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According to the data reported in the literature, salts of antibiotics of the poly- 
myxin group are stable in weak acid and neutral solutions, but are inactivated in acid 
solutions and in particular in alkaline ones l--b. The study of the alkaline inactivation 
of the antibiotic polymyxin M has shown that in 0.1 N NH,,OH at 37” the antibiotic 
almost completely loses its antibacterial activity in three to five days097. The inactiva- 
tion is causecl by the change of the secondary structure of the molecule;by a partial 
rnremi7lfinn nC 1-11~ zaminn ?riiIc fnrminc fhP rn~l~rlll~ t-d nnlvmvwin M ap_cl, fi_~_~~~y by _..” ___I__ &Cur*_,-- __ “I__ b”l***-*v C.-*-l *“““.a~ Y**_ I**--YI...-” _* y-aJ” ‘J”’ *I -.a., 

intramolecular transfer of the amino acid acyl residue from the a-amino group to 
the y-amino group of a,y-DAB*, which takes place according to the following 
scliemeB-lO. 

(1) (II) (III) 

The possibility of such Na --f NY and vice versa N Y --) N a migrations occurring 
was later qualitatively demonstrated on model peptides 12. The problem confront- 
ing us was that of the quantitative estimation of the N” + NY migration. To solve it, 
one hacl to know the composition of the a-peptide of ac,y-DAB and of the y-peptide 
formed as a result of Na -> NY migration and the quantity of y-peptide and ac-peptide 
formed from it in the case of NY + Na migration. The simplest way to achieve this is 
by marking the free bc- or y-amino group of the a,y-DAB forming the peptide with, 
for example, a DNP-residue. Then the quantity of oc-peptide in the mixture may be 
easily determined from the percentage of y-DNP-DAB, while the quantity of y- 

Abbreviations: Pel = pelczrgonic acicl; c&y-DAB = a,y-diaminobutyric acid; DNI? = z,4- 
dinitrophenyl-: FDNP = r-fluoro-2,4-clinitrobcnzcnc; Gly-DAB = glycyl-cliaminobutyryl 
-~>,__> ___-- _.__ _~?_ _ . - A w-l 7-b * v-a 
u11rcwJp1pernz1rlc; uk~J3-.uk~D = 

_. _. _A%-¶ _,?,__A.--1--___f-_. rpL_ AL_?_-:-_.. T ?._ ly._:-l 
cc,y-UAJS uuceL"plperazlIuJ; LIIT = lAlrlx.Arlluc; LLLI = ILLlG1UL* 
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peptide may be determined from the amount of a-DNP-DAB obtained upon hydrol- 
ysis and separation of the DNP-isomers of a,y-DAB. The main difficulty consists in 
the separation of the a- and y-DNP-derivatives of a,y-DAB. There are only a few, 
not very effective, ways of separating the N-SNP- and y-DNP-isomers of a,y-DAB 
described in the literature 89 109 1% 14. The most complete separation was achieved by 
paper electroplzoresis at pH 9.1 (ref. 14). However, the analysis takes a long time 
I-- 1-i _-J ~-L7 JI, cLnCL rL‘IU”‘LS additional correction factors for L.1,5 -J----L:-- --_-“z-___ _E nx173 ,l_..:,.s. LllL -cLU3UI~LlUJl Ul .uLY.l--rA~llVtL- 
tives on the paper. In the present study we used an automatic amino acid analyzer 
for the separation of the oc- and y-DNP-isomersl”* lo. 

a- andy-peptides of a,y-DAB and polymy.xin M, after being sustained under con- 
ditions of inactivation of the antibiotic (0.1 N NH,OH, 37”, for four days), were sub- 
jected to dinitrophenylation in a bicarbonate buffer pH 9.5 according to methods 
described previously 17. The completeness of dinitrophenylation was checked by paper 
electrophoresis in the mixture : 85 Y. formic acid-glacial acetic acid-water (28 : 20: 52) 

(300 V, 2-3 11) 189 10. Then the DNP-peptides, without preliminary refining to prevent 
losses, were hydrolyzed by 6 N NC1 for 16 h at 106-108”, and after complete removal 
of HCl, studied with the “Hitachi” amino acid analyzer, ICI&A-2 type. The analysis 
was carried out on a 0.9 x 15 cm column filled with Amberlite CG-120, type III (400 
mesh). A 0.30 N Naf-citrate buffer with a pH of 5.28 & 0.02 was used as eluting 
buffer. The separation of a-DNP- and y-DNP-isomers of a,y-DAB is based on their 
differences in solubility and basicity. Fig. T depicts an elution curve for bc- and y-DNP- 
T)AR~ N.II-DA_B acd, N-H,. Tlw first nmlc Is i-,fia!: QC g-DNI>-Db__B (~06 mh + 2 m.in\. 
----’ “-‘I j. .____ _____ =-“-- \ _ _ _ __I__ -L ~ __ ----, , 

the final one (195 min & 3 min) is the peak of y-DNP-DAB. The whole analysis takes 
about 3.5 11. 

