•inn Cll/) 1111..• I lm\('\\"I 1lw 

·rmm11e111, • 11nd1..·1 l";I1. h l'lltl'_\" 1~d11...11l•, Iha, lhl··· 1 irnpn,'-' 
lar!?l' !!HlllP' ,,1 l'll/~ mes and .• 1, \\di ._1, prm 1d111: hn111t·tl 
lunhl'I 111tcnm•11Jn11 ,111 1h,~111 i..•fcr, 11· lhc. l{IJ4 \SI I Imp 
//\\\\\\ nl.'hu1111/rl•h.1,~• rl·,1n1..II,m cn,,·me .l.11.ah;1•,l· that 
lt•lllJm, ,1 l.·,,mpfl•ll· :,nd fl'gulatl~ upt.l.1Icd. lt,t ul thl·,t• 
cnt\ nw, 

l nfini,hed hu..,inev't and n or" in progr(•,, 

'iC\l'ral group, ol l'll/~ me:, lll'l'tl ·,p;I11,mn. ,Hld ,uh ll.e 
from e\f')l.'lh 111 tlww otrL·a, ,, n'-"l"dl•d \ud1 prohk·nt-. 
1'1c.:l'Ur for e\;.1mpk•. \\Ith the h)dJo\~J;.i...l.'' IIJ\ol\1ng '-'~ 
to(hrome J».-i)o. \\l11d1 .u'-' d.1 .... 1lll·d ;.1, mon<kl\~!?l.'na,l'' 
!IT I 14 J. hul \\hl'rl' Ilw n,11me ol th'-· ·ph~,mlo~ll.,1I 
,ub,tratc " often unkrum n. ;i, \\.l.'IJ ,1, ,, llh the l>'\' ·\ 
repair cn,)me,. and thl' pw1t·111 ~m;1,L'' and pho,ph~1t;.1,l'' 
"here: thl.' e,plchJOII ol l'l1/\ llll"' h;.1, made..• 11 <l1llic.:uh h• 
keep ahrea,t 

Tlw treatment ol muh1l.'nt) 1111.· l.'ompll'\l'' and ,m~k 
pol) peptide, \\ 1th 'l'H'rnl d1ttcrent :KlI\ 11Ie, menh 
funher ccm,1dcrat11111 \1 pre,ent. thl.',e aIe li'1l'd umk·r 
their ,eparatc •ll"ll\ llll',. \\ 11h (Ofllllll'nt, th,11 thl') l.'\I,t 
a, mult1en,~111c l·omple\l'' tir 111ult1lunc.:tional prnll.'I11, 
Thu,. the rnultllun1.t1m1.1I prn1t•111 GH~11\,111µ the ')nthe,1, 
of ll)ptnph;.111 ,, 11,ted J, 11, l.·omponent oH..11\llte, f l ·(' 
~4.2 IH. 4 I I .48. 4 2.1 20. 4.1 ~ 27 ,mt! ~. 1.1 2-1 >. "uh 
the note, 111<.hc.:a11ng th..11. 111 ,uml.' or~.111I,rn,. llll.· en,) nw 
1, pan ol a muhilunc.:uonal proIc:111. Iogl:lhl"f \\ 1Ih nrw 
or rnnre ol Ihc other en;\ me, I h,, lh:.11menI ha, thL· 
ad,antagc, that 11 ,IHud, urn.:e11;.11ntll'' nl \\here Jt ,lmuld 
he d1i...,1hed and lhl' l;.ll."t Ih.1I \\It.it 1, a mul11l11nuronal 
pnll(.'lfl 1n ,omr 'flel"ll.'' ma) l.'\I,I ;1, ,ep.uafl• t·ompo 
nc,u, 111 another l ·llnh'-·nnnr'-' 11 ,1\01d, Ihe nt•n· .... 11, 
tor c.:rnnplc\ ,~,tl.'111.tlK n;inw,· hir ,·,,1mpk l,HI) i.lt'1~I 
'} ntha\C ( 1:-.C 2. ~ I R<i). \\ h1d1 1, .111 C\L·ep11on lo th1, 
geneml rule. ha, the '} ...iern,t11l" name an I ( ·n. \ malnrl\ I 
CoA 0-;.1q hr.111,ll•r,a...c f dct·.irho\) l,11111"!!• O\ll.ll:~ I ,(nd 
eno;l-rcdut'mg and th1ol.'\ler h)drol~,ing) \n .1dd11ion,1I 
ad,ant.tgr ol ll\1111µ 1hc c.:ompm1e111, 'l.'flill.ttl.'I\ 1, that 1101 

