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l. During his visit to US microbiological facilities in October and November 
A l965 Dr Mikhail M Sheggyilcin, an active member 01‘ the Soviet Academy of (b)(1) 

Sciences and director of the Institute of Chemistry of Natural Compounds, (b)(3) 
Moscow, indicated his interest in the development of US mass. spectrometry . 

of natural products. He expressed a genuine surprise when he learned 
that even major US _microbiological_r_e_search- laboratories lacked mass Q? spectrometers‘, and boasted that his institute had four normal spectro-. M 
meters and one high resolution mass spectrometer. (The latter costs 

i 
about US$200,000.) . 

2. According to Shemyakin, his- institute is engaged among others, in the 
following research projects: 12.1 

a. Application of mass spectrometry to amino acid sequence 
analysis in polypeptides. ' 

.b. Classification of actinomyces using chemistry of the ce].l 
wall." ‘L ' 

c. Biological effects of_DNA and its breakdown products. 

d. Research on strept§t§cin. 1 _ . 

3. To underlinehis vivid interest in streptothricin, Shemyakin brought 
with him a hitherto unpublished paper written by Professor A S Khokhlov, 
deputy director, and his co-worker, Dr P D Reshetov, Institute of the 
Chemistry of Natural Products. Shemyakin stated that Khokhlov and 
his associates have been working on streptothricin, a highly toxic 
*-substance, for several years and that they needed US streptothricin "for 
comparison." 

1+. As is known, streptothricin was first reported by US investigators in 
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191:-O. After two years of research, streptothricin was declared nephro- 
toxic and it was agreed that further study would be useless. However, 
the researchers also found that many peptide-like antibiotics related 
to streptothricin have varied biological activities against both 
Gram-positive and Gram-negative bacteria, fungi and viruses. Since 
some US microbiologists felt that various members of the streptothricin 
family of antibiotics may be found non-toxic and may prove to be ' 

highly important antibiotics, research has not entirely been abandoned. 

Judging from private requests made by Soviet, Czechoslovak and Hungarian 
microbiologists visiting in the US during the past few years, there 
appears to be a concerted effort on the part of Sovbloc researchers 
to obtain samples of streptothricin from their US colleagues. US 
microbiologists recall that a Sovbloc visitor indicated his interest 
in streptothricin in connection with his research in the field of 
equine encephalitis. Several US researchers are convinced that the 
Soviet ahd satellite work on streptothricin has BU implications. 

Shemyakin's institute is not doing any work on ergot alkaloidps. However, 
a new research organization, the Institute of the Biochemistry and . 

Physiologr of Microorganisms, Soviet Academy of Sciences, now located 
at Ul Vavilova 18 ," Moscow, but scheduled to move into its own building 
in 1966, is conducting some work on ergot alkaloid production. The 
director of the new institute is Dr Nikolay 'Yerusalimskiy,, ,- a former 
deputy director of the Institute of Microbiology, Moscow. Ierusalemskiy's 
deputy is Dr Georgiy K S_1§r_yabin. i 

The work of the Institute of Chemistry of Natural Products is determined 
by the following criteria: , 

a. The -research problem has to be interesting from a biological 
point of view. 

- b. The problem has to be of chemical interest from the point - 

of view of chemistry of new products. 
c. 

' 

The problem has to have practical biological implications 
since funds allocated for fundamental research are limited. 

The institute's major efforts now center around natural product research 
for which more funds are available than for work on synthetic drugs. 

Shem'yakin's institute has only a small, insignificant project concerning 
Soviet "popular" medicinals, and as a rule, Soviet microbiologists have 
a low opinion of Chinese Communist research efforts in this field. 

One of the top priorities of Shemyakin's institute is research on interferon. 
Soviet researchers are of the opinion that interferon which has been 
investigated by several US scientists could be important in virology as 
an antiviraland, possibly an antitumor agent. Some Soviet scientists 
believe that interferon may be involved in the prevention of tumor. 
However, they admit that they have been hindered by assay problems. 
,Shemyakin requested several US researchers doing work on interferon to 
help his institute with the solution of the assay problem. 
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. Microorganisms producing; stroptothricin and related ~.
‘

~ 
I | -

‘ 

I antibiotics are irgrm widespread in nature. Substances be1ong- . 

