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ACRYLAMIDINE, AN ANTI-FUNGAL SUBSTANCE
PRODUCED BY A STREPTOMYCES
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Masa Hamada* and Hamao Umezawa
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(Received for publication May 13, 1968)

An antibiotic weakly active against Candida was isolated as a colorless
crystalline hydrochloride from a culture of a streptomyces which showed
some resemblances with Streptomyces eurythermits. This antibiotic was unstable
to acid and alkali, but was recovered in good yield by elution with 0.5M
ammonium chloride solution from the ion-exchange resin, Amberlite IRC-50
(Na+ type). It was determined to be acrylamidine by spectroscopic data,
degradation and direct comparison with a synthetic sample. The LD50 (mice)
of acrylamidine was 44 mg/kg intravenously.

In the course of screening studies for anti-Candida substances, a streptomyces,
designated strain No. D274-2 in the authors' laboratory, produced an antibiotic

weakly active against a limited number of fungi. The antibiotic was labile in acidic
and alkaline solutions, and was determined to be acrylamidine. In this report,
characteristics of the producing strain, the processes of production, isolation, and the
identification of the antibiotic are described.

Characters of the Strain No. D274-2

The strain was isolated from a soil sample collected at Izu, Shizuoka Prefecture.
Colonies on a synthetic agar plate were examined microscopically. Long flexuous

aerial mycelia develop from fine branched substrate mycelia. The surface of the
spore is smooth under electron miroscopy, as shown in Plate 1. As shown by the

characteristicson various media summarized in Tables 1 and 2, strain D274-2 belongs

to Streptomyces and to the chromogenic type. It forms no whorl but spirals. The
surfaceofthesporesis smooth. The growth on U1 , 1 A ., ,. , ,

^ & Plate1.Aerial mycelium of the
various media is pale yellow to brownish with strain No. D274-2 under electron

á"rV»^ t^ rrrov o^iol mvppit'nr^ Q^inKI^ Kv^.^v. tllicrOSCOpe.

pigment is formed in most of the media employed.

The proteolytic action is fairly strong and it
hydrolyzes starch. Among known species, Strepto-
myces eurythermus has many characteristics in
common with strain D274-2. However, several
differences are found between the strain D274-2
and S. eurythermus as shown in Table 3. Since

* Institute of Microbial Chemistry, Shinagawa-ku, Tokyo
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Table 1. Characters of strain D274-2 on various media (1)

G row th A erial m y celiu m     S olu ble pig m en t

G ly cerol n itrate ag ar colorless~ brow nish grayish w h ite- yellow ish brow n

green ish y ellow

n on e

black ish

n on e at fi rst, later
becom in g brow nish.

black

27 -C

G lu cose-a sparag in e ag ar

gray ^ brow n oliv e b lu ish g ra y
* (M u stard B row n 2pi) * (A q u a G ra y 19fe)

colorless brownish w h ite-
27 -C

Calcium m alate a srar

dark brow n

sprea ding deep in to

brow n ish gray
* ((R ose B eig e 4eg)
G ray (C ov ert G ray 2fe))

white~grayish w h ite-27-C the m ed ium ,
colorless~ pa le yellow

colorless

colorless- brow n ish

g ray

P epton e solu tion

(containing 1 .0 % ofN aN O 3) 27-C

S tarch ag ar
27-C

T y rosin e a gar
27-C

P otato p lug

w h ite

w h ite~ blu ish g ray ~ g ray

colorless or g ray ish ? th in , w h ite

colorless~ p ale y ellow a bu n dan t, pow dery , gray ish brow n

brow n

27-C

N utrient a gar

 27-C

'ligh t brow n g r a y i s h w hite

colorless w h ite
37-C colorless w h ite brow n ish

L oef fler 's serum
37-C

G elatin sta b
20 -C

Skimmed m ilk37 -C

colorless~ oliv e g ray w h ite brow n

colorless~ pale y ellow w h ite g reen ish dark brow n

colorless~ dark b row n w h ite brow n

* Color Harmony Manual. (Container Corporation of America).