The clear-cut separation of the pairs cc-DNP-DAB and or.,y-DAB, and NW, andy- 
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Pig. I. The separation of the main amino acids a;ld their mono-DNP-derivatives with the XLA-2 
“‘I-Iitachi” nnalyzer on a column of 15 cm at a temperature of 50’ with 0.30 N Na*-citrate buffer, 
PI-I 5.28 & ‘0.02. 1 

-____ - 1 - -a_- - _ - 
= a-UNIJ-UAU; ii = a,?-DAB: iii = Iv’Ei,: IV = y-unrr-unu. 
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Fig. 2. The separation of the main amino acids and their mono-DNP-clcrivatives with the ICLA-z 
“Hitachi” analyzer on a column of 15 cm at a tcmpernture of so0 with 0.30 N Na+-citrate buffer. 

pH 5.28 4 0.02. I = Lysine; II = a-DNP-lysine; II1 = E-DNP-lysine. 
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Fig. 3. The separation of the main amino acids and their mono-D%%lerivatives with the I<LA-2 
“Hitachi” analyzer on a column of 15 cm at a tcnipcrature of so0 with 0.7 N Na+-citrate buffer, 
pH 5,28. I = Ornithinc: II = E-DNP-ornithine; I.11 = S-DNP-ornithine. 



64 
; ) 

A. B. SJLAEV, L. A. BARATOVA, G. S. KhTHUIWA 

TABLE I 

THE RESULTS OF THE QUhNTITATIVE r\NALYSIS OF DEDTIDES AND OF AN INACTIVE POLYMYSIN 1% 

15-cm column; tcmpcraturc so0 ; cluent 0.30 N Na+-citrate buffer: PI-I 5.25 f 0.02. 
Tllc analysis of the pcpticlcs was carricd out after their complete dinitrophcnylation iwxl acicl 
hydrolysis under standard conditions. The data prescntecl in the table arc given as the dcgrcc of 
l-\w.alrrln..tn e-.4 +ho nAT'D_nm;nn aoirla A,rw;na h.wlrr.lt,eic. ,u_T7hTT>_nAR im rln~Crntrnr1 4.n an nv+nn+ nf Y~~c*Iv.uv.*~L VL *1&b. -*.a. -CCI.*LI&” UYIU.3 uurzrrg ,‘JULVIyeYl.l. M-u*.* YILY &Y u’u*‘“_ybu cv CL&I U..bUII” “a 

16.6 o/o (0 N IiCl, 1G h, 1og-108~), y-DNP-DAB to an extent of 10.5 o/0 (according to data in the 
literaturel” IO-I I %). (a) Before keeping in a thermostat in 0.1 N NI-1,OFI; (b) after keeping in a 
thermostat in O,I N NI-I,OI-I for 4 clays at 37 rfr IO. 

I a-Pcl-DAB 0.95 56x5 0.65 39.3 0.07 4.2 5%5 
2 y-P&DAB 1.12 59.4 0.63 33.5 0.13 7.1 33.5 
3 a-Gly-DAB I:\ 

2.48 z-5 
1.05 - - - - 
0.39 11.7 0.43 13.1 76.S 

4 y-Gly-DAB 1.35 92.5 - - 0.12 s-0 - 
0.56 s1.7 0.07 9.9 0.06 So5 9.9 

5 Inactive DNP-poly- 
myxin M* 0.341 0.304 44.8 0.034 SO.2 

G Gly-D+B 0.58 :::: 0.19 S-9 1.43 6;:: - 

7 D<\B-D+B 0.25 14.’ o.GS 38.0 o.SG 47-9 - 

* In estimating we took into consideration cluantities of a-DNP- sncl y-DNP-DAB nncl an 
excess quantity of a,y-DAB as compared to the active DNP-polymyxin M (see text p. G5). 

