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A ME1'FIOU FOR DETERMINING'1'I-IE N-TERMINAL RIESII)U1C
OF PROTEINS FIXED IN I'OLYACRYLAMII)I C.1?LS

R . SUII\'NS, S. lil :IC'.'t'I :UX-c~Itl :c :olltl : As''M . FLOtHKIN
lift" )d nJ Iiioehrurixh :e; fits/ilul l .Arii /'rrrlrri(q, I . it', •rsily n/' l .iRge, I.irrr,•r (llr/A'iuua)

(kccuivcd April a .th, 111 ;1)

SU\I\IAlt\'

A quick and convenient method has been devised for duturnlining the N-ter-
nlinal residue of a protein fixed in pnlyacryluntide gels . Tile nlethod is a combination
of iS17eICCtriC foctusing, evellttlally replaced by disc electrophoresis, dau»ylation of
protein without eluting front polyacrylalnide gel, and identification of i-dintcthyl-
anliiiIII ; tplttllalene-5-sulplwnyl amino acids, after hydrolysis, by two-dimcnsiolial
thin-layer chrnntatograpliv . It call be applied to an anrotult of protein of the order
of 3oe /lg, incompletely purified, OT- to a nlixtul•e of prnteillS, Wllell a suitable System
of Separation I,y electrofocusing is available .

I NTROUUCTION

in our sequence studies, we are often faced with the problem of determining
the N-terminal residue of a protein which appeal's to be cln •ontatographically pure
but which gives several bonds when it is submitted to electrophoresis or electru-
focusing in pulyacryllunicle gels . If performed directly on such material, N-terminal
anlinn-acid determination can give ambiguous results, especially if the protein has
two N-terminal residues, wlticlt is the case ill several of the trypsinogens we have
studied .

We have devised a method which enables us to chuck the purity of our protein
material and at the saule tine to determine its N-terminal residue . Tito protein is
first submitted to clectrotocusing on polyacrvlamide gel by the method of \VRUa.l :yl
or to disc electrophrn •esis iu a suitable system . The protein bands are located either
by comparison with a stained gel, or by precipitation in trichloroacetic acid if enough
material is available, Corresponding bands from several gels are sliced and pooled .
Dansvlation is performed without elution and s-dimethylaminonapltthulene-5-sul-
phonyl (dansyl) amino acids are identified after hydrolysis by thin-layer chromate-
graphy on polyanlide

This method has the advantage over previously described methods, involving
the dinitrophcnyl derivativesil or the pllcnylthiohydantuinsl, being much mare sen-
sitive and much less time-cons unting .
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/sue/cc/ric fbcltsiu,
Essentially, the pbotopolvnun •i zation Inetho(1 of \VulcLI •: Y was used tlnv)tlghout

this study . :\crvlantide, his-ttcr\'lan)idtr, anlpholine mixture (I .KIi I'rldukter Aii
stocl(holnl-BIulnnla 1, SW(den) I)rntt,in sample and rihofla\ine art . ntixe(1 together,
poured into ct)lttlllns of dinlethiunS 0 .5 . •, I I enl and then photopulyntcu •ize(1 . "I'hu
gel cOlunuls ;o'u placed in OR' Olectrccphoresis tank With 0 .2 sulphuric' grid in the
allIldic conlp :u•t nu.rnt and 1 ,,, sodium hydroxide in tilt! catlloclic culnlctrtntcllt . A
current of 2 nl:\/gel is run tln•ougll the' gels. Alter uboLtt 0 .5 11 . tllu potential reaches
;oo \' ; thee instrument is then set to constant voltage and the intensity subsctlttently
decreases. The electrophoresis is sttul,ped after 4 II .

.tiMinin, rtud slicing, Me gels
All the extruded gels but one arc inrlrltu •zetl in to y ;, trichloroacetic arid . The

;unc'wit of protein rlecessnt •y to produce white pt •eciIIitatioll hands dtpen(IS on the
II ;Iture (1f the protein ; tin+ Inst gel is al\\ •aVS stained with hrortu,phenol brat', )I-CIing
to without renuroing the carrier ;unphnlites . 'Clle c01-responding hand. front
several gel. are sliced With ;t razor blade, pooled, sttsperlded in Water in a (Iia.lysis
hag, crushe(1 between the lingers, dialyzed against water and lyopllilyzud,