T a b le  2 .  C h a r a c te r s  o f  str a in  D 2 7 4 -2  on
vari ous  m e d ia  (2 )

S o lu b iliza tio n  o f
C a - m a la te
N itr a t e  r e d u c tio n

(-)+ )  3  d a y s ,  str o n g

( - )

H y d r o ly sis  o f ( + )  5  d a y s ,  (+ )  1 0  d a y s ,
s ta r c h ( 4f )  1 4  d a y s

T y r o s in a s e
r e a c tio n
L iq u ef a c tio n  o f
g e la tin
M ilk

( 4Jf )  c h r om og e n ic

(+ )  3  d a y s ,  (-Hf)  2 2  d a y s

coagul.(-),  p ep to n .  ( + ) 5  d a y s

L iq u e fa c tio n  of
s er u m
C e llu lo s e

(- )

( - )

U t iliz a tion  o f
c a r b o h y d r a te s *

(-ff ) :  in o sito l,  la c to s e ,  m a n -
n ito l,  g ly c e r o l,  f ru c to s e ,
su c r o se

( + ) :  sta r c h ,  d e x tr in ,  r a ffi -  n o s e ,  r h a m n os e ,  g a la c -

t os e ,  g lu co s e ,  x y lo s e ,
m a lt o se ,  m a n n o s e

( + ) :  sa lic in
( + ) :  in u lin

{+): mui m(- ) :  so r b ito l,  d u lc ito l,  a r a -b in os e

Table 3. Differences between strain D274-2
and S. eurythermus

D 2 7 4 - 2 S . eu r y th e r m u s

S p ir a l + _ 7

H y d ro ly sis o f s ta r ch m e d iu m r a p id

A n tib iot ic su b sta n c e

U tiliz a tio n o f

c a rb o h y d r a te s

a r a b in o s e

a c ry la m id in e a n g o la m y c in

+

rh a m n o s e +

* Basal medium : Pridham-Gottlieb medium

there is no description of spirals of S.
eurythennusl>2\ the authors assumed that
S. eurythermus formed no spirals and it

is indicated as "-?" in Table 3.

Assay of the Antibiotic

Candida albicans 3147 is cultured at

37°C for 48 hours on a slant of Sabrourd
agar medium, and the mycelium is sus--
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pended in 1,0ml of sterilized distilled water. It is added to the seed layer of the
assay plate at 0.3% concentration. The assay procedure for the antibiotic is the

ordinary cylinder plate method. Solutions of acrylamidine containing 40 and 20 mcg/ml
used as standards show inhibition zones of 24~25 and 18~20 mmdiameter respectively

after incubation at 37°C overnight.

Production of the Antibiotic

Strain D274-2 was inoculated into 100

ml of medium in a 500-ml flask, and
cultured at 27~28°C on a reciprocating

shaking machine (120 strokes/min., 8 cm
amplitude). The pH, amount of produc-
tion, and period of the shaking culture

for maximumproduction in various media
are shownin Tables 4, 5 and 6.

For the production of the antibiotic,
glucose is the most suitable carbon source,

T a b le 4 . T h e e ffe ct of v a r io u s c a r b on

s o u rc e s o n a n t ib io tic p r o d u c tio n

M a x i m u m p r o d u c tio n in

S u g a r s M e d iu m - 1       M e d iu m - 2

p H |m c g /m l| d a y s p H m c g /m l d a y s

S ta r c h  7 . 7  2 4  3 - 4 6 . 1 4 6  4 ~ 5

G lu c o se 6. 2 3 5 4 5 . 0 8 1

�"G ly c e r ol 8. 1   2 5 4 5 . 2 7 5

D e x trin 9. 0 0 2 - 3 7 . 0 5 2 5

L a ct os e 9. 0 0 2 - 3 5. 6 4 7 5

S u cr o s e  8 . 7  1 7  2 - 3 6. 1  4 8

3 % sugars, 1 % Polypeptone, 0.2 %
yeast extract, 0.6 % CaCO3, pH6.6.
3% sugars, 1.5% soybean meal,
0.2 % MgSO4.7H2O, 0.1 % K2HPO4,

pH 6.6.

Table 6. The influence of soybean meal
and Polypeptone on antibiotic
production

M ed ia pH
Maximum produ ction

m cg/m l  day s

M ed ium -2 6. 4 92 5

M ed ium -2-1 6. 4 150 5

M ed ium -2-2 6. 4 88 5

Basalmedium:3% Glucose, 0.2% MgSO4-

7H2O, 0.1 % K2HPO4.

M

edium-2 : Basal medium+1.5 % soybean
meal.

M

edium-2-1: Basal medium+1.5 % soybean

meal+0.3 % Polypeptone.

;

Medium-2-2: Basal medium+1.5 % soybean

meal+0.5 % Polypeptone.

