
ISOLATION AND CHARACTERIZATION OF IMALFORM\,TTIN ",2, 3
NOBUTAKA TAKAHASHI 4& ROY W. CURTIS

DEPARTMENT OF BOTANY & PLANT PATHOLOGY, AGRICULTURAL EXPERITMENT STATION,
PURDUE UNIVERSITY, LAFAYETTE, INDIANA

Papers (5. 6) from this laboratory have reported
the in(luction, by culture filtrates of the fungus, Asper-
gillums niger, of curvatures and malformations of bean
plants an(l curvatures of corn roots. The name, mal-
fornmin, was propose(d for the active compound (7).
We now present a complete isolation procedure for
malformin and describe, in part. the character of the
molecule. Isolation of nmalformin has made it possi-
ble to conduct quantitative experinments on its activity
(see following report).

MATERIALS & METHODS

Aspergillts niger van Tiegh. strain 56-39 was
use(l in these andl the original studies. The culture
mle(lium, corn steep-glucose, and shake-flask methods
were described earlier (5). Culturing wvas done at
25 to 260 C.

Cultures of 56-39 were obtained fronm soil stocks
by inoculating agar slants of potato-dextrose medium.
After 7 to 10 days, one ml spore suspensions were
use(I to inoculate 100 ml aliquots of corn steep-glucose
me(lium in 500 ml erlenmiieyer flasks. After 24 hours
on a reciprocating shaker, the cultures were transfer-
red to addlitional 100 ml ali(luots of the saame medium
in 1 liter erlenmeyer flasks andl again incubated for
24 hours onl the shaker. Each of these cultures was
transferred to New Brunswvick M\To(lel FS-314 fer-
nmentationi jars containing 10 liters of corn steep-
dextrose me(liunm. The jars were incubated for 4
to 5 days on a Newv- Brunlswick fermiientor (lrive as-
sembly (air flow = 6 liters/mmin,jar; agitation speed
= 420 rpnm). Antifoam (Dow Polyglycol P-2000)
was added as needed. At the end of the fermentation
perio(l the miiyceliunm was remiioved by filtration and
(li scar(le(l.

To folloxv the isolation of malformin from the
filtrates, one of two nmethods of assay was employed,
the bean test (5) or the corn root test (6). The
fractionis were usually driedl an(d then (lissolved in
water (containing 4 drops of Txveen 80/100 ml for
the bean test). In some cases a few drops of acetone
wvere ad(led to the drie(l residue to assist in dissolving
thle material.

Additional mletlhods are given later.
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RESULTS
I. PURIFICATION OF AMALFOR-MIN: A schematic

outline (fig 1) presents the various stages of isolation.
After adding activated charcoal to the culture filtrate
(step 1) the charcoal-filtrate mixture vas stirred for
1 hour. The charcoal settled overnight and was
separatedl from the clearedl filtrate by decantating.
Additional water was removeld by filtering through
Wlhatman no. 1 filter paper. After drying, the char-
coal was made into a slurry with teclhnical grade
99 % acetone and poured into a 7 X 90 cm column
(step 2). The column was eluted with more acetone.
About 1.5 liters of acetone were used for each 100 g
of air dried charcoal. When the acetone was re-
movedl by (listillation (step 3) an aqueous residue
remainedl, its volume depended on the water content
of the acetone and the charcoal. This residue was
made alkaline (pH 8-9) by adding saturated NaHCO3
solution, or by adding the bicarbonate directly to the
aqueous residue. Malformin was removed from the
aqueous phase by five extractionis with ethyl ether.
The ether was then extracted twice with 30 % (v,/v)
H2SO4 to remove basic substances: malformin re-
maine(d in the neutral ether fraction (step 4). The
30 % H.,SO solution w-as again extracted with ether
twice, and the ether was combined with the neutral
ether fraction containing malforimiin (step 5). An-
hydrous Na.,SO. was added in excess to the neutral
ether fraction for drying (step 6). After filtering
andl evaporating the ether a yelloN syrup remain-ed.
By waslhing this syrup with smiiall quantities of abso-
lute acetone most of the nmalformin remained as a
crude white poNvder, wvhereas the yellow substance
was dissolvedl in the acetolne. Although mialformiini
is slightly soluble in acetone the use of slmiall qualnti-
ties minimized the loss. A second crop of crude
white powder wvas usually recovered from the acetone
by allowing it to evaporate for 3 to 4 days. MNlost of
the crude white powder, about 600 mg from 30 liters
of culture filtrate, could be dissolved by refluxing five
times for 30 minutes with 50 nml aliquots of ethyl ace-
tate (reagent grade, step 7). Insoluble material wvas
removed by filtration. The ethyl acetate solution
was condensed to approximately 100 nml andI added to
a 2.2 X 40 cm column of activated alumina (M\erck.
reagent grade) previously packed with ethyl acetate.
The column was eluted with approxinmately 300 ml
of ethyl acetate at a rate of 20 to 30 drops/nuin.
Evaporation of this fraction yielded a small quantity
of syrup which had no activity on bean plants. The
eluting solvent was then changed to ethyl acetate
containing 2 % (v/v) ethyl alcohol. After 150 ml
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30 liters culture filtrate (PR 3 to 5)