DNP-DAB ensures a precise identification and a quantitative estimation according to 
the absorption at 570 rn,~. Under these conditions the micromolar absorption coeffi- 
cient (G) is equal to 6.6 for c+DNl?-DAB, 12.6 for y-DNP-DAB, and 13.1 for os,y- 
DAB It should be mentioned that under identical conditions a clear-cut scnara- - _--- e -.I- --- -- 
tion of a-DNP-lysine, s-DNP-lysine and lysine is also obtained (see Fig. 2). The sepa- 
ration of ornithine and its DNP-isomers is satisfactorily carried out in 0.7 IV Na+- 
citrate buffer pH 5.2s (see Fig. 3). Neutral amino acids and their DNP-derivatives as 
well as FDNB and dinitrophenol are eluted from the column in the first 50-65 min. 
Table I shows the results of the analysis of four synthetic peptides* and of two di- 
ketopiperazines of a,?-DAB and of an inactive DNP-polymyxin M. 

Table I illustrates that re-acylation occurs in cc- as well as in y-peptides of 
-.VY TT a,y_uA,B, mowever, N” + N r ~~- ?m--- ‘-Z migration goes on more extensively than NY + N”- 

migration, i.e. a shift towards the greater formation and preservation of the y- 
peptide is observed. In other words, under conditions of polymyxin M inactivation an 
equilibrium mixture is formed with 5s o/o of the y- and 36 o/o of the cc-peptide in the 
case of a- and y-Pel-DAB, and 7g o/o of the y- and IO o/o of the a-isomer in the case of 
bc- and y-Gly-DAB. This phenomenon may be explained by a lower b&city of the 
or-amino group of a,y-DAB as compared to that of the I’-amino group, as well as by a 
possible steric hindrance of the attack of the -C(O)NH(y) bond by an g-amino 
group. In addition, the degree of re-acylation also depends on the kind of acyl residue, 
Thus, for y-Pel-DAB N Y -+ N” migration is 33.5 Yo, whereas 
only 9.9 %. 

for y-Gly-DAl3 it is 

* The pcpticlcs were synthcsizecl b!* I<. PODUSI-II~A (CSSlX) and by one of our colleagucsl2. 
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It is noteworthy that in hydrolysstes of all the peptides and of an inactive 
DNP-polymyxin M, inactivated in 0.1 N NH,OH and processed by FDNB, it was 
possible to find from 4.2 to 13.1 Y. of free a,y-DAB upon acid hydrolysis. Control 
hydrolysates of ct-DNP-DAB, y-DNP-DAB and dinitrophcnylsted c?-Gly-DAB did 
not yield free a,y-DAB. However, in the hydrolysate of the DNP-peptide of y-Gly- 
DAB, S Y0 of free a,y-DAB was discovered. Its presence may be explained either by 

^__,__.I.__ __ ITT, I__ - A.,_ - __I_ ____ -1 _q-_-_._ __ _1!...1,. ~~ _I- _ the formation of an intermediate suustance (11) [see ~;ne scneme), uuring ainirropne- 
nylation, or simply by the breakdown of this peptide in the process of hydrolysis. 

The intermediate substance II, exposed to FDNB, upon hydrolysis yields 
neither G+ nor y-DNP-DAB, but only free cc,y-DAB. Therefore, according to the 
quantity of the latter it is possible to estimate quantitatively in the reaction mixture 
the amount of the intermediate substance II formed during the period of inactivation. 

The method for the quantitative estimation of a- and y-DNP-isomers of a,y- 
DAB suggested in this paper enables the complete amino acid composition of the 
DNP-derivatives of active and inactive polymyxin M to be determined and, on this 
basis, the quantitative estimation of the N” + NY migration in the antibiotic during 
its inactivation. It was found that active DNP-polymyxin M has the following 
proportions : Leu:Thr:a,y-DAB :y-DNP-DAB = 1.0: 2,7: 0.9: 4.9, respectively, 
which coincides with the data on its structure 2”~ sr* For an inactive polymyxin M 
the following proportion of amino acids was obtained : Leu : Thr : a,y-DAB : y-DNP- 
DAB : M-DNP-DAB = I : 2.5 : I .2 : 2.3 : 2.5, respectively. Thus, an inactivated anti- 
hin+ir RC wel,l 3”s 977 nrfivo nno rnnfqinc five 4&a qminn arnllnc nC N e>-nAR slnrl +ho 1-w “a-, _Y” ..“*a _Y-“*. ” v**y, vua..“t).lLY *I. ” *a.-” G*ra**r.v e-v”y.2 va L.w,~~““” UIIU CL&Y 

NU + NY migration taking place in it is 50 Y0 (see Table- I). It is also important that 
in the case of an inactivated DNP-polymyxin M one may observe the formation of a 
small excess (5 o/o) of free a,y-DAB as compared to the active antibiotic. In our 
opinion it would be wrong to think that only half of the y-amino groups took part in 
re-acylation. In this case N” + NY migration in these y-amino groups should have 
been TOO %. However, the experiment with the model peptide a-Pel-DAB-demon- 
strati;;k.i a 56.5 ah migration, whereas with a-Gly-DAB it was 76,s %. 