Table 5. The effect of various nitrogen
sources on antibiotic production

N i t r o g e n  s o u r c e s 0/T o

M a x i m u m  p r o d u c t i o n

p H  m c g / m l  d a y

P o ly p e p t o n e

M e a t  e x t r a c t

Y e a s t  e x t r a c t

N - Z - a m in e

S o y b e a n  m e a l

C o r n  s t e e p  l iq u o r

N a N O c

K N O o

N H 4 C l

( N H ,) 2 S O 4

( N H 4 )  2H P O 4

0 . 5 6 . 2 2 7 3

1 . 0 6 . 0 5 1 3 - 4

0 . 5 6 . 4 2 0 3 - 4

1 . 0 6 . 2 2 6 3 - 4

0 . 5 5 . 6 2 3 3

1 . 0 5 . 2 3 1 3

0 . 5 6 . 0 1 9 3

1. 0 5 . 4 2 0 3

0 . 5 5 . 6 4 8 4 ~ 5

1. 0 6 . 0 7 7 4 - 5

0 . 5 6 . 2 7 3 - 4

1 . 0 5 . 8 0 3 ~ 4

0 . 5 6 . 8 0 2 - 5
1 . 0 6 . 8 0 2 - 5

0 . 5 6 . 6 0 2 - 5
1 . 0 6 . 6 0 2 - 5

0 . 5 6 . 6 0 2 - 5
1 . 0 6 . 4 0 2 - 5

0 . 5 6 . 6 0 2 - 5
1 . 0 6 . 6 0 2 - 5

0 . 5 5 . 4 0 2 ~ 5
1 . 0 5 . 0 0 2 - 5

N o n e 6 . 4 0 2 - 5
6 . 4 0 2 - 5

Basalmedium:3% Glucose, 0.2% MgSO4-

7H2O, 0.1 % K2HPO4.

T a b le 7 . T h e c o u r s e of t h e f er m e n ta tio n

in ja r fe r m en te r .

Hours  pH  Activity a sacryla m id in e (m c g /m l)

0 6 . 8

12 6 . 6

2 4 6 . 4

3 0 6. 2 - 6 . 4 5

4 2 5 . 6 3 6

4 8 5 . 6 - 5 . 8 5 8

6 5 5. 6 1 0 7

Stainless steel jar fermenter 30-liter volume.
Medium: 15 liters of the medium-2-1.

Sterilization: 120°C, 20 minutes.

Inoculum: 200 ml of 48-hour shaking cultured
broth.

Stirring: 250 r.p.m. Aeration: 14 liters/min.
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and soybean meal and Polypeptone are suitable nitrogen sources. In the medium 2-1
containing 3% glucose, 0.2% MgSO4-7H2O, 0.1 % K2HPO4, 1.5% soybean meal and

0.3 % Polypeptone and adjusted to pH 6.6, 150mcg/ml of the antibiotic was produced

after 5 days' fermentation.
In a jar fermenter containing 15 liters of the medium 2-1, strain D274-2 gave

the results shown in Table 7.

Isolation of the Antibiotic

The cultured broth from two jar fermenters was adjusted to pH 6.6 and filtered,

yielding 23 liters of the nitrate containing 2.2g of the antibiotic. In a preliminary
experiment, Amberlite IRC-50 (Na+ type), completely adsorbed the activity if 8 % of

the nitrate volume was used. Therefore, the filtrate above was passed through a
column containing 2.3 liters of the resin. Since the activity was decreased by elution

with 0.5N hydrochloric acid, the antibiotic on the column was eluted with 0.5m
ammonium chloride. Three liters of active eluate were collected and lyophilized.

The residual white powder was extracted with methanol-acetone (1 : 5), and filtered
to remove 93g of inactive solid. The nitrate (1,150ml) was concentrated to dryness
under reduced pressure, and the residue was washed with ether to yield 3.28g of

slightly yellow brownish powder. The suspension of the crude powder in 10ml of
methanol was treated with 140 ml of acetone and filtered to remove 1.59 g of inactive

solid. The nitrate was concentrated to dryness under reduced pressure yielding 1,311
mg of crude crystalline hydrochloride of 90% purity. The overall yield was 54%.
It was recrystallized from 1-butanol-acetone or 1-propanol-acetone (1 : 5-1 : 10).