(1) 600 g activated charcoal (D^rco G-60)

Filtrate (discarded) barIcoal,

Charcoal washed with (2)
10 liters acetone

air dried at room
tempmrture

Charcoal
(discarded)

Evaporated, leaving approximtely 200
water. Added 100 ml saturated sodium
bicarbonate solution (final pH * 8 to 9)
Extracted 5 times with 150 ml aliquots
of ethyl ether.

Ethelr pase

(4) Extracted 2 times with 100 ml

aliquots 30% sulpic acid

Aqueous phse

(5) Extracted 2 tims
vith 70 ml other

Aqueous phase Et r
(discarded) (combined with neutral

ether fraction)

Aqueous phase (discarded)

Ether

(6)

Reidue (600 mg crude
white powder)

(7) Refluxed 5 times for 30 min
with 50 ml aliquots ethyl
acetate, filtered

.~~~~~~~~~~~~a

(containing neutral, ether
soluble fraction)

Dried with anhydrous
sodium sulfate, filtered,
evaporated. Yellow,
oily residue washed
with 30 ml absolute
acetone

Acetone soluble
(yellow) (discarded)

Soluble fractioninsoluble fraction
(discarded)

(8) Adsorbed to and eluted
from colums of activated
alumina (see text)

fA.oie (430 )
FIG. 1. Isolation procedure for malformin from culture filtrate of A. 1tiger 56-39.
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had been collected, the solvent was evaporated and
430 mg of a pure white powder remained (from 30
liters of culture filtrate). Recent evidence indicated
that using 2 % alcohol in the eluting solvent may not
be necessary. The white powder was active on bean
seedlings or corn roots when as little as 1 X 10-4 Ig/
plant were used. Adsorption and elution from alumina
columns was repeated for further purification. Mal-
formin did not melt but did decompose at temperatures
over 300° C.

The movement of malformin in the solvents indi-
cated that the molecule had neither acidic nor basic
groups, and no amphoteric properties; thus, the com-
pound was neutral. These results agree with earlier
studies indicating that malformin could not be adsorbed
by anion or cation exchange resins (5).

II. MOLECULAR FORAMULA: From the analysis
of malformin (table I) for carbon, hydrogen,
nitrogen, and sulfur the experimental formulae
(C23H39N505S9)1n or (CC93H4,N50,S,)n were calcu-
lated. They differ only in the number of hydrogen
atoms. It was impossible to differentiate the two by
the results of elemental analysis.

The molecular weight of malformin was deter-
mined by the Barger method (2). A solution of mal-
formin was equilibrated with various concentrations
of standard solutions of recrystallized acetanilide in
capillary tubes. In two determinations the molecular
weight was 530 ± 45 and 495 ± 45. These values
agree with the formulae of CQ3H39N505S2 or
C23H41N505S2 (table I).

TABLE I
ELEMENTAL ANALYSIS OF MALFORMIN

% % % MOLE-
% HYDRO- NITRO- % CULARCARBON GEN GEN SULFUR WEIGHT

Found 52.19 7.53 13.35 11.90 512*
C23H39N505S2 52.11 7.36 13.22 12.10 530
C23H41N05S. 51.88 7.71 13.16 12.06 532

* Average of two experiments.

III. PHYSICAL & CHE-MICAL PROPERTIES OF MAL-
FOR'MIN:

A. Infrared Spectrumiii: A Perkin-Elmer Model
21 Spectrophotometer was used for the infrared
studies. The infrared spectrum (fig 2) of malformin
showed strong adsorption peaks at 3.01, 6.06, and
6.54 I. These adsorption bands are typical of pep-
tides.

