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BUMMARY

A quick and convenient method has heen devised for determining the N-ter-
minal residue of a protein fixed in polvacrylamicde gels. The method is o combination
of dsoclectrie focusing, eventually repliced by dise electrophoresis, dansylation of
protein without eluting from polyacryiamide gel, and identitfication of 1-dimethyl-
aminonaphthalene-s-sulphiony!l amino acids, after hyvdrolysis, by two-dimensional
thin-layer chromatography. It can be applied to an amount of protein of the order
of 200 g, incompletely purified, or to a mixture of proteins, when @ suitable system
of separation by clectrofocusing is available,

INTRODUCTION

In our sequence studices, we are often faced with the problem of determining
the N-terminal residue of o protein which appears to be chromatographically pure
but which gives several bands when it is submitted to clectrophoresis or clectro-
focusing in polyacryiamide gels: If performed directly on such material, N-terminal
amine-acid determination can give ambiguous results, especially if the protein has
two N-terminal residues, which is the case in several of the trypsinogens we have
studied.

- We have devised a method which enables us to check the purity of our protein
mutterial and at the same time to determine its N-terminal residue, The protein is
first submitted to clectrofocusing on polyacrylamide gel by the method of WrigLiy!
or to dise electrophorests in o 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.
Dansylation is performed without elution and 1-dimethylaminonaphthalenc-3-sul-
phonyl (dansyl) amino acids are identified alter hydrolysis by thin-layer chiromato-
graphy ot polyamide®, ' '

“This method has the advantage over previously described methods, involving
the dinitropheny! derivatives® or the phenylthiohydantoing?, being much more sen-
sitive and much less time-consuming. | '
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MATERIALRS AND MIEFIIODS

Isoclectric foensing

Tssentially, the plu:tnpn]\ merization method of Wirieniey! wiss usced tlnnu rhout
this study. Acrviumide, bis-acrvlamide, ampholine misxture (1K Produkter A5,
Stockholm-Fromma 1, Sweden) protein sample and riboflavine are mised together,
poured into columns of dimensions 0.5 =0 11 an and then photopolyvmerized. The
gol columns are placed in the clectrophoresis tank with o.2 9%, sulphuric acid in the
anadic compartment and 1% sodium hvdroxide in the cathodic compartiment, A
current of 2 maAfeel is run through the gels, After about 0.5 b, 1he potentinl reachies
3oo Vi the instrument is then set to constant voltage and the intensity auhwrlul ntly
decreases, The electrophoresis is stoppoed after 4 1

Staining and sticing the gels

All the extruded gels bhut one are tmmersad in 1o 9, trichloroacetic acid, The
amount of protein necessary to produce white precipitation bands depends on the
nicture of the proteing the lust goel is always stained with hromophenel blue, aceording
to Awpri®, without removing the carrvier ampholites. The corresponding bands from
sevaerad goels are slced with o razor blade, pooled, suspended in water in oo dialysis
biy, crushed between the lingers, diadyvzed against water and Ivophilyvaed,

N-Terminal amino-acid deferminalion

Dansyvlation is performed by the method of Gros AND LasotEssi® on the lyvo-
philyzed materiad, in the presence of acryvlamide, The Letter does not interlere with
the procedure and is remeved at a later stage. The conditions used for dansylation and
hydrolysis wre those deseribed by (rros AND LABoUEssED for ]nnlunw, uxcept that
wdelay of 2 b is introduced after precipitiction in trichloroacetic acid in order to Tacil-
itite sedimentation of acrvlamide, Also, before hydrolysis in 1 ml of 08 HCL, the
precipitate is Ivophijvzed 1o avoid excessive dilution of the acid used {or hydrolysis,

The hydrolysite is cooled in an dee bath which causes the acrylamide to pre-
cipitate. The liquid is pipetted off, evaporated to dryvness, dissolved in ©mlof water,
and extracted with 3 20 1 mlof ether, The water and the cthor phises are cviporated
and an aliquot of each phase is used for the identification of dansyl amino acids by
thin-layer chromatography:

