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ElkLxs JULR\AL 2,259-263 (1959)

Paper Electrophoresis and Detection on
Paper of Glutamyl Polypeptide

Dell"71ment of Bnctei'io!ogj, , 05aktt Uni, ,r3i!I, ,Medical School
and

D elf^,!, nen! o1 Inn, lit"o10gy, Re, earc/I litJtittt, e for Microbia!
Disease, , Osaka Uni, erritj, , Osaka

SUMl\{ARY

A 11c\v clcicctioiT niuihod 101 glutamyl polypcptidc o1t nancr is described. By naper
electrophorcsis and this detectioit method, glutamy1 I, o1ypcpiidc was clistinctly separated from
litoicin and polysacchariclc and easily detected on naper

MiTsuo TORII

INTROl)UCTIOl\;

Glum, nyl p, Iypcptidc (GPF) Mus first found by T. inchk and SanngotL (1933)
as a capsulai. material or B, innii. \ trillhin, .I\. and Iatci' it \\, as also found in other
species or thc genus Bari11!1.1 <1vAnovics, 1937). This substance, which is a high
in o1ccular polypcptidc linked by Ihc y-peptide bond of glutamic acid, has been
noted by many \\, orkcrs because or its extraordinary structure and physiological
behavior. So, a numbei' or chemical, blochcmical and microbiological in VCstiga-
lions have been madc o1t it (Bovarnick, 1942; Hanby and 1<ydon, 1946; Watson
of a1. , 1947; \\'aley, 1955; Thoi. nc, 1956; Tomcsik, 1956; Z\\. artouw and Sinit11, 1956;
Volcani and Margalith, 1957; Bruckncr d itI. , 1958; Chibnall at at. , 1958). In this
laboratory, GPP has been studied \\, ith re, ,ard to the deftnce incchanisms of
animals against B. d!!!friariJ (Torii, 1955, 1956, 1959a, 1959b; Am ano ,/ rt1. , 1958;
Utsumi at n/.. 1959a, 1959b).

In tllis report, a method of scpai. atioiT and detection of this substancc I)y
paper electrophoresis and precipitation by cupric sulfate is reportcd.

(Recei, c, ! 101 pubtic"!jolt, Decembei' 15, 1959. )

I. A1ttt, rink

Glutainyl polypcptidcs Liscd were samples I, roduccd by B. arithracir "Vollum", B. ?neg"-
tell"ni "A5" and B. tublil^\. B. nitthraci5 and B. megaterimii were kindly furnished I, y Prol
I. Tomcsik o1 Uni\'CTSity of Basel. They were grown and GPP was isolated as described in
the previous paper (Torii, 1955). GPF of B. fitbtitis was kindly provided by Dr. M.
EQ\ amick of New York State Uni\ CTSity

2. Pape r electrophoreJ!$

Toyo filler nancr No. 51 (2 x +O cm) was Lised. NII5 sodiuni acetate or M/10 acetic

A1ATERIALS AND METHOD
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acid-sodium acetate solution (pH 5.8) were used as the solvents. Samples dissolved in the
buffer were pipetted onto filter paper previouly moistened with the same buffer. Electro-
phoresis was carried out for. 2 or 3 hours at 500 volts

RESULTS

Paper electrophoresis of GPP had been formerly carried out by Strange and
Harkness (1953) and Nordberg and Thorse11 (1955). As GPP is a polyanionic
compound, the electrophoretic technique is a convenient method for' separation of
GPP from other neutral or basic materials. Therefore, this technique was also
used in the present experiments.

For detection of GPF, the above authors used dyes. Rydon and Smith (1952)
reported another method for. detection of GPF on paper, involving exposurc of
the paper sti. IIJ to chlorine gas and spiaying it with potassium iodide-starch solu-
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Fig. I. Paper electrophoretic diagrams of GPP, and GPF mixed with protein or with
polysaccharide.

A, GPP of B. ,", h, a, i, , B. mega, eri"in or B. s"bilk 200pg (C"Sol-K. ,Fe(CNjn method)
B . Egg albumi" 200, g Ibromphe"o1 bl"e siCi"i"gj
C, GPP of B. megaferi"in 2001, g+. gg o1b"ini" 2001, g 1050j-K, Fe!CNj, ; mathodj
D , GPP of B. mega, erium 2001!+egg albumin 2001, g (bromphenol blue staining)
E , GPP of B. cod^^is+polysac. harid. of B. anth, nets ICUSOj-KtFe ICN)n methodi
F : GPP of B. subtilis+polysaccharide of B. arithrocis jin on iodine atmosphere for

defection of polysaccharide IGreenway at o1. , 1953/1
a GPP of B. ,"billi, +sol, b1. $1. reh (CUSO, -KjF. (CN)11 methodj
H: GPF of B. subtilis+soluble starch jin on iodine atmospherej