!:$.t is believed that under the conditions described all five free amino groups 
of the antibiotic take part in N” + NY migration. The per cent of re-acylation is an 
arithmetical mean.. 

Parallel to the change in the secondary structure and in optical activity, caused 
by the long-term effect of an alkali medium, the appearance of free a-amino groups 
of a,?-DAR and of an intermediate substance II in each molecule of polymyxin M 
causes a sharp change in its microbiological properties. This fact is worthy of further 
detailed study, 

It is of interest that this method also permitted a quantitative study of iso- 
merization of Gly-DfLB and DAB-DAB diketopiperazines, described previously12. 

It was shown that under conditionsof inactivation of polymyxin M, as a result of 
ammonolysis, 53 0~~ of a-DAB-pyrrolidone and 12 o/o of at-aminopyrrolidone are formed 
from DAB-DAB, whereas N” + NY migration does not take place in diltetopipera- 

zinc. Gly_D$B yields under these conditions 71 oh of ar-glycyl-pyrrolidone; only 8 Ok 

of the initial diketopiperazine remains. 
The quantitative study of N” 9 NY migration in different peptides of a,?-DAB 

is ‘being continued. 

J. Clwonzalog., 24 (IgC6) GI-67 
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CONCLUSIONS 

A rapid and convenient method of separation and quantitative estimation of ?C”h 
a- and o-DNP-derivatives of a,y-DAB, ornithine and lysine has been suggested, ::HW’fl 

A quantitative estimation of the N” s NY migration in four peptides of or,?- 
DAB has been carried out. 

The extent of migration in inactive polymyxin M has been determined. 
It was shown that in a- and y-DNP-isomers of N-Pel-DAB, under conditions of 

inactivation of polymyxin M, a unique mixture is formed which contains about 58 yO 
of the y- and 36 o/O of the a-isomer; in N-Gly-DAB peptides, under these conditions, 
the mixture formed has 79 y. of the y- and IO Oh of the a-isomer. 

SUMMARY I 

For a quantitative estimation of the value of Na s+ NY migration in inactive 
polymyxin M and in peptides of a,y-diaminobutyric acid (a,y-DAB) a rapid method 
of separation and quantitative determination of the a- and y-z,+dinitrophenyl- 
derivatives of a,y-DAB is suggested. Their breakdown during acid hydrolysis can be 
followed with an automatic amino acid analyzer (a Is-cm column, Amberlite CG-IZO; 
0.30 N Na+-citrate buffer, pII 5.28, 50”; 3.5 11). This method enables the cc- and CO-2,4- 
,1:,:&..#.,1..-.,..1 :r--s.r.7 ,c 1..,:mr. il ,..,:&I.;,, d.- 1-n cn-n..n+eA Ttrn -,+h,,l 1qe.e nlcrr Ul1l.l I,1 “pucuy1’13”1uI;13 “1 ly 3111c iii&J “IIIILIIUIG I.” IdI? ~GJ+laLtA~* J.1IF lllFLII”LL LLCLJ CUJ” 

been used to study the N” s NY migration in four peptides of a,y-DAB and in inac- 
tive polymyxin M. It is shown that in the a- and y-isomers of N-pelargonyl-DAB, 
under conditions for inactivation of polymyxin M, a unique mixture is formed, con- 
taining about 58 y. of the y- and 36 yO of the a-isomers; in peptides of N-glycyl-DAB, 
the mixture formed has 79 Y. of the y- and IO y. of the a-isomer. With polymyxin M 
N” + NY migration is 30 o/o, It is suggested that in polymyxin M all five y-amino 
groups take part in N” + NY migration. The quantitative aspect of the transformations 
of diketopiperazines of ar,y-DAB and of glycyl-DAB, occurring under conditions for 
inactivation of polymyxin, have also been studied. 
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