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ABSTRACT

a-aminobutyronitrile was found in Rhizoctonia solani
as a product of potassium cyanide assimilation. Labeled
potassium cyanide (KC*N) was used to study the pathways.




INTRODUCTION

Cyanide assimilation occurs in various living sys-
tems. Some species of insects are known to be able to as-

similate hydrogen cyanide and transform it into aspartic

i

acid. In some higher plants, it has been observed with

feeding experiments that hydrogen cyanide was incorporated

2

into asparagine to a considerable extent. Other investi-

gations have concluded that B-cyanoalanine is the intermed-

iate of cyanide assimilation.3

It has been proposed that
hydrogen cyanide condenses with cysteine in the presence of
an enzyme, cyanoalanine synthetase,4 to produce

B-cyanoalanine and hydrogen sulfide. This B-cyanoalanine

can then be hydrolyzed into asparagine with a nitrilase or

iz

SERINE + HCN ———SYNTHETASE—>~ N=C-CHp~C-H
COOH
B-CYANOALANINE
NH,

é NITRALASE ASPARAGINE
N=C-CH -C-H -==::::::::%;;
TRANSFERA

|
COOH 0~GLUTAMYL* B-CYANOALANINE

Figs -1

Proposed Scheme of HCN Assimilation
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condenses with y-glutamyl moiety by means of a y-glutamyl

transferring enzyme to produce y-glutamyl-B-cyanoalanine.5

Castric and Strobel6 reported, in a similar study,

evidence of the formation of asparagine and aspartic acid

from cyanide and serine by a bacterium.

COOH CooH
HyN-C-H HyN-C-H
I+ HON —SYNHETASE i
H-C-H > H=C-H
I 2
OH C=N
SERINE B-CYANOALANINE
CoOH COOH
HaN-C-H Hy0 HaN=C-H
H-C-H . L % H-C-H
lied £i0 1]
C=N 0
B-CYANOALANINE ASPARAGINE
CooH COOH
HyN-C-H R HaN-C-H
H-C-H 7 H-C-H
' ik LooH
07 NH,
ASPARAGINE ASPARTIC ACID
Fig. 2

Scheme of Incorporation of
Cyanide to Aspartic Acid
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In extending this line of research to fungus sys-
tems, Strobel7 found that cyanide assimilation in fungus
proceeds via a different pathway. A novel compound,
4-amino-4-cyanobutyric acid, was isolated as an intermedi-
ate from these studies. It was then found that the product

apparently was derived from the cyanide, an aldehyde and

ammonia
i i
H-C-H H,oN=C-N
| + NH ¢

H_?_H HCN 3> H- % y

| COOH H- ? H
| COOH

SUCCINIC SEMIALDEHYDE 4-AMINO-4-CYANOBUTYRIC

?N COOH

H2N-?-H : HoN- % H

e H-,0

H g H QL__ " H- g H

H-?-H W b a H-C-H
COOH NHg4 éOOH

GLUTAMIC ACID
Plg.+3

Scheme of Incorporation of
Cyanide in a Fungus
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Earlier, Thimann8 had reported an enzyme with the
ability to hydrolyze certain aliphatic nitriles to the cor-
responding carboxylic acids. He further proposed the fol-

lowing mechanism for this enzyme, nitrilase.9

R-C=N BEENLLS, R=C=NH ——Hy0— RC=0 4y,
E.S E.S
R-i=o R-C=0
N\ | +
El H20 v OH EISH
Fig. 4

Proposed Mechanism of Nitrilase

In searching for the presence of aldehydes in liv-

ing systems, Quinn and Strobello recently reported the

existence of propanal in Rhizoctonia solani. Propanal was

found to be a product of a decarboxylation reaction involv-

ing o-ketobutyric acid and a non-oxidative decarboxylase

found in R. solani.




CHj
L, DEESSBOXYLASE -c-0
C=0 Bl ) B CHy *+ CO,
COOH CH
o-KETOBUTYRIC PROPANAL
ACID
Fig. 5

Decarboxylase Reaction

Strobel's theory is that aldehyde, cyanide and am-
monia condense to form an a-aminonitrile which can then hy-
drolyze into an amino acid. If this is correct, the cor-
responding o-aminonitrile that would be derived from
propanal would be a-aminobutyronitrile. In order to carry
out any work to justify the above supposition, one would of
necessity have had to have access to samples of authentic
a-aminobutyronitrile.