	 \'-/ •c vwtiulrl amiuu-acid drhunwtalrn)a
I)ansvlation is performed by the method of ( ;acs .\CI) LAB( on the iVo-

philyzed material, in the presence of acrylanlide . The I ;Ltttr (roes not interfere with
the In•ot-CtIIIrt' and is 1'(:Itlnvtd ;tt IL fitter' stage . Tile cullditit)11s Used It trda115\'httlull Und
Ilv(lrol\ •sis a1'(' those (ItsCI •I bt'(1 1)y (rW)5 :\Nl) L:\L:ol'IL5 .I •1 1 (OI - proteins, except that
a del ;ty of 2 h is ilttrntluced after pl•eripit ;ttion ill triclllciroacetic acid in order to facil-
itate st'dilnentation of ;u'ryhtnlide . Also, before hydrolysis in I fill of IiN hHCi, tilt!
precipitate is lvophil ved to avoid excessive dilution of the acid used for Iivd1 •n ivsls .

"I'he Ilvdrolysate is cooled ill an ice bath which causes tilt! acrylarni(le to pt'e-
ripit ;Lte . The liquid is pipetted off, evaporated to dryness, dissolved in t ml of mater,
and extracted with 3 I ml of ether . "ilk! water and the. ether pllclscs are evaporated
and an alitluot of each phase is used for the identification (if dansyl amino acids by
thin-layer cllronlatugniphy .

Thin-layer c/n •ourlr/(ogres/)/w of cirntxvl cnainn acids hr Me mutt/hurl of II'uuds avid ii'rng
The polyanlide layers are front ( :hen (!hill ."1'rading Co, Laipai, 'I'Itiuanamide
sheets from other origins have been tried Without success) . Tile 15 --' 15 cot

sheets are cut into four smaller sheets Of 6 I) tin, hot only for Ocononly hut also
to save time . Ill fact, a complete run in the two solvents takes only about 40 min .
The evaporated ether or aqueous phrase is dissolved in 'o p.1 of ;teetonc-acetic acid
(2 : I), and a very small drop is dept 'sited with a pointless syringe needle (lienton,
Dickinson, France) in the corner of the 6 ; •; 0 en1 poly ;uniclc sheet, making a spot
of dimneter not greater than t "I'll, at o .5 cnl front each edge . The sheet is put into
a small jar c(lnt ;tining a layer of \\'atur--(JS formic acid (too : 1,35) . \VIwn the solvent
t'eac'hes the upper edge, the sheet is reln'\ •ed, dried with It hair dryer for a few minutes .
thus put in another jar containing benzene-ctcutic acid (y :)) . ;It a right-lulgle to the

J. Clu •unnrlugr., Gz (1971) 115-120
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first tlit't't •t itln . \\'boll the s111\'crlt rt ;trhcs tilt' rtllllt •r eclgt • • tilt sheet is ltr •iotl and vistt-
nli'rt •tl in U \' light . :\ ( •I nruln ;ltu-\'tn' (t .'Itr ;L-Villlt't I'rlltlltt-ts Int • . , Sun ( ; ;Lllricl, lii .,
t .S . :\ .) is \'I-r\' t'nll\'ollit'.Ilt It11' thin 11111 . 1111st' . I Ilt' lltt111't'srt'llt Shuts ;11't' ill :1'kt'll with
;I lu!lt('il, since tit(' V I,trrilillt' h lintor nltcr a h.'W (lit \ - .1 . •I •lie III ;Ltes, illttntlnUtVtl ill U\ •
li)4lll, (dill ;Ilstl In' I1lultl) t'nllhetl With ;t rnllrtll' lilnl tllrlntgll tho .sln'I •h tl Biter (Il' till'
t'In •unlnlu-1'ue .'I'llc dolls\'I ;Inlinl)-arid shuts ;tlt • \ . t,r\ . , .n sil\' iclcntilit'Ia 1W t •I nnlnl .r'isl)II
with ;1 test uili trl1't' t.'ulltnllllll" ;Illurlt Ill IIg III t'ut'u thllls\'I nt111IIu ;tt'itl r'llll iii till`
s11111t' sill\'Cllts .