all muhifum:11011,11 prntem, c.:,11.1I) 'l" re,ll'l1011,· thaI l.'.111 be 
regarded <I\ compn,mg ;.1 ,unpk· ;.111ahohl'. or c.:aI~1holrt· 
reall1on Thu, lhe l.'0111h111ec.l n:auI011 ol till.' mulr ilunc..· 
Ilona! 6-pho,phu(ruuo 2 l.111.1,e Cl·(" 2.7 I 10)) .inti 
fn,uoic-2.6 h"phmph,uc 2-phn,pli.HJ,e (I•(" 1 I 1 16> 
"'>t.1ld he.- , nnpl) lh;H nl ,rn A I Pa,l.' 

I l blOI} of" en,.}mc llOllll ' lld;ilure 

llwn.• arc aJ...o <lcc.:1'1011' to he made a, to hcl\\ to mdude 
1hr nho,~me, c,m,111 Jlll'<.·l.', of R~ \ \\1th c;.11.tl)llc.: actr\-
11, •· l"oll;.11\1u.: •11111hod1c:, f.iht\lTit..''i). nmcl ;.Ic.:tI\1tIc, ;.m, 
11;g frnm ~lie duel 1t·d mu101pr~c:," and the con,tnictIon of 
dllll1l"l ll' prott..·111' \\ 11h111 Ihe ,~ ,Iem and \\ lu:Ihcr or 1101 u 
1, ,IppI opri,lll' lo do ,o 

I he \\a~ for\\ard 

In lhl· llJiX ed111on ot their hoo~ D1,11n and \\chh ,tatcc.J 
that • nw numlx·I' ol l"n1~ llll.'' ,, l•ir~l' O\er 6~0 hut 
not ..1, l•tr~l' a, pcrh,tp, 1111gh1 he: CXJll.'lled m \ IC\\· ol the 
complc,11~ ol the rl'Jl.·t1nn, occurring 111 h, anp math~r" 
1 hl' numlx·r ot en,, rne ... cla ...... 1hrd h\ the I :111\ me Com 
rn1 ...... 1011 ha, indeed ~1,cn ,tcad1I~ O\C~ the )Ca,....-. Imm 712 
111 l'lfH 1n 1196 111 199.::? ,,cc t-.n,,mc \ 'omcncl.:uure. 
1%5. 11171. 1979. 19112> tor the ,1,;,d) dc,clopmcm of 
thl· li,I ot da,,1hcd cn,~me,J ,ind are ,, mm approach 
1np: l<iOO t,l'l' hIIp://\\ \\\\ .chem (1111\\ .oil' ulJiuhmh/ for the 
lll<ht rel"'-"nt add1110n,J. \lorl.· rcl'.Cnt c.lc\doprncnt.., ha\C 
tll\nhetl dMn~c, 111 lhe 111furm;.111un ,upphcd J\ \\.Cll i.J\. 