' ing to this class are frequently encountered by all engaged in
' 

Qecreening tests for new antibiotics from actinomycetes. 

H 
' The high antibiotic activity of the streptothricins and 

'. 

'* 

E fltheir delayed toxicity which becomes apparent only on prolonged 
* - . 

- .'a.dministration have time and again attracted the attention of
' 

-'~'t_he" research workers to these compounds. Streptothricin - - 

1 | “ 
- _tho'parent compound of this group and its best known member was “ 

u 

discovered byac/Sc.Waksman and H.B.Woodrui’£ in 1942. Later a 
v~/D 

number of purified antibiotic preparations with pro- 
I '4 

ea» -‘ 
‘perties similar to the streptothcin was described. However _

* 

'v\ {'1 *- “A " ' 

- in the majority oi‘ oases theLa{$1’§e:§a‘Lc’onfined themselves only _

- 

' which they gave’ _new names '?usua1J.y on inlsufficientl‘ 
I ¢_ 4-.) 

' 

~e—.+,_,,,, _ , 
- 

_
, 

. 

g;ro1mds).En~=4%-eirietuuewof thisgg the present tl1n@streptothrioin I
. 

(,.0,4'-v» ‘Jwn ',,J0~4'f- ' 

_ _ 
_* . ~ 

'70 ms,‘ which ,however, as our - _lj 

'
i 

\4&'\\¢~ 1
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studios have shown)are without /f rational basis» 
' 

1
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The structure of streptothricin was established in 
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It is noteifwortlagy that stzeptomyeetes produce - strepto- ~ 

thriein free of other antibiotics of the same group; this _ 

greatly facilitates its isolation and purifieationf V 

'hvwu»/u-vi? a»-ween/>-~J»va 
t 

~ (flmoet were mad__e)aa_t41(t';l'1'e\- ._-%
& 

» _ ,.' 1‘ 

struetutes of etreptolin“m(H53.0a1'ter, E.E.van ‘I!-amelen);
" 

rcaeemomycin 0 (Sflakemuara), and partially of roseothrioin A 
'

I 

(gate etial ) and geonmyein (H¢Br0Dl:ma.nn)¢ However, our in- 

vestigations have ehovm,'b;Lt$§'eee structures -to-be either inao.-' . 

\
. 

out-ate, on (as in the ease oztf raeemomyein 0) lacking :3'i‘91sound, 

basis, Ellhiais p1‘O'b§l.'b1;7 due to the tact that the prepanations} 

studied were mixtures rather then individual compounds. . 

'

I 
, ‘ 

' 

It must be emphasized, that the isolation of individ.ual._
‘ 

‘ ‘ a/ -l~\'-~‘*- 

atreptothrieine from crude preparations was forxlong/a-very 

difficult task. All apreptothrieina azfe insoluble in nonpoler 

solvents (praotioal1y)the;y are soluble only in water), they 

are unstable in acid and alkaline solutions, and at elevated \ V _ 

. C4 

temperatutee_a1eow/%1€1§rjal medium; they display no characteristic 

‘bands in the UV-_-‘spectra and so on. We have found, that_di:fl‘fez.'en.t 

atreptotbzcieins, iwhen ohteined in ‘tJhne~individual state, are - 

almost indistinguishable from each other in many of their 
'pro- 

panties - for example, with the exception of only the most \ 

I - 

, , 

simple etreptothriein B‘, Le. streptghriom itself, they have - 
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the same IR -- spectrum. All this greatly limits the possibilit- 
_g'cez/ 1,45‘ 

_‘~“ 
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ies of/\ investigator 'ia- selectsag methods for fractionatingthe ~ 

v . 
__ \ 

streptothrioinso Preparative partition chromatography on ce'l--
' 

' lulose in ‘tutanol-pyridine-acetic acid-water (15a10a3a12) sol:-_ .'

" 
.'| 

tent system used, for instance ,in the separation of the compo- ', 

nents or racemomycin and antibiotic A-8265 proved to be very. ~ 

laborious and of little e££icienoy)and did not receive wide appli-no 

cation» Hence the first stage in our -investigations was the ’~ 

elaboration of methods for the isolation and purification of ' I 

individual streptothricims,’ on a preparative scaleo . 