M/10 acetic acid-sodium acetate buffer, pH 5.8A. D

E. H , M/15 Sodium acetate solution
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DETECTION OF GLUTAMYl, POLYPEPTIDE O\ PAPER

tion. But these procedures for. its detection are troublesom d h I
develop are not so stable. The method for the detection I GPP d "b
gives \, ery stable color. and the procedure is SIm Ier.
I. Golui' dai, e!onin, 111

After electrophoresis, the paper strips were di. led and di d ' I f
2 per cent cupric stillate for' 3 minutes. TheIT the SITi s \. er th hl I d
\\'Ith \\atei' to I'emovc excess cupi'IC sulfate and dip ed into 5 t
for rocyanidc. A brownish-red color appeared in the are t, ' ' a h GP .
T!lrce minutes later, the I, apers \\, cre washed and clried. Th I t bl
ovei. several months. Although the minimum detectable amou I I GPF 10
Ag, a good I'esult \\'as obtained \\, ith 11.0m 50 to 100 ,,. \\IT l , I '.
of thc samplc \\. as applied, a 11, ,ht blue color was obscived arte . , I ' , I
willl water, evcn without dipping it into potassium letroc anIde. The it I
clcctrophoicsis or GPP, and of GPF mixed \\ illT rote' T ,' I I , "
ai. c summai. Ized in Flu. I.

2. Colli7iid/ion of Ih, In',.,, life ,/ GPF ill Ihe (010)~ed (1)td

To asceitain the cxistcnce or GPP, the corres onding a. I I h . ..
\\'as cut out and elated \\, it Il physiological saline. when this IU I \ dd d
an anti GPP sei. urn, obtainecl from a rabbit jinmuniz d ,'th , I d
runhititi. I <. 1sumi ,/ d1.1959b), a serolo!Tical specific reci italloii \\, ob erv d.
Further, thc cluatc \\'as Ilydrolysed with 6 N I}ydrochloric acid 10 ' 6 h , 100'
C, and the hydrolysatc \\, as tested by paper chi. Qinato. I' I . Gl , ' I ,
silo\\, n to be the sole substance prescnt.
3. GII, 1111r(!I bd, ~kgioii"of ,/ Ih, Ifd, ~/io!!

The mechanism or the I. eaction was first su OScd as roll : I I
of GPP I'cacts witl} potassium ferrocyanide resultinrr in the I . t' f ' I
copper ferrocyanide and soluble IJotassium polyglutamate. The Iatie ' ' ' I d
h'Din the papei'. Ho\\ever a test tube experiment sho\ved an unex t d ' I .
The CDPpei' salt derivcd fi'om 2 ing or GPP of B. Ii!,, trigJiiiiii , h hi
\\. ashed \\. Ith water by centrifu, ,allon and tieated with 2 in I of 5
slum rerrocyanidc solution. The resulting bro\\ nish-I'ed reci it at , h d
\\'ith \\. at CT by centrifugation and the material was h drol sed \ ,'th 6 , h d
chloric acid for. 6 hours at 100'C. After removal of excess of h d . ,, hl .'d ,
the residue was dissolved in water, neutralized with sodium h drox' I d d
\\, ith hydrogen sulfide to remove the coppei. . The co er free sol t'
centrated and tested by papei. chromatography. Glutamic acid \\ as found. Tl
blownish-red piecipitate obtained nom the cop er o1 Iutamat Td
ferrocyanide was somewhat soluble in \\, ater, \\, hile the same col red f .-
rocyanide was insoluble. So, this brownish-red preci it ate seemed t b
pie cupric ferrocyanide but a complex of copper polyglutamate and rerroc d
10n.
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DISCUSSION

Although the detection method described above showed as ITi IT ' ' '
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as that of the method of Rydon and Smith, there arc some problems to be taken
into account. Thus, it is unlikely that this color development is specific or
Substances \vhiclT produce insoluble precipitates with cupric ion \\, ill develop t e
same color. Further it must be remembered that certain buffer. solutions, contain-
intr an anion such as phosphate \\, hich is precipitable with cupric 10n, are unsuit-
able for. electrophoresis.

By the method described here, GPF denvcd from three species of gcnus Bartl/IIJ
sho\\, ed the same electrophoretic bcha\, 10r and were distinctly separated from prote-
in and polysaccharide.

MITSUO TORII
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