Thiin-taver -chromatograpliy of dansyd amino acids by the method of Wouds and W aag®
_ The polvamide Tavers are from Chen Chin Trading Co, Taipei, Taiwan (poly-
wmide sheets from other origins have been tricd without success), The 15 < 15 em
sheets are cut into four smaller sheets of 6 >0 6 ¢m, not only for cennomy but alse
to save time, In fact, o caomplete run in the two solvents takes only about 4o min,
The evaporated cther or aqueous phase is dissolved in 2o gl of acetone-acetice acid
z2:1), and a very small drop is deposited with a pointless svringe needle (Henton,
Dickinson, Franee) in the corner of the 6 < O cm polyamide sheet, making o spot
of dicmeter not greater than 1omm, at 0.5 cm from each edge. The sheet is put into
acsmadljar containing a layver of wiater-g8 25 formic acid (100:1.35). When the solvent
reaches the upper edge, the sheet is removed, dried with o hair drver for a fow minutes,
then put in another jar containing bhuenzene-acetic acid (y:1), at aright-angle to the
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first direction. When the solvent reaches the apper eedge, the shoet s dried and visu-
alized 0 UV Hebhto A Chreommato-N e {Ulte-Viaolet Products Tnes, San Gabreiel, Calif,,
LS A is vers eonvenient for this prarpose, The luoreseent spots ave marked with
a pencil, since they beenme fainter after o few davs, The plates, illumineted in UV
light, can also he photographed with o eolour film throngh the speciad filter of the
Chromato-Vue, The damnsy amino-weid spaots are vers easiby identifiod by comparison
with a test misture containing about 1o ng of cach dansyl amine acild ran in the
sine solvents,

RESULTS ANDY DESUTSSION
Figs 1oand 2 ilustrate the results obtained by applying this method to sheep

S-sulphiotrypsinogen, Shoeep teypsinogen has two N-terminal residues, phenvlidanine
and valine™ When activited, it liberades two N-terminal peptides, o hexapeptide

. . o, B R ]
iz, o Flectrofocusing of 75000 of shieep S-xalphotecpsinogen in oo polvacevlonide gel cone
tuining carvivr souphatites ol pll 3 5, photopolsmerized witli ribotivvine in o cobimu of dimensions
w3 e bt ey Paration ol clectrofocnsing, 4 boat goo VGl stained with Deomoplienal Dilye,
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Fig, 20 Top: thin<aver chironiography of o test o mistare of dansyh nomioog acids an polyiomide
{shout ro ng of cacly, Bottoam: thin-laver chromantogrphy of syl siniog aciils obtained D
dhansyhittion of proteins precipitated in gels Dy wiehloroancetio aeid alter clectrofocasing, TUhe Taneds
Fo P VED sl IN o T, 1, Prons Telt to right, respectivels, live been sliced, Pirst ddimension:
witter a8, formic acid (too,33) (T el to rightt, Second dinension  henzene aoetic ineid
ey (From hottom Lo tap), : '

Vial-Asp-Asp-Asp-Asp-Lvs ud an octapeptide PhesPro-Vid-Asp-Asp-Asp-Asp-Tacs,
We have concluded that sheep trypsinogen is @ misture ol two molecules, ane be-
vinning with the sequence of the hesapeptide and the other beginning. with the se-
quence of the octapeptide, without presiming any adeditional ditferenees which
exist slong the chains, Any attempt to separite these two trepsinogens has failed,
hosweser, ' : : ‘