I(I •: st'I;1's :\111 IIlst'.I'ssui)N

I'i,)4s . I and a iIIIIstratt • tllo results ulltniIIt'II II I • alll>IVin ;1 this nu •t llncl ti) Shc ;'l>
S-st.illlhntrvIlsimy;en • Sht'.t'll tr\•I lsinu;,t-ll has t%\-,) \-terminal resiclnes, Illu+nyhthulinu
;t fill Vaunt , \\ 'I It'll n1 ti\ • ; ttt'tl, it Iibu r;Ltt's t\\'u N-ternlinnl Irollti(it S, t htXnllcllticlu

Vi_-. I . I •: Ivcu,ll•i ICa .iug 111' ;511 /t, Ill slit-t-1, '-sillphlrtrvIlsinugt'tl in n I'1"„ lnds • ;Ier\i:uuillt' go l cIm-
tuining cnrrtvr nall'ti'ditv .'1t I+11 ,i j • Pill rt111mlvIll(rizull tritli rilnlll ;i inv in a culnutll III,linlrnsinns
tl,i %: I I till . Ilarntitln ul t •Ivctr .-I,
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t ;linotl \with 1'n11nt'hht •n ''l I'liu •,
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PiI, . : . Tut, : thin hair Chrulnntllgraph \ . . u( n tt •s t n,icturt' (it' IIuli,vl nminu trill : ,In Ito,I}•n nliIIt-
htISIrtlt n' a .L~ IIt taCh1, 111itt-,III : thin-IN cr rhrnIIUrtihrnl'h) (if II : lis\ •I omiun ncil k ill It IInrlI IH •
IhI11st •I ntiult III 1w. it-11 is 1n'eeil,iI ;ttt •I I in L4ols 1I\• trichitlruncrlic :bill nit s • .. I . I, •,.trutnctt:iu - IIntuI'
I ; II, 111 mill I\' r,1 1'i~ .

	

I, IrtItu Irlt .Ill ri4ht . rt. 'r,la •I-tivt'Iv . 11 ;1\ t . tutu sli('tul . (First IIiIrut •t isi,IU :
canter

	

IS '

	

lut'IIIic aril ;

	

(VIII : 1 . •i 5) (II'lIIII IL-ft III tight) . St •r ulpl ,lil,u•n "irllllltt •u t' i tai' ;tcl •t ic :trill
It I :I I (lr .nll IIItI .,nl 1„ t .ll,) .

It ' ;Il- :\sit-:\sl)-:\,l)•A ,j'-I-\ •, :uld 1u1 ut •t njuq)tide I'hc-I'ru-\'ill- :\Sll- :\S I,- :\ s1)-:\sj)-l . . :S .

\\'C 11 :t\ •t ' rtuiieiutlt'd that Shct'j) tr) •p,iIll,g(n is n Ini .\tttl't' III tW(I nu11CCUIt's, (lnc hc-

~innin \\'ith tilt' St'llut •nrt' (II tilt' IICx :IIn'l)ticl(' and tilt' ()Ull'l' lu'gimling with the ,e-
Ilut •1 1t •t ' of tlit' u(•t lllu'j)ticlt', Withl)lit j)1 •c,tlnling :In\ • ndditiunal (litlt'rrilrt', WI Iirll It MY
t'Ni,t ;tI''u1 tilt' chaitIS . :\l1\' :ltit'll ll,t tI, st'll :lratt' t1LL''se t\crI U •p 1)Sinn;Lt.n, has failed .
I II I\\ c\'ct' .

Sill j,liitr,l\'sis is rclulrtt'tl h\' l'iccni •: rr: CI al ." a5 1t mild trraUnrtlt t„ ln't Li: tilt!
(llstllj)Ili(lt' hl'1(ht's all(( It' r'NI(lim . r\'still) •1 ,,Lr 1Itj), 1I , S'-Still)IIIItwStt'\'I til'I,1111, \vithutlt
:dteriii utllt't' t't',idut', . SIIt'c1) It' Vj),inl'gta Tuts lltrcn sull)IIitill\'st'd i)\ • able Int'thl , tl ( , f
1'1':Clli':I\I': cI at," RI1d -; Ills ; 11' 1-SIIIj711(,l1'\'1751i1n~t'll 11 :1\'l • hl'I'I1 (llsti'ihtltt'.(l 111111 l'li't'Lrtl-
furllsr(1 Ill 1IILl1' { els, 115111 the I'ili'l'It' I''It'I' (tI111,lIlllll('S M tall ,j 5 . OIIC Ilt tilt' gt' IS . st ;Iiiit'tl
with l)I'IInu1j,lirntll hltlt. (Firs.. . I), shit\\•, ,t'\ •rrtl haacl5 ()f whirl) f(il' ;list appeal . ill
tilt. tril'Idurnntrtie acid-Iixt'd Tllc rr,rres1'tnltlirlg builds, rluu'ke(l I, 11, 111 and
I\', hnve ht'ctl sliced fl" IM the trirhll,rr)nretir nrid-fixed gels, j)unlt'(l anal daasvhtttd .
Uatlsv1 anlinu trills iutIlld in tilt' utht'l • r .\tl'art of tilt' Ilvdl'()1\vatt' :n-t1 emit\ idrntiliutl
(I'i ,) in' I-,'lliptrisuli with the test san11)Ie (Fig. ;j ; ; j)heltYlaLulitlt' is tilt. satin X-