' ’
~ 

- . The different basicities of streptothricin and streptolin
' 

led us to the assumption that, perhaps,the other streptothricins 

differ from each other in the number of free amino groups. -' 

On these grounds we believed ion-exchange chromatography might 
‘ :' 

thricin preparations. For rational selection of the fractions.- 
'“

. 

tion conditions we first determined the distribution coeffi-1 ; 
-

I 

cients (K) oi‘ one of our crude preparations-grisin (grisemin)»- '_ 

between the carboawlcontaining ion-exchange resins Amberlite 
-

\ 

IRO-50 and'carbox;vmeth;y'1ce1lu1ose (the sodium form) and soiu-
I 

tions oi’ sodium chloride and sodium acetate of various concentra-= 

tionso The optima1"K vaiues were round for adsorption of the" 1 

» . _ 
- . 

tions of sodium ohlorideo 
' 

.- 
1 - 

' 
'. 

See /7}; _ I - The analitical experiments (with a ‘column Oo9cm diameter ~

6 and 40 cm long) showed that under such conditions this method,' . 

‘
. 

was highly efficient. 1 
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_ \ By these means‘ all six antibiotics which were found to" -1' 

be-simn1taneousla§'present in_the mixturet could be reliably x 
. 

‘
. 

separated. 
_ 

I
‘ 

'“ Thus, ionéexhange chromatography on oarboxymethyloe1~ 
lulose in a sodium chloride concentration gradient formed the 
basis for a general scheme we developed for the isolation and 

of streptothricine; and in this way we were able-to 
overcome obstacles presented by the semilarity of the properties 
of these antibiotics. - 

V f 

The operations used in each stage of the purification are .

1 

given in the icllowing scheme, but some of them require explanaar . 

~
. 

‘

4 

1310110-' ' A J .', '" F ‘ 

.v:;‘i_~.e 
" 

Stage ‘in the '_i'so1atio'n and purification or individeal 
' 

i' 

etreptothricinsv?Y' ' 

A
I 

Principial stages in the Corresponding operations» = 

*purification process
_ 

l.§reliminary'purification . l¢Treatment with active charcoal 
1 . 

*

| 

or orude preparations J 2.Preparation of picrate and its‘ 
7

} 

' " ride . 
' ' 

_ 
‘pi, 

. 
, "k \2.Fractionation of crude l.Ion exnhange chromatography on‘ - 

preparations ' ‘ caoboxymethylcellulose 
U3¢Ieo1ation of individual ~ 1.Adsorption on Amberlite IRG-50 f 

streptothrioins from eluatos 29Desalting of ion exchange resin\~ 
’ 

_ 

' 

' 

. ~n3»Desorption and drying of anti~ 
L biotios ~

\ 

4.Further purification of l.Precipition as the piorate and 
obtained compounds I transformation into the hydro - 

‘ 
' 

- lohloride 
W 

i 

' ' 
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2.B‘ractional precipitation -
. 

3-Preparation of pure sulphates “W 

- and oxalates. 
- ‘After isolat:l.on. from culturgrf broth otreptothricin prepara- 

tions usually contain pigmented impurities and certain amounts 
of inorganic salts so that they must be subjected to a prelimina- 

1 ,
\ 

~ ry purification» 
' 

. . 
o

’ 

p 

_ 

The results of the chromatography of tour preparations -at 

X \ znycin -- 2 mg/ml, vpollymycin and antibiotic N! ll-714-12-1,5 mg/(ml) 

j .~',F‘_ I 
are given on the next slide, , 

u 

~ 

' 

c’ ' 

' 
- 4 Because the qualitative and quantitative composition of '-* 

_ 

the crude streptothricin mixtures depends onthe fermentation '. 

" conditions, the fractionation was sometimes repeated, as a rule 

_ 
using for the first fractionation maximal charges of columns, 

for example for polynwcin up%o 6' mg;/ml» V

’ 

The fractions were analysed by measuring the optical den- 
sity at 215 mjjgwhich is e. linear function of the concentration 

of the compounds. After fractionation the separated streptothri- 

cine were dissolved in 3-5 liters of 0.2-O.3 molar solutions of - 

sodium chloride,‘ i.e¢ the ratio byweight of antibiotic to so- 

‘, ing; were achieved by adsorption on the sodium forme of Amberlite 
. 1 . 