A literature search revealed that a-aminonitriles

11 she diffi-

had a history rich in synthetic difficulties.
culty is not, however, in the synthesis but in the preser-
vation of the product. Due to the presence of the nitrile

group adjacent to the amino group, these compounds polymer-

ize very readily.
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o-aminonitriles were postulated to be intermedi-

ates in Strecker's synthesis of o-amino acids. Therefore,

one possible method of synthesis would be this process.12

Ha~=0
G- NH
I + + N |2
R KCN NH4CL 7 g H_i_CEN
Fig. 6
Strecker's Synthesis of o-aminonitriles
Strobel13

was able to synthesize a-aminopropionitrile

in unspecified yield by a modification of the procedure of

Loftfield.14 An analogous system, a-aminocyano acid, was

synthesized by Strobel15 in 1% yield.

16, a 43-63% yield was obtained for a series

In a recent paper by
Ressler, et al.

of a-aminocyano acids via an enzymatic pathway.

I TR

CHNHCOCH 2 AL > CHNH,

COOH COOH
Plg.. 7

Mechanism of Ressler's Synthesis
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The objectives of this research are-threefold. One
involves finding a better méans to synthesize any
o—-aminonitrile. Another is aiscovering if potassium cya-
nide is metabolized by the fungﬁs.R. solani. The last ob-
jective is finding the pathway of this cyanide metabolism

and the means of incorporation.




DISCUSSION AND RESULTS

Synthesis of a-aminonitrile

The initial method of synthesis was Strecker's.

This synthesis involved addition of aqueous hydrogen cya-

nide onto the carbonyl functionality of aldehydes in the

presence of ammonia.

RABEL ook N >R-CH=NH
yH2
R-CHSNH + HCN S Ryl
H
Fig: 8

Proposed Mechanism of Strecker's Synthesis
of a-aminonitrile

Tiemannl8 modified this synthesis to an amination

of Cyanohydrin.




OH
i
r-c#° HCN \  R-C-CN
i 4
gH sz
R-C-CN + NH ~C-CN +
; 3 A E CN + H20

Fig. 9
Proposed Mechanism of Tiemann's Synthesis
of o-aminonitrile

Finally, Steiger19 reported the following procedure.
Equal molar amounts of aldehyde and ammonium chloride were
stirred at 4°C. To this mixture, potassium cyanide solu-
tion was added in a drop-wise manner. After the reaction
was stirred at room temperature overnight, the mixture was
extracted with several portions of methylene chloride.

The product was recovered after evaporation of the
methylene chloride. The yield was very low. When the
liquid from the reaction vessel was evaporated, ammonium
cyanide was obtained. The possible mechanism for the reac-
tion is as given previously.

Further literature search yielded another means of

synthesis. In the procedure, cyanohydrin was synthesized
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and removed from the reaction mixture. Ammonia was then
added to the cyanohydrin.zo |

The procedure was modified by stirring in ‘ether as
a solvent for propanal. An equal molar amount of ammonium
chloride was mixed with the aldehyde in the presence of
ether. This was followed by a drop-wise addition of ague-
ous solution of potassium cyanide. The mixtufe stirred at ‘
room temperature and left to stand overnight.

It was then extracted with ether. After the ether
was removed, the residue was dissolved in methanol and
then saturated with dry ammonia. The reaction was left in
this manner for four days. When the ammonia and methanol
were removed, the crude product was cdllected in 80% yield.

It was found that polymerization was retarded if.
the product was not isolated from the methanol-ammonia mix-
ture, but allowed to stand in it.

a-amiﬁoacetonitrile was first synthesized by this
method. Subsequently, o~aminopropionitrile and finally,
the requisite a-aminobutyronitrile was synthesized.

Another means of preventing polymerization was con-
verting thé a~aminonitrile to its hydrochloric salt. After

the a-aminonitrile was dissolved in anhydrous ether solu-

" tion, gaseous hydrochloric acid was bubbled through the
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solution. The salt crystallized out of the solution in
yellowish tinted crystals. The infrared spectra of the
crystal resembled that of the free a-aminonitrile with the
shift in the amino group corresponding to the salts of
amino compounds.