Properties of the Antibiotic

The hydrochloride forms hygroscopic colorless
crystals. It is easily soluble in water and lower
alcohols, fairly soluble in acetone or chloroform

containing water and lower alcohols, and insoluble
in ethyl acetate, acetone, chloroform, ether and n-

hexane. It melts at 138.5~139.5°C. It is optically
inactive. It decolorizes potassium permanganate
solution and bromine water, and gives an orange

color with nitroprusside reagent3) (10 % NaOH- 10 %
Na2[Fe(GN)5]NO-2H2O- 10 % K3Fe(CN)6-H2O (1 : 1 :

1 :3)), but negative ninhydrin, Sakaguchi, ferric
chloride, Benedict and Tollens reactions. It is
stable in aqueous solution at pH 2.0 to 6.0, but
unstable in more acid or alkaline solutions. In

alkaline solution it liberates ammonia. The sum-
marized papergram detected by bioautography is

shown in Fig. 1. The molecular weight determined

by vapor pressure osmometer using water as solvent
was 96. Anal. Found: C 33.38, H 7.00, N24.22,

F ig .  1 .  S u m m a riz e d  p a p er g ra m s
o f  a cr y la m id in e

S o lv e n t  sy s te m s
A  :  W e t  b u ta n o l

B  :  2 0  %  A m m on iu m  c h lo rid e
C :  7 5 %  P h en o l

D :  5 0 %  A c e to n e
E  :  B u ta n o l,  m e th a n o l,  w a te r
(4 : 1 : 2 ) ,  1 .5 %  m e th y l
o r a n g e

F  :  B u ta n o l,  m e th a n o l,  w a te r
(4 : 1 : 2 )

G  :  B e n z e n e ,  m e th a n o l  (4  :  1 )
H :  W a t er

u   b   C   D   E   F   G   H
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Cl 32.94. From the elemental analysis, a molecular

formula, C3H7N2C1 (Calcd. : C 33.81, H 6.63, N 26.29,
V^l OO.^Iy, 1O p

lUSSlUiC 1U1 LUC tillLlUlULi^, dllllUUiill LilC

/500|

content of nitrogen is low because of its hygroscopic
and labile characters. As shown in Fig. 2, the

antibiotic has only an end absorption in water and
0.1n HC1, but a shoulder at 230 to 250mju in 0.1n
NaOH. The infrared spectrum of the antibiotic

pelleted with potassium bromide is shown in Fig. 3.

A strong band at 970cm"1 is attributed to an out-

Fig. 2. Ultraviolet absorption
spectrum of acrylamidine

C/cm

in water*, O.INHCI
IOOO[\

500f

220 260 300 mp

2.5

Fig. 3. Infrared absorption spectra of D274-2 substance and acrylamidine
4 5 6 7_8 9 K) II 12 13 14 15/1

100

20

oh
4000 3000 2000 1800 1600 1400

eoo

of-plane CH deformation vibration of a
terminal vinyl group. The n.m.r. spectrum

of its solution in deuterium oxide taken at
60 Me by A-60 Varian spectrometer is shown

in Fig. 4 and shows a splitting pattern at
d 5.8^6.8p.p.m. corresponding to three
protons. As shown in Fig. 4, the 100Me

spectrum taken with a Type JMN 4H-100
spectrometer of Japan Electron Optics
Laboratory gives a typical ABC-pattern
which is commonly observed in the spectra
of derivatives of acrylic acid.

The foregoing results, that is, its mole-
cular formula, infrared and n.m.r. spectra,
liberation of ammonia by the treatment
with alkaline solution, and positive nitro-
prusside reaction2) which is characteristic
of compounds having -N-G-N-grouping,

F

ig. 4. NMR spectrum of D274-2

substannce in deuterium oxide at
60Me and 100Me

H,H

H NC=NH HCI

NH2

In D20at 100Me

iV'J i«1^H**%yAS*i-vY^ ^^VW</V r >'| Ux**vUy*v*v
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Ta ble 8 . T h e bacteriostatic effects of acrylam idin e tested by ag ar streak m eth od

O rg an ism s

M in im um
in hib itory

concen tra-
tion

m cg /m l

O rga nism s

M in im um
in hibitory

con centra-
tion

m cg /m l

M edium

S taphy lococcu s au reus 2 09P > 100

M ediu m

P enicilliu m chrysog enu m > 100

Staphylococcus au reu s T erajim aa > 100 A sp erg illu s n ig er > 100

S taphy lococcu s au reus S m ith > 100 Trichophyton m en tag rop hytes 75

B acillus m eg ateriu m 1 > 100 S accha rom y ces sak e 75

B acillus an th racis > 100 S accha rom y ces cerevisiae 75
Bacillus su btilis N R R L B -558 > 100 H ansen u la an om ola 100
B acillus su btilis P C I 219