B. Ultraviolet Spectrumt: The ultraviolet spec-
trum was taken on a Beckman Model DU spectro-
photometer. Solutions of malformin were prepared
with methyl cellosolve and diluted with water. In
the region froiml 220 to 330 m,u no adsorption peaks
were observed. End adsorption was observed at the

shorter wave lengths (at 220 my, E = 5400). The
lack of ultraviolet adsorption bands excluded the possi-
bility of any conjugate system in the molecule.

C. Optical Rotation: A 1.1 % solution of mal-
formin in methyl cellosolve was used for optical ro-
tation determinations. Specific rotation was calcu-
lated from the readings to be [a]D = -39.0'.

D. Solubility: Malformin was readily soluble
in acetic and formic acid, phenol, methyl cellosolve,
and dimethyl formamide; sparingly soluble in ethyl
acetate, ethanol, methanol, and acetone; difficultly
soluble in water, benzene, petroleum ether (B.R. 60
to 70°), and chloroform.

E. Electrophoretic Mobility: Column electro-
phoresis was used under acidic and basic conditions.
A rectangular, horizontal column (1.6 X 3 X 38 cm),
consisting of 19 removable 2 cm sections, was packed
with polyvinyl resin (Geon, B. F. Goodrich Chemical
Co.) mixed with 0.1 N acetic acid buffer (pH 3.5),
or 0.1 M phosphate buffer (pH 8.7) containing 10 %
methyl cellosolve. Excess buffer was removed from
both ends of the column. Resin from the center sec-
tion of the column was removed and replaced with
resin previously mixed with 0.7 ml malformin solu-
tion containing 300 to 500 lAg malformin and one mg
glucose (control) in 1 ml of buffer. Electrophoresis
followed for 17 hours (70 volts/cm, 2.5 X 10-3 amp/
cm2 under acidic conditions; 70 volts/cm, 5.7 X 10-3
amp/cm2 under basic conditions). The resin from
each section of the column was removed and washed
with 4 ml of water. An aliquot of the eluate from
each section was filtered, diluted, and tested for mal-
formin by the corn root test. Malformin was also
detected by mixing 1 ml of the eluate with 0.5 ml 15 N
H2S04 and hydrolyzing at 121° C for 17 hours. The
hydrolysate was adjusted to pH 5.0 with 5 N Na03
mixed with 2 ml 0.2N citrate buffer (pH 5.0) a;
1.5 ml KCN-ninhydrin solution to detect amino aciG.
(see below). The solutions were heated at 100° C
for 15 minutes. The control, glucose, was detecte
by the anthrone-H2 SO4 reagent (8).

In acidic conditions malformin and glucose Nvere
detected only at the origin and weakly in the first
section toward the negative pole. Identical results
were obtained in basic solvent except glucose was
detected only at the origin. The slight movement of
malformin toward the negative pole under basic con-
ditions was not considered significant. It was con-
cluded that malformin was not amphoteric.

80

z so.

60

Z 40-

z
I-9

WAVELENGTH (MICRONS)

FIG. 2. Infrared spectrum of malformin in Nujol
Mull.
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IV. HYDROLYSIS OF MALFORMIN: Information
derived from the elemental analysis, electrophoresis,
and the movement of malformin in various solvents of
the purification process led us to expect that malfor-
min was a peptide with no free terminal groups. Mal-
formin was hydrolyzed in 6 N HCI for 20 hours at

1210 C. The hydrolyzate gave a strong positive re-

action with ninhydrin, thus confirming its peptide
nature. Paper and column chromatography were

used to identify the amino acids and determine their
molar ratio.

A. Paper Chromatography: Malformin (2 mg)
was dissolved in 0.4 ml acetic acid and mixed with
2 ml of 6 N HCl. The solution was sealed in a small

pyrex test tube and hydrolyzed for 20 hours at 1210 C.
The hydrolyzate was dried and 0.5 ml of water was

used to dissolve the residue. Five IL were applied to

strips of Whatman no. 1 paper. The amino acids
were separated with the organic phase of a mixture
of butanol, acetic acid, and water (50: 1: 50 v/v)
using descending, multiple (two multiplications)
chromatography. Four spots were detected with
ninhydrin. Their Rf values were 0, 0.37, 0.57, and
0.62. By comparing these spots with those of authen-
tic samples it was concluded that three of the amino
acids were valine (Rf 0.37), isoleucine (Rf 0.57),
and leucine (Rf 0.62).