For the purpose of continuing this research, pure
samples were not required. The crude product was used for

the following experiment.

Fungus Selection and Culture

a-aminobutyric acid is not a natural amino acid.
In other words, if by treating a biological system with
some chemical, the end result is a prdduction of
o-aminobutyric acid, it can be concluded that the acid is
a direct result of the chemical added.

Quinn and Strobel2l had reported the presence of
u—ketpbutyric acid in the fungus R. solani. Furthermore,
their group also reported the presence of a decarboxylase
in the same system that was capable of converting this
o-keto acid to an aldehyde with one less carbon fragment
(Fig. 3).

Therefore, the choice of R. solani as the fungus

in this work was made on the basis that if potassium
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cyanide was incorporated and a-aminobutyric acid was the
product of the reaction, then one could conclude that in-
deed the acid was derived on some way from the potassium
~cyanide added into the fungus. If one traces the possible
production of g-aminobutyric acid, one would observe from
our provious discussion that condensation between potassium
Eyanide and propanal would produce a—aminobutyronifrile.,
This nitrile could then be hydrolyzed to the amino acid by
a nitrilase.

Identification of the intermediate and the product
can be easily performed by co-chromatographing with authen-
tic samples. This would be the first report of cyanide
activity in R. solani. |

The media used for this study19 was Eckert's Modi-
fied Media, a glucose based media with Difco pepténe énd

other inorganic ions added.
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+
?Hz + KCN NHgq 3 H—?“CN
CH CHy
CH
PROPANAL a=-AMINOBUTYRO=-
NITRILE
k2 NH2
H-C-CN H-C-COOH
Yy, ———HITRILASE— [
H3 H3
a-AMINOBUTYRO~- a~AMINOBUTYRIC
NITRILE ACID
Fig.-10

Proposed Path of Enzymatic Conversion
of Propanal to a-aminoacid

Incorporation of Potassium Cyanide

Since the general reaction of potassium cyanide,
aldehyde and ammonium chloride proceeded at room tempera-
ture, one important fact had to be established before any
experiment was conducted. If there was cyanide incorpor-
ation, it would be due to some biochemical reaction of the

fungus and not just a simple chemical reaction
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A mycilial mat of a ten day old growth of R. solani
was killed with heat. Potassium cyanide was added to the
mat in distilled water. After incubating and stirring for
four days, the mat was homogenized and hot ethanol was
added. The mixture wés centrifuged with the pellet being
discarded. After the supernat was evaporated to dryness,
it was brought into soluﬁion Qith a small amount .of water.
This was co~-chromatographed with an authentic'sample of
a~aminonitrile and a-aminobutyric acid on silica gel using
a solvent system of propanol and ammonium hydroxide. A
niphydrin sensitive spot corresponding to the authentic
samples was not observed. In similar experiments using
live fungus, a faint visualization corresponding to authen-
tic nitrile could be seen.

This demonstrates that the nitrile can be detected
visually and that the living fungus is prerequisite to
reactiori. Whether the incorporation requires an enzyme is’
not established.

To show potassium cyanide incorporation, a fungus
mycilial mat was exposed to labeled potassium cyanide |
(KC*N). After each interval of 15, 30, 45, and 60 minutes,
one quarter of the mycilial mat was removed, homogenized, .

combined with hot ethanol and centrifuged. The supernatant
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DEAD MYCILIALMAT
i=—KCN
HOMOGENIZED

«w—HOT ETHANOL

Vv

CENTRIFUGED

S o
PELLET DISCARDED

-

EVAPORATION

v.—-HZO
v
T.L.C,

rig. 1

Schemratic Procedure for

Dead Fungus Experiment
was dried and brought into solution with one ml. of water.
Aliquots of the various time runs were co-chromatographed
with a sample of a-aminobutyronitrile. It was also
co-chromatographed on two dimensional thin layer chroma-
tography. The ninhydrin sensitive spots on the plates were
scraped and counted. The radioactivity at these positions
indicated the presence of a-amincbutyronitrile and

a—aminobutyric acid.
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Electrophoresis of the solution with an authentic
sample as a standard was also performed. Ninhydrin sensi-
tive spots corresponding to the nitrile was observed The
result was not conclusive due to fhe inexperience of the
researcher in this procéss. However, the trend indicated
that electrophoresis wéuld be a quick and easy way to per-
form analysis of the product and the intermediates.