_ 
IRG-50. However the preparations obtained at this stage still 

contained small amounts of sodium chloride and traces of inac- 

» tivation products. who neutral sulphates and oxnlates of the 

_ 

I streptothricins were prepared by means or thorougmywaehed ' 
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finely ground (4-O0-600 mesh).,of.' anion-exchange resin Amber.-lite 
_’ 

IRA-400 in the appropriate (eu1phate'o:.~ oxalate) form}
' 

. 1 

A 

As a result 18 ohromatographically pure etreptothrieine. 
~" 

I 
‘

7 

belonging to an different types of compounds were obtained _' . 

.“ 

from five crude preparations -- polynwoin, phytobacteriomyoin, 

Japanese antibiotie racemomyoin, grieemin. and antibiotic V 

rac471n-:12. . 

- 

“ '

A 

' All compounds, ‘belonging to the series A to E have the 
- ’-

, 

same characteristic IR--spectrum with strongly marked amide 
' 

A
~ 

bondfii 325o,1e5a,1se3' we 11310 cm"1'¢ one m -8p@<=1mm of
4 

-—1-_¢_-v-

<

~

v 

etreptothrioine belonging to I5‘--type differs only by the a'°5°n°° H 

of absorption ‘bend in the 1563 cm"'1 _':egi0n¢' Table 1 85-V96 
331° 

opt:i.ce1'act1.vi.ty' [pg of the majority of the compounds 
obtained‘ " 

‘ 
_ 

' Tabla ll , 

'

_ 

I . 

Optical activity of etreptothricin. antibiotics _

' 

N a 
' of etreptothricin. hydrochlorides '

' 

offgmial Pm-‘ ' 
(0 0.9 in methanol) 

:> 1:1 o u :1 ‘he 

mmm -9.2 I-9.6+-8.6 -- 
_

W 

Phctobactez-1owv- " t=¢).c-151.8 -21-6 
. 

' If ‘ 

C-in ,' .- . 

- \ 

Grieemin ‘ 

- "21-0° 3) ‘"3507 

1 ti - 

' 
‘ 

'
' 

4‘*“§‘§;i3=°»v'i4~‘ia '~ ‘-12.2 -22.<> -36.6 -B4-1+ 

Streptothricin ' ~' 
. 

"42'° 
xx) 

.fltrepto1in 
V 

' ' 

' "22v° . 
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~---ac) These compounds were attained in small amounts arid their £11,, 

- weredetermined only approximately. 4 

= 

' 

. _ 

. V 

::x)Data from the literature. 
'

- 

. . 
, JLA 4-; 

- 

_ 

AI very important characteristic oi‘ ‘,;3‘b1‘6p1701?bJ.‘i0in compounds 

~ A is the number of free amino ‘groups in their molecules, which - 

V\ 

determines their basioity. 5.‘-e determinatilan gt the number of 
. free amino groups we made use of a method described in the li- 

' terature ‘based on the electrophoresis oi’ N--3,5-dinitrosulpho— ._

- 

_ 
phenyl derivatives (DIISP) of different degrees of substitution} 

The use of DNIBP--derivatives for this purpose has the advantage 
’ 

._ over that of IDNZP-derivatives in men solubility of the DNSP-de- 
4" ,;-\/au1,Q~J<vf-;/ -

' 

I 
_ 

nrivatiwes in aqueous electrolytesand in jump-'of 2 unites of
1 

charge for each substitution. Howeverjproliminzry experiments V 

revealed that the interaction o£ potassium ll-chJ.oro~3,5-dinitro~ 
' benzenesulphonate with amino groups in the presence of triethyle 

‘ amine was accompanied by partial inactivation of the strepto- 
‘

. 

thricins and led to extra spots on the electrophoregrams. In 

, 

‘ analysing; the electrophoregrams those extra spots could be 

. 
excluded ‘by comparing the mobility DNSP-derivatives oi -‘U-eg air - 

'

. 

\~ types of streptothricins with that oi their inactivation pro- 

n ducts -obtained by treating antibiotics with dilute mineral
v 

. &0id80 .

~ 

‘ >. 