The amino acid which remained at the origin was

considered to be a sulfur-containing amino acid, and
because of its low Rf value, possibly cystine. The
intensity of this spot varied with the conditions of
hydrolysis. It is known that cystine is not stable
to the usual methods of hydrolysis, and peptides or pro-

teins containing cystine are often oxidized by per-

formic acid prior to hydrolysis (19). The oxidation
product of cystine, cysteic acid, is stable during hy-
'olysis. Two mg of malformin were oxidized with
Arformic acid for 4 hours at 4 to 50 C (performic
A-cid was prepared by mixing 22.5 ml of formic acid
and 2.5 ml of 30 % H.O0 at room temperature for 1
hir). After oxidation the solution was evaporated
in vacuo, and the residue was hydrolyzed in 2 ml of
6 N HCl at 1210 C for 17 hours. Descending chroma-
tography, with methanol, water, pyridine (80: 20: 4
v/v) was used to separate the amino acids. Two
spots, Rf 0.6 and 0.8, were detected with ninhydrin.
The compound with an Rf value of 0.6 was identified
as cysteic acid by comparing with authentic material.
The other spot corresponded to a mixture of leucine,
isoleucine, and valine.

Alkaline hydrolysis of malformin (2 mg) was done
in 2 ml of 1 N Ba(OH)2 at 1210 C for 20 hours. The
hydrolyzed material was brought to pH 5 with H2SO.
A precipitate of BaSO4 was removed by centrifuga-
tion and washed twice with 3 ml aliquots of water.
The hydrolyzate and the BaSO4 washings were com-

bined, evaporated to dryness, and dissolved in 0.5 ml
of water. This solution (0.5 IAl) was chromato-
graphed using the butanol, acetic acid, water solvent.
Four spots were detected with Rf values of 0.15, 0.37
(valine), 0.57 (isoleucine), and 0.62 (leucine). The

new spot at Rf 0.15 was derived from cystine during
alkaline hydrolysis as shown by similar experiments
with authentic cystine.

Carbohydrates were excluded as components of
the hydrolyzates by spraying the chromatograms with
aniline hydrogen phthalate (16), a-aminophenol-phos-
phoric acid (10), and ammoniacal AgNO, (15).

The molar ratio of the component amino acids of
malformin was determined by the paper chromato-
graphic method of Kay, Harris, and Entenman (11).
In this method the amino acids were detected with
ninhydrin, eluted from the paper with alcohol, and
measured photometrically. Oxidized and hydrolyzed
malformin was chromatographed using butanol, acetic
acid, and water as described. Because isoleucine
and leucine were not completely separated, they were
combined. The molar ratio of cysteic acid, valine,
and the leucine-isoleucine mixture was 2: 1: 1.8, re-

spectively.
B. Column Ch-romahltographv: To obtain further

evidence for identifying the amino acid components
of malformin and their molar ratios the methods of
Moore and Stein were used (13) with slight modifica-
tion. Dowex 50-X8W resin (200-400 mesh) was

used to prepare a column (1.0 X 75 cm) with 0.1 N
citrate buffer (pH 4.25). The temperature of the
column was maintained at 50 ± 10 C by circulating
water through the jacket of the column. Malformin
(0.3-0.4 mg), hydrolyzed directly or after oxidation
with performic acid, was applied to the column in
2.5 ml of 0.1 N citrate buffer (pH 3.42). The sample
was washed onto the column with two 0.5 ml aliquots
of the same buffer and eluted with 0.1 N citrate buffer
(pH 4.25). Because the hydrolyzate contained only
four amino acids only this buffer was used for elu-
tion. The fractions (1.7 ml) were collected at a

constant rate of S ml per hour by regulating the posi-
tion of the buffer reservoir and by air pressure. The
amount of amino acid in eaclh fraction was determined
by the method of Yemm and Cocking (20) as follows:
to each fraction 0.05 ml of 1 N NaOH, 1.5 ml of 0.2 N
citrate buffer (pH 5.0), and 1.3 ml of KCN-ninhydrin
solution were added. The solutions were heated at
1000 C for 15 minutes and cooled in cold water. After
adding 5 ml of 60 % ethanol to each fraction the color
intensity was measured photometrically at 570 mt.
Known amino acids were used to prepare standard
curves. The results of direct hydrolysis of malformin
and hydrolysis after oxidation are given in figures 3
and 4. By comparing the position of the peaks with
those of standard amino acids, the amino acids were

identified as leucine, isoleucine, valine, and cystine
(cvsteic acid after oxidation). Separation of leucine
and isoleucine was complete. The molar ratio (table
II) was calculated from the total amino acid content
under each curve. The value obtained for Y2 cystine,
when malformin was hydrolyzed directly, was low
because this amino acid is unstable.