nt n1ur,c:. a ,Ic•uh e.,,Mn,mn nf the numOCr ol Cll/\ rnc, 
d,1.....,1lred • 

lill'IC ~irr l·on,ttamI, on the NC~IU~IB ,\\tern. the 
nomcndatur'-' 11uI,1 ;u.:co1d \\. llh I L'P,\ C' rnl;, and the 
1nlrnmaI1on c.:onto11ncd mu,t he. ;:i-, lar a, puv,1ble. corrct:I 
and unarnb1gunu,. 1-unhcrmore. It compn,e, datJ Ihat 1, 
ha,c:d on funt:11011 {re;.I1.:11011 caIal\,cc.lJ ,inc.I not ,tructurc 
Tim,. dc1.11h ol the k.mcuc.: ~h;\ aour of mdt\ ,dual en­
/) me, .ire not 111duded and l'\Cll rnlormatmn nn cotacIor 
requirement-. 1, ohcn gl\en 111 ,ome\,hat leg;.1h,11c lonn 
h,r e\Jmph:. a ph1a,c hkc ·Ihc cn,~mc Imm F coh 
require, \lg~·· lc;.l\c, open the po,'lh1ht) th;.H an en;\mc 
l"JtJI~ ,rng lh~ ,,unc ~~Kllon Imm anothe, ..,.,url"c Ill.I\ not 
Iequirc 1haI mc1~1I ion 

">uch c.:nn,1dcrat11m, and thc 1mohemc111 ot l\\(l 
tormrnttel'\. plu, <I numht.·r ol 1.1d, 1,01') panl'I, ma~mg 
r'-·t.:0111111c11<.IJI1on, 10 them on ,pc,1hl.' area, ol nnnu..·nc.:l.i 
turc. mean, Ihat thc prcKe.,.., nl t..:li.,..,..,11) rng and nammg 
eac.:h nl.'\\ Cll/\ llll' cm he lru,t1;1t111gl~ ,Im\ In the pa,t. 
nnnp1la11nn, nt Ill.'\\ en,) me, \\erl.~ t.:on,1dc.-ed h) the 
JCB'\ ,11 ,111 annu,1I llll"et111g. mod1!1l.•d \\ here ;.1pprnpni.ltc 
and ho11gh1 h,tl"k. 10 Ihe lll.'\t m1..·cI111g for r,111f1Gt11on before 
prep.11aIuu1 ,i... ;t ,upplc:mcnt 111 the I .Ump,·w1 Journal oj 
llrm lt,·mHtn I lcmc..·\l.'f". 11 ha, mm prmcd p<).....,1blc IO 
,peed-up lh1' prtl(,:c" h) Ihe u,e ot lhc: 111tcrnct for JCBN 
re\ IC\\ ..1nd 10 pre -l"m:ul.uc rn,11cnal lhrough Ihc IU81\ l 8 
home pagi: t,cc ht1pJ/\\ \\ \\ chem.qm\\ ac.uk./Juhmb/) 
for l.·on1r11c111' from the u1111111un11~ at )Jrge. before frnal 
rallflt..:auon II L1l,o me1.111, th.11 1hr h,1 con1am, a rc,mctcd 
;.I111m111I ot 111101111.tt1nn It 1, o.tl,o ,x-....;,,,iblc IO , ubrn11 
111<.llcn,1I pmpo,111g .add111nn.il l.'I11; me, tor rnclu;,,,ion or 
111c.x.l1llt..:a1101h for C\a-.t111g cntnc, through that ,11c or 
1h1ou~h Ilie SI\ ISS-PROT EN/YME 'lie (1cc belo" ). 

.l9 i~ 
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However. the de\eloprnent of en7) me-related databases 
on the Web has transfonncd the situation and the Enz) me 
List foml', the ba-:i\ of \C\Cral ,nc, conta.mmg mforma­
Lion on protein. gene or ,ub\trate ,uucture\. catalyt1c 
beha1 ,our. metaboltsm. crc. The List can also be hnked 
to , 11es pro\ 1dmg more general mfonnat1on. databa<;~ 
contaimng \UCh a\ thennod) nam1c databa\e~mformauon. 
cnz) mes of rclc\ancc to clm1cal b10chem1,1~. more 
detailed reference,. etc. T\,o maJor en7)111C databa~~ 
that use tnfonnauon from the En7) me List arc SWISS­
PROT ENZYME (hnp://11 1111 «pa,) ch/cn7) me/) 
and the K)olo Un11crsrt) Ligand Chc,rncal Database 
(http://" Ml genome ad Jp/). Both of these also ha1 c 
useful lml...s to other mforn1a11on of 1ntere,t. ,uch a, 
metabolic path11 a) map, and BRE:slDA can cn,)me 
database that pro\ 1dc, e,pcnmcntal data on each enZ) me. 
ns \\CII a; data that ha1c been ,ancuoned b) the Nomen­
clature Commmee). a<; \\Cll a, to the metabolue ,1rucmral 
database KLOTHO (http;//111\11 rbc 11u,1Ledu/klotho) 
and rhe Minne,ora 81ocatal)"'1B1odegradauon databasc 
(http://111111.labmedumn.edu/umbbd). 