/:2-$5‘ . It was therefore possible to interpret the elect:-ophoreg- 
' 

I 

. rams of DNSP-derivativesof streptothricins as follows. The 

; 

' streptothrioing with two free amino groups (streptothricin F) 

can, however, take up three equivalents of acid. Therefore its . 

DNSP-derivatives on electrophoresis in acid electrolytes must
“ 

| ,
.

1

I 
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have charges of +1; and --1 rather then 0 and --2. And. in feet I’ '

p 

‘
\ 

these derivatives are reeclily noticeable an two intensely 

coloured. spots, simmotrioelly situated on both aides of the 

uh -

~ 

eero-- e, ~ 
» . 

These oonelueione were oztf essential importance in analyzing 
pi‘ the eleotrophoregrmms en? ID*JSP#~derlvetives oi‘ the other anti-.

' 

umb 1010171089 In this way it ‘became possible to determine the n er 

of free enine ‘groups and the bueieity of all six types of repto 

thrieine ( see ‘liable 2)’ 
‘ 

e '. ¢ 

. 

_ Table 2. 

Electrophoresis of DNSB~derivatives oi? Streptothrieine I

= 
'I.‘;rpe "of : 

DNSB-derivatives of the strcptothri--zfiumber .Besicit3 
stropto- tin‘ charges end. location of the let-:of emin_o:o£ strep 
thzrioin 2 ter on the eleetrophoregrems ugroups :g§>;1;ri-- 

~ s s 
"' 

. 

' 
‘ 

- 7- 

“ 

>1 

e
_

. 

D 

4-’ 

~*~> 

-9-‘V-_Q.__.r._.

, 

j-I

-

1 ‘*5

1 
i
‘ 

w~ 

av
~

+ 
2 n 

o 2- ~62» 
3‘ |*'4"“. 

D 7+3» +1 4- - "5 ' 

eh+1+,-+2 -e.~---4» 5~ t6.‘ 
_-0-5 -+3 +@1'|'*Q-1- '%‘(f'3 '3}-5 

, 
A \ = 5 

, 
~7 

eg+a"'~<-(A-1+ fie pm <{-;-a1+(_-1+h ‘-e 
I 

p 

' 

7 18

- 

, 

' Determination of the baeioity permitteign more fletailed. . . 

characteristic of the predlominent components in the crude pre-» 

pa;(,‘a'biQnfl.ThQ very hggeoaseopio amorphous hydroehloridee of 

these compounds were trans-"formed into neutral sulphates and 
I 9 

oxalatee ‘by means of the eppropriete torn o£ the anion-ex--_.‘.- 
‘ .. ' 

'
I 

' 

' ‘ .'| 
_ 

., . 
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change resic Ambesiigfi IRA~4QO. Being somewhat 
lees hygroscopic .F 

these eelte still oyafgtaine polar solvents, which vconeiderdbly 2* 

effects one ana1ybioal~data. Drying at elevated temperatures Q i 

(about BOQ-100°) of the eeroptothricin salts (expecielly of the 5? 
'

.

\

\
I 

sulphates) is excluded because of their instability.
’ 

. ~
‘

~ 

who equivalent weights of many etroptothrioine were deter» -g 
1 » 

mined.by oxidimetric titration of oxalic acid, 

precipitated an the calcium salt. Qho results then Lion alloweo 
h'\ 

us to determine the molecular weights and empirical formulae of 
. . , . 

e number of antibiotics (see Qable 3) 
, \ . 

\ .

V

U 

Table Q4. o 

_ 

Some firopertioa of the streptothricinsv Y
’ 

Antibiot1ce:Me1ting-points °o : Molecular ammpirical £on~' 
' :(with decomposition): woighte ofzmulae of the - 

| : : oxalates :strcptothr1cin 
I

I .3. a 
' ’

' 

000000 

010000 

goxalatea 

\ . . . I

‘ 

- . \ , . . 

' ¢ 

' - 

Phytobactc~, - 

‘ 
- ~" 

riomwcin F 178,5—180 - 

Antibiotic. - 7 ' 

WA-714--12 1? » c179-.-1&1; ~ 

. .
i 

Grisemin F 179-l8l»~ *;{‘<- J.<» 

Phytdbacte~_: . 