If the results of elemental analysis, molecular
weight determination, and the paper chromatography
are considered the molar ratio of leucine, isoleucine,
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TABLE II

MOLAR RATIO OF AMINO ACID COMPONENTS OF
MALFORMIN ISOLATED FROM A. NIGER

56-39

AMINO ACID MALFORMIN OXIDIZED
MALFORMIN

Leucine 1.00 (1)* 1.00 (1)
Isoleucine 0.79 (1) 0.76 (1)
Valine 0.80 (1) 0.99 (1)
2 Cystine 1.04 (2) 0.00 (0)

Cysteic acid 0.08 (0) 1.97 (2)

* The values in parentheses were calculated from the
experimental formula of C23H41N505S2.
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valine, and Y2 cystine must be 1: 1: 1: 2, respectively.
A cyclic peptide containing these amino acids in
such a ratio has a molecular formula identical with
that calculated from the results of elemental analysis.
The molar ratio obtained by column chromatography
showed slight deviations from the calculated ratio,
especially the isoleucine value, but support the
1: 1: 1: 2 ratio.

V. TEST FOR -SH GROUP IN MALFORMIN: The
nitroprusside test of Anson (1) and the sodium azide-
iodine test of Feigl (9) were used to detect -SH
groups. No reaction occurred in either of these tests
or after hydrolysis of malformin by a mixture of 90 %
formic acid and 6 N HCl (1: 1 v/v) in evacuated
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FIG. 3. (upper left). Amino acid components of malformin produced by A. ntiger 56-39. Samples hydrolyzed with-

out prior oxidation.
FIG. 4. (utpper right). Amino acid components of malformiin produced by A. niger 56-39. Samples hydrolyzed

after oxidation with perfomic acid.
FIG. 5. (lower left). Amino acid components of malformin produced by A. ntiger 56-30. Samples hydrolyzed

without prior oxidation.
FIG. 6. (lower right). Amino acid components of nmalformin produced by A. niger 56-30. Samples hydrolyzed

after oxidation with performic acid.
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and sealed tubes. Under these conditions of hydroly-
sis, conversion of cysteine to cystine is limited. The
lack of -SH groups indicated that, in the isolated mal-
formin, the S-S bridge of cystine was present.

VI. PRODUCTION OF MALFORMIN BY OTHER
STRAINS OF A. NIGER: The yield of purified malfor-
min from culture filtrates of 56-39 gradually decreased
from a high of about 15 mg per liter to less than 1 mg
per liter. Consequently, a screening program was
initiated to obtain higher yielding strains. Strain
56-30 was selected. When grown on a corn steep-
glucose medium, it yielded approximately 35 mg per
liter of culture filtrate. Because the isolation method,
infrared spectrum, and elemental analysis were iden-
tical, it was considered that malformin from 56-39 and
56-30 were identical. When hydrolyzates of mal-
formin from 56-30 and 56-39 were compared, dif-
ferences were found. On paper chromatograms, no
differences could be detected in the relative intensity of
the leucine, valine, and cystine (or cysteic acid) spots.
However, the intensity of the isoleucine spot was
much weaker for the amino acids from 56-30 than
from 56-39, whether the malformin was hydrolyzed
directly or after oxidation with performic acid. For
more accuracy, the molar ratio of the component
amino acids of malformin isolated from 56-30 was
also investigated by the method of Moore and Stein
(13). The amino acid curves obtained from mal-
formin hydrolyzed directly (fig 5) and after oxidation
(fig 6) indicated that the amino acid which was con-
sidered to be isoleucine, on the paper chromatograms,
was actually allo-isoleucine. Furthermore, the molar
ratio of this amino acid was low (table III). The