Perhaps if one were , 1anmg the enz) me cla,,1hcauon 
S) Stem now. tl might be con'1dered \\Orlh\\htle to adopr 
a system m \\h1ch mdt\'ldual en7)me,;,. \\Cre a,\lgncd 
numbe~ that had no ,1g111ficance other Lhan a, a umque 
1den1tfier for database mampulatl\e purpose, The u,e 
of the mfonnauon-nch EC number a, a "mple tdentther 
makes c;ome mampulall\C ta,k, ,ome\\hat more comph­
cmed. Ho,1,c,cr. ll I\ a fittmg tribute IO the m~1ght, and 
perse, erancc of Malcolm Dixon and Ed11 m Webb that the 
system that the) de11,cd and de1cloped ,ull \land, us in 
such good stead 01er-l0 )ears larer 
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The early introduction of dynamic programming 
into computational biology 

David Sanko 

Ccnrre dv r£cherches ma1t,~mar1ques. Unrvers1te de Montreat, GP 6128 succursc11e 
Centre• Villa Montreal, Ou1:bec HJC 3J7, Canada. E-malf sankolf@ere umontreal ca 

ln1roduc1ion 

In 1994 19'Vi. 1)1\I \ CS ,p<>t1'rned ., theme ,car on 
computa11onJI b,olog~ \mong the! nunh.'rou" ,t•n111Ktr, 

and \\Ork,hop, \\a, nnl! org;.m111..•J h~ ,\l~r1n ,\po,tnh,o 
and Ralfaclc G1anc,rrlu. rec.rpttulated 111 the11 I 99X p,tpct 
on the h1,tOI) ;.tnd moll\ .uum, lor ,1..•quen,e tompan,on 
In m) paruc1pdt10n 1n thl\ l!\Clll. I \\a, lcU to nm,1<lcr 
\Ome of the earl)" 111terau1on,. ~it the lcntrc <lc n!thcn.:he, 
mathcmauquc, 1CR \I l ,md cl,e\\ here. 111 the held mm 
~no\\n J"i computatmnal h1olng)-. ,\ ,hurt lllnl! ca,hcr. I 
had read a 1989 paper h) \\alter Gnat.I on the 11npall ul 
Stam,la\\ lilam 111 th1' held nw penult1111a1e ,entence 
m thts ar11cle ""' a quntc from Ll,1111 h11nsell ·1 ,taned 
all thts'. 11h1ch pu11led me grcaII) \, I.Ir a, I ,ne11. 
Ulam had no nnpact 111 the earl) de,clopment of the 
fteld. and "h,lc he g,11c tai-, on 11 at lca,t Imm 1971 
(cf. Ulam. 1972). the d1'tancc he tlehned "·" alrcad) 
pubh,hcd (Le,cn,htcin. 1965) and the problem he 
proposed had al read) been ,oh ct.I. tor all 1111cnts and 
pu~e,. m the molecular h1olog) literature (Needleman 
and Wunsch. 1970) and cl,c\\•hcrc (Vint,)Uk. 1968) I 
had also read a JOlnt 1111en tC\\ of Ll lam ,111d Mar, Kac 
b) Feigenbaum (1982). and th" led me to reflect on 
this mtsperccpuon on the pan or U,un fand ol Goad). 
and to C')Sl.tlllle the real11attcm that trc>ntcall). Kac. 
h,s colleague of man} )Cars. had pla)cd ,1 crucial. ti 
md1rcc1. role 111 the earliest dc1clopme111 ol the held. 
e,pecrally th,u a;;1>e1Jted \I tth the Centre de red1crchc, 
math~mauquc, (CRM ) Dc,pttc the f,1et that Kac had no 
personal rc,carch m1crc,t 111 1hc held. '11, crn.:ouragcmcnt 
of a number of Junior mathcm~111u,.111,. and h1, role. 111-
tent1onal or not. 111 bnngmg ,e,carchcr, 10ge1her. recur a, 
1mponant mflucnce, 111 ,c,cral J\JlCCt\ of computataonal 
biology. and cxplam \\h) I dedteate th" ar11cle to lm 
memory. 