- '"vv1
. 

riomcin D 184—186 
I 

21%-215 
>.- , . _ 

., ,‘\ 

Grisemin D '184~186 
\ 

’

‘ 

E] _ b t _ . 

_ 

. . 

riomgcig 8 183|5~185 2l5~217 
I"%"~<> cin B 

' 

21e~2,17 

Folqynvcin A 216,5
‘ 

. 1 
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Qualitative deterination of the components in the hydro- 

lyzatcs (6n~HG1,105°r 1°,24h§q9 of representatives of the six 

‘ 
.4 

II 
, 

. " .-‘

4 
\-

0 

4',

1
5 

types of streptothricins was carried out\by radial chromatography Q 

in four solvent systoms:l)hntanol-formic acid~wster (75:15:10); 

2)butanol-acetic acid~water (101214); 3)butanol~pyridine-acete 

ic aoidpwator (l5a10;3zl2); 4)methyllethyirketone~propionic 

acidpwater (30:10:12). Four ninEhydrin-positive compounds were 

found in the hydrolyzates of all six antibiotics. These"com» 

pounds (in the order of increasing taliues of Rf) were identi£i~ 

ed as stroptolydin, L-B~1ysin,_hexoseamin.(probably,¢1-D-gulose~ 

amine) and 1,6-unhydrohoxosoamine by comparison.with the hydro- 

lyzate of streptothricin and with authentic samples of L-B—lysin 

and streptolydflo, as well as by characteristic colour reactions 

(Elson»Morgsn, Weber and others). In the light of these data 

yand the different basicity of the sixztypes of streptothricins 

the only reasonable explanation of these observations is_that» 

different antibiotics have different ratiofof residues of these 

compounds in the molecules. To‘be more exact the stroptothricins 

may differ, for example, in the number of diamine acid residues 

as in streptothricin with one I~B~1ysine residue and streptolin, 

which according to American investigators contains two residues 

of this acid. -

‘ 

- We deterined the ratio of amino acid and carbohydrate
H 

residues in different streptothricins by the automatic amino 
'

1 

acid analyser according to a similar to the method, described 

by Kominz for the analysis of complexrmixtures of ninhydrin» I . 

positive compounds, including amino sugars. Preliminarikn 

streptolydinsjI»B~lysine and 1,6 ~ anhydrohexoseamine were m__
I

1 
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isolated as the hydrochlorides from a hydrclyzate of ph;9'I:o- .

- 

bacteriomyoin by partition chpotzatograpluy on c".-"._..1;_ ..I="I3;,=.'0ell{1~ 

lose in system I. Analysis of the fracticcs was performed by ‘

. 

horizontal pepern chromatography in systemvtwc at elevated tem-' 

perature. The compounds obtained were chamcterized by comparison 
with authentic samples and by colour reactione. The calibration I

~ 

. ; < 

of chromatographic column. by moons of reference eubetenoee is
' 

shown on slide 8. Analytical data for the hydrclyzates of the six" 
- _ - 

- I . 

etreptothricine are given on .elic1c 9. 
' I '1 

‘ 

I i 
I 

Y . 

‘ The amino acid and carbohydrate composition cailoulated for 

Fl

@ 

F1

. 

1'1 {-1

E 

Fl *4 
an 

goon 

'7'

.

I

U Q 

I? F9 

R5 

Q

' 

-P 9

. 

‘I 

KUU 

25- 
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'3 

these six antibiotics are given. in Table 4-. 
_’

| 

. 
\M “, 

Compositions of sir: types o£"strcptcthricine 
' 

F I

) 

1 I 
_ 

. 

'
' 

0 
‘ I

I 

Numberfof residues p01‘ 1 mo]. of st:r'eptothricin' '0 

O88 

Cleavage pro- 
ducts '

' 

I

' 

11: x II
3H 3-I Z H HH CO H 

I98-Lwein " =1,o 1 §a,o 2 =3,o 3 =4,o 4= 5,0 *5§s,o- 6*? 
I K 8 S S 

Quaint 

0000000008 

Pl

.

. 

-

,

. 

\D

f 

Q

. 

nnoocqccnnno 

I-3

. 

C 

-. 

\.Om 
IQfl'.QH" 

N
,

\ c~'uncoo0o 

' 

1:5"--::.o~¢ 

'62:? 