S a rcin a lu tea 1001

> 100

> 100
T oru la u tilis

C an d id a albica ns

C an did a stellatoidea

100

50~ 75

50- 75
Micrococcus fl avu s M -16 > 100 3 *

1* E sch erichia coli II > 100

Klebsiella p n eu m on iae P C I 6 02 > 100 C an did a trop icalis 50- 75

S a lm on ella typ h im u riu m 140 6 > 10 0 C ryptococcus neoform an s I 50

S a lm onella p aratyp h i A > 10 0 H istop lasm a cap su latu m > 100

S h ig ella dy senteria e > 10 0 Hormodendrum p edrosoi I 50- 75

Shigella fl ex n eri > 100 Microsoporum a ud ouini I 75

S h ig ella sonn ei

P seud om ona s tabaci

P seud om ona s aerug in osa

> 100

> 100

> 100

F u sariu m lini 100

M ed iu m 4*

P yricu laria ory zae

X an th om on as ory zae

F u sa riu m oxy sporu m

>100

> 100

> 100M ediu m Mycobacterium tu berculosis 607 > 100

2* M y cobactertu rn p h lei > 100 G ibberella sau bin etii > 100

NaCl, 1.8% agar,
* Medium 1: Bouillon agar, pH 6.8~7.0 (37°C)

2: 1.5 % Glycerol, 0.75 % polypeptone, 0.75 % meat extract, 0.2
pH 6.8-7.0 (37°C)

polypeptone, 1.8 % agar, pH 5.6-6.0 (27°C)

polypeptone, 0.2 % glutamic acid, 0.2 % yeast extract, 1.8
3: 1.5% Glucose, 1.05

4: 2.0% Sucrose, 0.5.
agar (27°C)

suggest that the antibiotic is acrylamidine. The hydrolysis of the antibiotic with nt
NaOH at 70°C for 5 minutes gives acrylamide as shown by paper chromatography

using Toyo Filter Paper #51 and 1-butanol-methanol-water (4: 1 :2) and by thin-
layer chromatography using Eastman Ghromatogram Sheet 6061 and 1-butanol - glacial

acetic acid-water (4: 1 :5). The antibiotic is detected at Rf 0.43 on the paper and
at Rf 0.56 on the thin-layer chromatogram by iodine, nitroprusside reagent, potassium

permanganate or ultraviolet light, and acrylamide and the hydrolysis product are
detected at Rf 0.70 on the paper chromatogram and at Rf 0.88 on the thin-layer

chromatogram.
Acrylamidine was synthesized, starting from acrylonitrile by the method reported

by Martinez4). The identity of the antibiotic with acrylamidine synthesized was
proved by paper and thin-layer chromatography described above and by the infrared

spectra as shown in Fig. 3.
The minimum inhibitory concentration of acrylamidine against various micro-

organisms was measured by agar streak method as shown in Table 8. Acrylamidine
hydrochloride inhibits the growth of Candida albicans, Candida stellatoidea, Candida

tropicalis, Cryptococcus neoformans, Hormodendrum pedrosoi, Trichophyton mentagro-
phytes, Saccharomyces sake, Saccharomyces cerevisiae and Microsporum audouini at 50~

75mcg/ml, but does not inhibit Piricularia oryzae, Xanthomonas oryzae, Gram-
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positive and negative bacteria and Mycobacteria even at 100mcg/ml. The LD50 to

mice of acrylamidine hydrochloride was 38 mg/kg subcutaneously and intraperitoneally,
and 44 mg/kg intravenously. No curative effect was observed, when 0.6 mg/mouse of
acrylamidine hydrochloride was intraperitoneally injected to mice infected with
Candida albicans.

In tissue culture, acrylamidine hydrochloride caused the denaturation of HeLa cells
at 50mcg/ml, and 82.3% and 3.6% inhibition of growth of Yoshida rat sarcoma
cells at 100 and 20mcg/ml, respectively, were observed. However, acrylamidine
hydrochloride showed no therapeutic effect on ascites type or solid type Ehrlich

carcinoma, sarcoma 180, mouse leukemia SN-36 and L 1210.
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