In prcscn1111g """c ol these thoughh 10 the Dl~l f\CS 
~orkshop. focusing on the earl) 1970,. m) understand mg 
ofthi\ pcnod \\ ti\ broadened b) commcnh from J numhcr 
of part1c1pan1,. pat11cularl) Jern>ld Grigg, and Pa, cl 
Pc\ iner. and clanhcd b) 1he prc\cn1"1110n 11nmc<l1:11cl) 

' Thh paper I\ dedicated 10 lhc lllCII\Or'\ ol \ 1J1I,. Kok. 

© 01,Jorct Unt\Cr-,uy Pre~, 2000 

tollov, mg. h) ~tu.:h.icl \\atcm1an. \\ ho conc.:cmratcd on the 
era ,1,1r1111g 111 the late I 97(k 

In 1hr, amck, I "111 dra" on m) rccullccltnn, of 
the earhe,t pha-,c, ol the held to dc,t.:nhc hm'- ,cnJlll 

tundJrncntal idea, found their \\i.l}' 11110 the \Crnacular of 
the c.:ompu1.u1onal h1olog1..,t 

D~ namic programming for ',Cqucnce comparison 

In the late ,ummer ol 1971. the ,cquencc compan,on 
problem \\J, broughr to m) aucntton b) 111) fnend 
Robcn Ccdergrcn. a b1ochcml\l mtcrc,ted m the cvoluuon 
ol nhonuclcu.: acid ,cqucncc,. In dl\CU\\IOn, \\ uh h11n. 
\'-C formut1tcd th1, a, the longc,1 common ,ub,cqucncc 
p1oblcm. though at the ume 11c cal led tl ma\lmum 
matching. I rcah,ed that rhc appllcauon of rnmhcrnaucal 
111dm.:11on led to ,i , 1rnplc recurrence rcla11on for ,ohmg 
the problem \Ve con,1dcr t\\O ,cqucnce, of length m 
and II of term, from an) alphabet If the rwo ,cquence, 
are a( I ). . <1(111 ) and /,(I). . /,(11 ). then using the 
notation a, for the prch, ,cquencc a(I). .a(i) and 
1/(r. J) for the longc,1 common ,ub,cqucnce of 11, and 

",-
{ 

i\l (i I. J). 
A/ (1.J)= Ma, i\l (t. J I). 

1\/(1 I. J I) + o 
\\-hCl'C 

o I tfa(l)= l>(J) ,,nd t,-0 1faCi);,eh(J) 

under the 1111ual condttton, M c,. 0) = A/ (0. J) = 0. 
Then M (m. 11) p., the length of the longc,t common 
\uh,cqucncc. :md all longe,t common ,ub,cqucncc, ma) 
be lound b) a "mplc traceback rouunc on the matm Al 
\lJrt1ng \\ 1th main, cell (m. 11 ). \\C chlX)\C the prcdcce\\or 
cell (t.J)tobcan) oncofthc ccll, (111 l.11).(111.11- l l. 
(m I. n I ) that ,au,hc.., 

A/ (m. 11) = A/ (111 I. 11). 

A/ (111.11) = M (m.11 I). 

M (m. 11 ) = 1\/ (m - I, 11 - I )+ 6 

rc,pec11, cl). \Ve contmuc b) hnd111g a predccc,..,or of 
(i. j). 1hcn 1h pr~dccc..,,.,,or. and so on. un1il \\C reach 
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