TABLE III
MOLAR RATIO OF AMINO ACID COMPONENTS OF

MALFORMIN ISOLATED FROM A. NIGER
56-30

AMIN,O ACID MALFORMIN OXIDIZED
MALFORMIN

Leucine 1.00 1.00
Isoleucine 0.07 0.09
Allo-isoleucine 0.22 0.22
Valine 1.05 1.07
'A Cystine 0.77 0.00
Cysteic acid 0.11 2.13

molar ratio of the other amino acids was essentially
the same as that obtained from 56-39. Apparently,
the two malformins are different. Strangely, no dif-
ferences were detected in elemental analysis or infra-
red spectrum. Clarification must await further ex-

perimentation.
Malformin, isolated similarly from six other

strains, was hydrolyzed and examined for amino acid
content by paper chromatography. All strains pro-
duced malformin like that of 56-39. Only 56-30

produced the different malformin. The activity of
these compounds on bean seedlings and corn roots
appeared the same.

DISCUSSION
Evidence obtained earlier (6) indicated that the

compounds produced by A. niger which caused mal-
formations on beans and curvatures on corn roots
were identical. The activity of isolated malformin
on both bean stems and corn roots confirmed the re-

sults obtained by paper chromatography.
The neutral nature of malformin was shown by:

A: no movement by electrophoresis, B: solubility
properties, C: no adsorption by anion and cation ex-

change resins, and D: negative ninhydrin test before
hydrolysis. The amino acid components of malform-
in are all neutral. These facts suggest that malform-
in is probably a cyclic peptide.

Two formulae are proposed for malformin isolated
from strain 56-39. The compounds differ only by
two hydrogen atoms, depending on the presence of
cystine or two cysteine residues in the molecule.
Because no free -SH groups were detected, the first
formula should be assigned to malformin. Under the
conditions of isolation it seems likely that any free
-SH groups present originally would be oxidized to
form the S-S bridge. Actually, the activity of this
compound may depend on the interconversion of the
-SH and S-S forms. The necessity of these groups
is emphasized by a complete loss of activity on beans
when malformin was oxidized with performic acid
to form -SO3H radicals. Many enzymes, antibiotics,
toxins, hormones, and plant growth substances, are

believed to be active because they contain or react
with sulfhydryl groups (3, 12, 14). Roberts and
Lucchese (18) and Pilet (17) have observed that -SH
groups are in highest concentration in the apical
meristems of plants. These regions respond most
strongly to malformin.

Malformin contains an unusually high percentage
of cystine (40 % calculated on the basis of Y cystine).
Malformin isolated from strain 56-30 contains an un-

common amino acid, allo-isoleucine, first isolated
from a natural compound as a degradation product
of actinomycin C (4).

Our results suggest that two malformins exist.
The first, from strain 56-39 and other strains of
A. niger, contains valine, leucine, isoleucine, and

Y2 cystine in a 1: 1: 1: 2 ratio, respectively. The
second malformin, from strain 56-30, appeared iden-
tical with respect to method of isolation, elemental
analysis, and infrared spectrum. The ratio of valine,
leucine, and Y2 cystine of the second malformin was

similar to that of the first but the ratio of isoleucine
was low. Also, the second malformin contained
allo-isoleucine. These differences must be resolved
before a structure can be proposed. Newly isolated
peptides often are later shown to be mixtures.
This possibility must also be considered for malformin.
We have shown the possibility of two kinds of mal-
formin from strains 56-39 and 56-30. If malformin
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from 56-39 is a mixture of the two malformins, the
molar ratio for valine, leucine, and Y2 cystine would
be unchanged. However, because malformin from
56-30 has a low ratio of isoleucine, the isoleucine
ratio of the mixture would be decreased. Our data
support this possibility, in that the molar ratio of
valine, leucine, and Y2 cystine closely approximated
1: 1: 2, but the molar ratio of isoleucine was low
(0.79).

SUAMMIARY
M\alformin was isolated from culture filtrates of

the fungus, Aspergillu(s niger 56-39, and found to be
a neutral peptide containing four amino acids, valine,
leucine, isoleucine, an(d '2 cystine. The molar ratio
obtained for these amino acids supported a 1: 1: 1: 2
ratio, respectively. It \as suggested that malformin
is a cyclic peptide. The molecular formula,
C23H3qN,O5S2, was proposed. The infrared spec-
trum showed strong adsorption bands at 3.01, 6.06,
and 6.54 A. A high malformin-producing strain, 56-
30, produced malformin which differed from that pro-
duced by strain 56-39. This new malformin contained
allo-isoleucine.
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