1"r;'n"a.~;-.-::-:~é- 

. . 
, ¢

' 

. ‘ 
1 

Q. 

Streptolvdin‘ 10,63 '1' :O,83el :0986-1 :1.,05 1:O,87_ 4l:1,07 1_ ¢ 
_;_ . » I I 

‘ 

. ,; 2 
' 

j I: s 
' 

: : 
' 

_ 

: .=-. 

Total sugars- 10,415 1 =o,4e3 1=o;51e 1=o,5e§§=o,e13 1=o,eao'iIe 
' 

I ‘ 8 I 8 2 '8 

Total sugars ‘:o,ee - =o,5e 10,60 =o,55 =o,7o -:o,e3'
3 

iidine reciciuéa
' 

l-6-JLnhydro- ' 

hexoeamine 
‘ 

-. ‘.5 

(per hexos- 
amine x'esidue)l 2,11 1,96 ,O8 ‘;. 
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I -ExpcrimentalYof residues 
II-Rounded 913’/number = 
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._ As a result of these investigations the part of hexosamine 
transformed by hydrolysis into the anh;§rdro~ derivative was de<-l *

F 

termined. The constant value of this part for all the antibiot--' 3} 

ice investigated by us testifies to a certain extent tolthe 
l 

'_ 

identical nature of the amino sugar in these cozfiponents, 
‘ 

‘ 

_

1 

I . 

It is seen from {fable 1+, that all the streptothricins in ..».¢-.v—_--5 

question gave practically the same ratio (0,6) of hexosamine ~ 

and streptolidine residues, which is evidence of a constant " 
‘ 

f 

3" 

(circa 55%) yield of amno sugars the hydrolysis of each '7'!
1 

, ",| 
'

a 

antibiotic, Since in the hydr~oJ.ysis of streptothricin, which 
. J 

contains one mole oi? amino sugazc the yield is the some (about
\ 

.<L»-sew 
. 

l " 3* 
51!-%)f it has have concludecl that the antibiotics all contained

\ 

one hexosamine residue per mole. . 

_ 

' 

'
' 

The composition of the six types of strpptothricins given
~ 

in Table 1+ confirms the earlier deduced empirical £0:-mule. of ‘ 

“ii! 

_ 

* 1 - ‘ 

streptothricin and satisfactorily explains the monotonous aJ.-- ~' 

75 

tezcation in the iinoperties of the other antibiotics of this 
V

' 

. 3,‘ 

Q1301!-Po On the basis of these data wemaqr draw the conclusion that
1 

the ‘antibiotic streptoJ.in which according to its properties .

, 

d.!-ye‘,-.q_.~a_}?l|J~¢I5 

"1'!’->~"Hv—;p.'r»'..,,» 

p4,};- 

¢-@-:--

- 

_.“ 

\-

-

- 

tigatorsv and‘that' it should have the empirical formula 

0311I58N1201o rathen then ba§I'!46N1o09'.Hence the results obtained. 

residues} as had ‘been assumed by American and ,En;=;lish inves-»
_ 

and data from the literature concerning the scqunce of the
‘ 

» » 

moieties of the st:-eptothricins led us to the conclusiorrthat ~‘ 

| . . . 

‘ 
. ~

- 
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the structure of all six types of etreptothricina may be ex-- , 

V 

pressed by the iollcwing general formula: - 

' ' 

_ 

F 11:1 
‘ \/ E 11:2 

Q . 

»\ 
,t gyéveenflg /, 

rvu 
"' 11=3. 

q4(0H_9:(H“/Hz .

\ 

_ 

Based on the chromatographic investigation of over twenty 

atreptothricin preparations and comparison of the results with. 

‘ 

reported data we concluded that all the described crude prepa- 

_ 

rations of.‘ streptothrioin antibiotics contain the six above-men». 
' tinned compounds in d:I.£'£erent proportions.‘ We propose to 

. 

c I1
- 3 

' name thtxeisix components; etreptothricin .t».,Streptothri.ci.n B,6, 

-ZD,E and F. Thus pleocidin (USA) and racemouqycin (Japan) consist“ 

_ 

of etreptothricins D,E and 1?, geomycin (West G0r1nan;y')- of 13,0 ' 

-~. ‘ 

o and D, nurceothricin (East Germany) of 0 and, D, virothricin '- 

. _\ _ 

‘ 
_A 

an) 

_ 

t 

(East Germany) -- _o£ D and’13‘¢ " 

~ 
_ The qietribution of different etreptothricine innature is - 

\
, 

-

1 

given in wable 5. _- 
_ 

, \ '.!' \..'1.-'§~.l>.l-2..§.:.. 