Sulphitolvsis i= reported by Prenfingg of of & s aomild treatment to break the
elisulphide bridaes and 1o oxidize exstinyl groups to S-sulphocystes] groups without
altering other rexidues, Sheep tevp=inogen has DBeen sulphitolvsed by the methiond of
Prenizri of ol ¥ and 3 mg of S-sulphotrypsinogen have heen distributed and eleetro-
focused in four gels, using the carvier ampholites at pl g 5.0 One of the gels, stained
with hromophenol blue (Figo 1), shows several hands of which Tour alse appear in
the trichloroacetic acid=-lised gels, TThe corresponding bands, maeked 1 UL TED and
PV, have been sliced from the trichiloroneetic neid-lixed gels, pooled and dansylated.,
Dansyl amino acids found in the cther extract of the hvdrolvsate are visily identitied
(IFig. 2) by comparison with the test sample (Figo 300 phenylalanine is the main N-
terminal residue, valine being the next important restduae. Since only N-terminild
arginine and histicdine are to be expected in the agueous phaset, this phase is usually
feft aside for an eventual control, Tt can he concluded from these results that the four
Dands wre doerived from S-sulphotrey psinogen and strictly speaking are not impurities.,
Sheep S-sulphotryvpsinogen is not as homogeneous as that reported for the bovine
cnzyie. Sheep trypsinogen itself, when submitted to celectrotocusing at pl 710,
wives one major and one minor band. By the above procedure, phenylalianine and
valine can be easily identified as N-terminal vesidues ol the two bands (Fig. 4).
In purticulaf, no isolencine is detected, swhich means that aetivation into trypsin
does not oceur during clectrophoresis, ‘
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Fig. g Llentiticiutinn of spols produced Dy a testamistore of dansybamino acids chronsitogeagphed
otk thin Tiver af polyamide wsing the conditinns lh--l bl i i, 2 hout v uy ol eacly, Dian
tadimethyluntnonaphtalone-g-sulphon sl

[P e Tope thinslayor Llnnm.llng.,r:lph\- ul o test misture of doaasel oo acids, PBottom thin-
Il}. e ehromatogeicphy of dansy? simine acids obtained by dansy I.H.um e the G bands ol sliven
LrspRinogen .l.tlvr cleetrafocusing AtE pllogen lhu c.:nmhlmns are the some as in Fig, 2,
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S-Sulphiotrypsinogen has been chosen s nnexample but the micthod §s of general
use. [tocan be applicd to hands obtained by conventional electrophoresis and to in-
completels purilied proteins ol which only o smadl amonnt i< avedlable, The minimam
nmotunt of protein depends oneach particubar case, In o experience, it is of thee order
of z2oo gz Thearetically, the method conld he applicd to mel smaller opimtities,
xince rml\ i smidl aliquot of the hydrolvsate s sed Tor identification. One must bear
in-mind, however, that after dansvlation, all dansy amino-neid spots alwiys appear
o the [Ni]\-llllltll‘ sheet as o faint baekground., The relative importance of the hiek-
ground and of the N-terminal danssd amino acied muast e suele thid the atter is oat
least several times more intense than the background spots, I faet, this background
holps Lo iduntif_\‘ Ahe spots and renders the el nn:tlu;.:mp]l_\‘ of the test mixture
HITNCCesSSary .

The time of hydrolysis is important, Gros aNp Lasovisset reeomimend 181
hadrelysis when dansyl vidine or dansylisoleucine saoe involved, noprictice, we make
two separate hivdrolyvses, during g and 18 Dy ovespecetivele, and run the two sanples
separitely, When trypsinogen is involved, the dinsyl valine <pot @ omucel more in-
tense after 18 e hvdreolysis, swhile dansyl phenyvlalanine is almost the sione in hoth
isadralysates, fn o cases when dansyl proline is present, the 3 b Tivdrolvsite ds ess -
tind, sinee dansyl proline is almost coompletels destrove:d after 18 by

e o hands, the swhiole procedure takes 205 dbevs, The timeae-limiting step s
climination of trichlorencotic acid and carrier nonphiolites Dy dindvsis, Two-dimensional
rhromatog |.1ph\ oo thin Taver of polvamide, paformed on vere small sheets, is
particuforly quick and conveniont, The complete ruan in Lhe two solvents takes abont
Jo min. A necessary condition is to minke aovery sl spot {diimeter abont oomng
and e to overload the Tirver: on amonut of about o nge of dansvl amine aeicl
suitnbhle, D=yl Tivdroxide and dansylamide do ot interfers witl the chiromato-
Lraphic procedure and appear as distinet spots, '
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