tcrnlinal rt'sidnr, \' ;IIillt' being tilt' nt'xt inll)[trtant rcsidac . Sinrt-' nn1\ \-tt'rnlin :ll
;u'gininc anti histiclint. ;ire tl' ht' tNju •rtt'd ill the :ulacnttS j)II tsc", this I)lutse is ustlall 'v
left nsidt' fill' hill cvt'tltual r()tltrld, It ran ha cr,tlclttclt'(I ruin those I'a5tilts that Um (Ill[? ,
hands arc (.let •i \•e (l h •( nrl S-5ull)ln,h'\'j,sinn~en :uld stl'irtlit • sjn;lking are nut irlljnn'itit's .
tillt'Cjl `ti-still)I11 )t l •\'j)siilugl'll I, [lilt a, IIt,I11I\yCitt'IILIS a, . that rl'1u)I'tt'(l ball- the h(vitic
1.11z\-111C. t'heel) 11~j),inl,,qun itself, \\•h ell sill )III itted to elecLnfncusin~ ;It PH j-lu,
gives tine nlajur and (1st' mints' han(I . i'h' the ahn\'c 1)rucedurt', 1)ht II IaLuline and
vttlint' Call lie (':Lily idt'utilietl as N-terminal rt'sjtlut'S [If tilt' t\t •t ' hnn(15 (]"ill .
111 j)1L1'11t.'Lllhl', 1111 isuht'll('ir1C is dett'tU'd, \\•I liCh tlltatls tll ;lt 1LCtl\'attull into trypsill
Claus nut uccttl' clueing clcctrnj)hure5i5 .

1 .(Yn'nur„lnur . h, hu-l) IIe .: .,n,
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„1' shuts l11•.-din-,•d by a trsf nlistar•r• ul',lansyl amine mA.I. chr"nnat .~ rallhr, I
nn a thin Ins'or,Iff Iu,Irnnlitlo a.tII ;t tho(-,,n0iIi,)Its .Io .cri .41 in Fig . ; (III,nnt. I" ua III'taeh1I hint .

I , ,( intcthyhuItIIt, IIaI,htnlrm-g- .uI III InnIyl .

11)

Fig .I . •I ',y, : thin-l .ytr.chrnlnhtr,grnhh~ • of a tr .l. Ini .ctul'o „f tlaris l nminn nci,ls . Itnttunl : thin-
hiycr c.henuuitI .i4 •n l,hv (,I .Iansyl antirtn aci,l. uLLIino,l Ly Jnnsylntiuti of thf tW,1 lmlnl . Of .h,k •1 1
tI Itsinu„en ttl'let' duct •, f t.ca.iuri at PI I 7 . . .I,, : 'I'hc cr,uliition, are till• snntu u.s in Fig . - .

/ .
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K_tiulllhntr\ •l rsirliI"Ctl has boon rhnsclI as nn t • . ;tlnlll(-Ill t llic 111c •t llu(I is 1)1' ,'1 '1 It 'I - ;] I

ttso . It run l,t • ;t}I}llio(1 tit Ii:uals nhLli11ocl I1\' I?m\'ontitlnnl olic-tiullhnirsis :rlIll tll in-
runllllch'I,V Ilnr'ilio(1 Ill'ntrins III' Whit - 11 nnl\' :1 Small utnlillnt is :Ivnilnllll' . •f lit • 111111 nlflm
;Ilnutlnt'it }II •ntoin (lo}u •n (ls nn Cash },ul'tirul :lt' rasC . In ()Ill' oxlu •rirnrl •, it is 1)1' t1(• nrtlc •r
III'

	

uu /1}; . 'I'ht'nrrtirall\', tilt' ilit •l hnl rnrtl(I Ill • ;il\lilit •(1 to 111111 . 11 sinallri' Illl ;tlltitit'sI
shirt' (pill \' II. Small :IIicIIIIIt ill tht • It \'tll •n l\'s ;ltr is ITS( . (] IIIr ills iililli' ;1tjn11 . ( )tit' Illllst lu • : II'
ill mil1(1, Ici\vt •\ 't'r', that nttt •r tiniis