The result from the thin layer chromatography
plates indicated the probable preseﬁce of B
o—aminobutyronitrile. In order to confirm this obsefvation,
. two identical volumes aliquot of the 15 minute run was
chromatographed on separate plates using different sol-
vents. Scraping of the ninhydrin sensitive region corres-

ponding to the nitrile marker and subsequent counting gave

the following data:

Table 1

Data From Two Identical Samples
Using Different Solvents on TLC

SOLVENT CPM -
N-PROPANOL/NH40H 136
HOAc/BUTANOL/H,0 138
BACKGROUND 36
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The same two solvents were used for two dimensional thin
layer chromatography. Egual volume aliquots of the same
time runs were used. Aftervscraping off the region corres-
ponding to the a—-aminobutyronitrile, the scrapings were

counted. The results were

Table 2

Data From Two Identical Samples Using Different
Solvents on Two Dimensional TLC

SOLVENT - CPM
N-PROPANOL/NH 4 OH 56
BUTANOL/HOAc/H,0 58
BACKGROUND 36

Reaction of g-aminobutyronitrile

Labeled o~-aminobutyronitrile was introduced into
the fungus and was worked up in the usual manner after ten
minute intervals. Chromatographing on thin layer plates
and subsequent counting of the ninhydrin positive region
corresponding to the ‘authentic samples gave the following

data.




18

Table 3

Data for Conversion of a—éminobutyronitrile
to o—-aminobutyric Acid

TIME 0 10 20 30 120 BACKGROUND
(MIN) o
(NITRILE) 975 763 724 645 570 32
CPM.

(AMINO AcCID) 155 153 147 162 147 34

u-aminobutyronitrile and a-aminobutyric acid were
plotted versus time (See Table 5). The result indicated
that a-aminobutyronitrile was being used up very ;apidly.
This was concluded From the fact that the line showed a
steady decreése. If the nitrile were not being consumed
rapidly, one would expect a horizontal line or one that has
just a very slight slope. However, the result was.not so,
and one would also predict that such should not be the case.
u—aminobutyrohitrile should be hydrolyzed to the amino acid.

The problematic point was that of the behaviour of
the o-aminobutyric acid. Sihce the nitrile was being used
up, the concentration of the amino acid sﬁould increase,
but that was not observed. Instead, the plot showed that

the line maintains almost horizontal.
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In order to elucidate the catabolism of the
a-aminobutyric acid, R. solani was incubated Qith labeled .
a—aminobutyric acid with labeling on acid carbon in a War-
burg vessel with a central well filled with sodium hyarox—
ide. This equipment was designed to trap any gaseous
carbon dioxide that might be generated.

The reaction was allowed to run for three hours and
at the end of each houf, the aliquots of the fungus mixture
was taken out and worked up for scintillation counting.

The sodium hydroxide solution was also counted for labeled
carbon dioxide that might have been generated. The sodium

hyroxide data were as follows:

Table 4

Data From Carbon Dioxide Reaction

TIME 1 2 3 BACKGROUND
CPM 68 53 138 35

The data was not conclusive; However, it did indicate that
carbon dioxide was given off as a by;product of the fungal
cyanide reaction. The error may have been due to inaccura-
cies in measuring out the fungal mat such that the dry

weights differ between the three runs. At any rate, the
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three hour run showed an increase in radioactiVity. This
would not be possible unless labeled carbon dioxide was
present.

Therefore, one would have to say that there was
great possibility that the a-aminobutyric acid was someho&
gotten rid of by-the fdngus. This would be'expected since
a~-aminobutyric acid was not native to the fungus R. solani.

Furthermore, tﬁe enzymes of the fungué were ex-—
tracted. o-aminobutyronitrile was thenhadded to the'enzyme
preparation. An aliquot was removed at time’intervals of
15, 30, 45; 60 minutes. This was analyzed on an amino acid
analyzer showed that there was an increase in the concen-
tration of ammonia with respect to reaction time.