Distribution of otreptothricins in nature 
_

‘ 

‘ 

' 

v 

V7 

. : :
- 

Types of strepto-»a Percentage of prepare-a Percentage of com- 
‘ 

thricins based on: tions,containing more : ponent in prepara- _ 

the Rf values z then 7% of component : tion 
_

~ .‘ ,. : 

.t A n 6 
* c0¢»¢.@@/*@*4@@e@/ZW” 

” 
O:

w 

Q 
A 1.3 

ZXIOIIXQ 
\ 

B 37
m 

0 ' 

. 53 
‘ 

: w 
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‘ D 3060 ‘ -_ 

IE6 
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:~:.i 

' 

10-1537 _‘ i§ 

' 15-50“) . - F . 

. , 

.

I 

1) Excopting polynzycin which contains about 40% of this component} 

2) Excepting; polvmycin and goomgyoin which contain -vdzgg-_e!a.~sn~ _
_ 

fa?’ 40% and 30% of this componnnt,'respective1y.< 
' 

\ 
1 

- *1 

3)§ixceptin4; pleocidin and racemonwcin which contain about 30% 
A

_ 

,. 

.-‘..~. 

.....- 

u, 

_ 

' 

‘ 

> _-\. . 

of component E _

" 

1+)St:.~eptothrioin‘ is 100% comjponent EM
' 

The question about the chemical nature of raoenomycin 0 Z

‘ 

'

- 

is not so clear, because aocox-ting; to published data it differs 

from other "streptothzcicins in containing instead of gulosamine} I 

glucosamine and also zrecemonic aldehyde. Professor ‘Baniyama '1 

Nagasaki iinivezvsity told. me during ‘visit to his 1abo:ca-- i 

tory, thatthe strain lost the ability to produce‘ this - 

compound, so zthat straighqgtozcward reinvestigation of its pro- 

. parties was not possible. It is not fully excluded, that racemo- I 

mycin 0 is‘ not an indialridual substance, but a mixture of 
' V i 

. 
1

' 

, Y 

- 
. -

_ 

streptothricins. 
' 

‘ 

- 

_ ' 

t 
.

f

I 

Special attention is merited by the antibiotic roseothricinf 

A, which we believe to be identical to streptothricin. Y! 

_ 
According to Japanese authors this antibiotic was separatedi 

from the accompanying; roeeothricins B and C by counter current 

distribution in the system n-butanol - 573 toluenesulphonie “acid. 

For long it was assumed to be an individual substancm (the empi--’ 

reical formula of roseothrioin A was determined as C38H651jl5Q16¢“
' 

6HG1. Its acid hydrolyzate contained streptolydin (which :.'e-
~ 
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oeived. the epccialf name roeeonim), L-B-1yein,.ho:eose1n:Lno
‘ 

(probably identical to D-guloeaminc) and =1 compound (identical.
' 

,
- 

. t . 

in its properties with R1-gue.nyl~etrcptol.ydyl gxllooeminide. .- .. » 

_. 

Based on the analytic‘ date. and potentiometric titrationwthixs
“ 

compound wee erroneously assigned the doubled. empiricalformula -." 

~O24_H44§\f1o()13.6HO1=20l2H22N506_7¢3HGl (compare with the 'fo:pmu1e ., 

c12n231<r5o7.3no1) and the zfollov/ingg structural-formula: 
_ 

, 

"

u 
- I ' 

. 
. 

_ 

-

‘ 

' 
\ . V I 

Q” :0” rm: ' 

~ 
, 

’ Q l 

: 

‘ 

v 
' ' 

. 

, _ 
. . 

‘ 

‘ ‘ 

‘
. 

- .. .,@__?' -~ 
1 
c-ow 1 Q 

' 

[on anon on c1I'c1~:~m1 / j%@ /2.".".""‘\N' " I, 
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