'

vIn.tinii, 1111 flails \ •I 11111111' -mill sln'Is :ilw ;t\ •s ;111}loar
I n t1ic tnllpanlill(- shoot ns ;I frlilt harkgrniln( .l .'I'hC itktti\'o 1111111ltmIrt. nt t1Ic Ilurk-
"rnitncl all (1 of the X-toi •n linal flails \ • I amine at'i(I nitrst Ill' stu'h thrtt flit' 1 :1ttor is ;lt
least Stl\ •t •i ll til1ICS IMnWC Illtiilst • tll ;til,lht, IRII •k;4rllltlltl splits . In fact., thIis ll ;t1'kL41 - 1'illlll
iullls tip itlcntifv tilt. starts ;111(1 ronclt'l's tho rllt'll1lMtugt':t})IIV f 1f the test Inixtul•e
unlit (t ss;lr'\' .

'I it' tilllt • nI I11'tlrnl\'sls is iliipiirt ;tllt . 10 is AN II I . .\If( ) 1'I•a >ICI' 1't •I •u n1111t •n tl Iti If

IT
\ •I h'nI\ •s is when flails ,'I \ • ; flint nr (lansyl isnlolri it art. involvi . i . In Irl•a rti(•r , \\I • iiiakr

twri so}I;hilt I1YclrnlYsts, cltlrinri 4 :11111 IS II, I"SIitrti\ •1 •I /', :nut 1 . 1111 Ill-,- two) Samples
st •I Kti' ;Itt'I\' . \\'llt •i i tl'\'llslllli,t •i l is il1Pr1l\ •t 'Il, tht . • (Lulls\'I \ •a llot • Split is 111x11 I1UII'r III-
tt •lisr aftot' is Ii IIV(liilI\ :sis, \\'hilt' Clans vI }Iholi\'Ialanila is alnul :t III, , snnlo in Until
Ii\'lllnl\'satt,s . In r :lst •s \\'ht •n Wlns\'I IIi'nlinc is Ilrt •sorlt, Ill(' -1 II li}',Irnl s:ur is 1' : : -11-

t1 :11, shirt- clans \ . I Ilrnlint • is alnlctst rnulluIt'tol .' th •s tt'nt, • • • _ I aftol' Iti 11 .
In nor Iruttls, tit. \\'linlt • },rnrt •r lnl•I • t ;1kt •s , (I 1)'s, '[*If .- ti :it .'-Iiinitillg stall is

olinlin :Itinn (If tt'irlllnr'nnc •o tir ;il •i cl nn(I c;nricr ;linllhcilitt •s 11S •( lial\' :iS.'I'\\ •n -clinlc •rlsinrl ;iI
rllrnnlntl ;~rnllh~ n11 n thin la , •t •i c11' pill )'anliclo, Ilcrl'nrnv.' ;1 nn \'t •r v Small shoots, is
Itarti . -Illat'I\' tlilick ;ill(] r1111\'t •I llt'Ilt • [1w ('11111}tlt •I t' 1'1111 Ill tilt' t\\ •n snl' •, 'Ilts takes abillit
.}n 111111 . : iit.9 •rssal'\ • ii iuuilit it iii is lit I Ill ;ttft • a \ •c r\ • slllall slim (chi1111Irtor alltllit I tiilii
;111(1 lint to Iw( .iI :icl thl- ht ui' : an nTill nut of 11tH ttt I I 1 nLt lit tlarls\ •I alma' acid is

suitnhlo . I)n1s\'l li\'(lruxifIf null (In its \ •1 a11itlo (I1) not iiltt'I'for, • with Till- 1 . Illnnl ;ttn-
gr' ;Il)llit • }li'urotlltrc nntl nlllnstr as clistilirt glints .

:\eKNCI\\'I,I •: Irt ;l •: \1P.N I's

I'll, torhnirnl ;"':'It ulro ul' Miss l'It :\Ni .\i . ('uvr't'I : anti \Ir, •I P:nN 1'\'It :\Itn L;
gr:It'I'IiII\- ac•k ililwktl ocl, This \viii'k \\ • : 1S litlo ;l hY a gt:ult frnnl tllo Pnn(ls do In kc-
cholrho fnnthtnll'ntalo rnllrrtivr, rri •( lit Ill)- 78()-

I' . \\'lalr,l .i •: \ • . S , 1 .
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