This meant that the nitrile was being hydrolyzed to
the amino acid. Ammonia shouid be the by-product of the
hydrolysis of the nitrile to the acid and an increase in
the éoncentration of ammonia could only indicate that such

a reaction is occurring.
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€———— NITRILE STANDARD
> 0 | 4—————— AMINO ACID STANDARD

Plate of Adsorbosil-5 with n propanol/ammonium hydroxide
solvent. Co-chromatographed with nitrile and amino
acid standard.

Fig. 12

Typical TLC Plate

o &————— NITRILE STANDARD
44— AMINO ACID STANDARD

Plate of Adsorbosil-5 with n-propanol/ammonium hydroxide
solvent.

Figi 13

Typical Two Dimensional TLC Plate
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Table 5

Graph of a-aminobutryonitrile and
o-aminobutyric Acid vs Time

® CPM OF
A a-AMINOBUTYRONITRILE
o CPM OF
Ji a-AMINOBUTYRIC ACID
' TIME AMINOACID NITRILE
3 0 155 975
G 10 153 763
o 20 147 724
@ 30 162 645
e 120 147 570
&
6 1 i
CPM
4 +
(X 100)
2 +
& A coxt BUSir e legete o Soiut @ 0n IR TSRS Vo v s | UNEID R IRl A
0 { } t f } i
20 40 60 80 100 120

TIME (MIN)




CONCLUSION

In view of the previous discussions, one could say
that a~aminobutyronitrile was definitely present in the
fungus as an intermediate of cyanide assimilation. This
conclusion was reached on the basis that in all the radio-
isotopic studies, there was always a radioactive region
corresponding to the a—aminobutyronitrile. waever, one
must also bear in mind that this pathway was not the sole
one of cyanide incorporation. Paper electrophoresis of.
fungal reaction fed with labeled potassium cyanide, fol-
lowed by scanning by a Radio Chromatogram Scanngr, showed
that there are other regions of high radioactivity.

The above observation could be easily reconciled
with other known facts.- a~aminokutyronitrile could only be
found in the fungal reaction ﬁixture if propanal was pres-
ent. However, the presence of propanal was dependent on
the decarboxylation of o~ketobutyric acid. So, one would
conclude that the concentration of propanal would be very
minute. Therefore, the reaction product of the cyanide in¥
corporation with the aldehyde would, of necessity, be very

low.
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This work supports the idea regarding the presence
of propanal in R. solani in addition to the existence of

an enzymatic pathway that condenses cyanide, aldehyde and

ammonia.
COOH
sl |
™ DECARBOXYLASE—> CH
CHj CH3
a-KETOBUTYRIC PROPANAL
ACID
H\$(‘Q NH 3 NHo
CHa g 1 KN P i T
ENZYME H3
PROPANAL a~AMINOBUTYRONITRILE
@HZ NH2 TRANSAMINATION
H-C-CN—NITRILASE=Y H-C-COOH <::::
Ho Ho DECARBOXYLATION
H3 H3
a-AMINOBUTYRONITRILE  @-AMINOBUTYRIC
ACID
Fig. 14

Proposed KCN Pathway Yielding
o-aminobutyric Acid
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One of‘the objectives of the research was to find
‘a method of easy sYnfhesis of a-aminonitriles. This was
accomplished. However, stabilization of the nitriles after
synthesis presented a problem that would require further
work. Our means of stabilization at this moment was to
convert the free aminonitrile to its qorresponding hydro-
chloride salt. This process usually'décrease the yield |
drastically. Moreover, a suitable solvent had to be found
to accomplish this conversion. Diethyl ether was used-in
our experimenté as the sélvent, but 'the results were not
satisfactory. |

Aside from the obvious need fo get quantitative
data regarding cyanide metabolism, future work in the or-
ganic and biochemistry is possible.

The mechanism of the synthesis of a-aminonitrile is
still unknown and warrants further research. Furthermore,
if the mechanism for the-polymerization can be found, meth- -
ods can be used to prevent conditions for polymerization.

The enzymés extract could be purified and a study
of the mechanism of the énzyme reaction will be beneficial.

At present, it is not known whether a single enzyme is
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responsible for the nitrile condensation of whether it is a
series of reaction involving several enzymes. The specifi-

city of the enzymes can be studied too.




METHODOLOGY

Enzymes Extract

The enzymes extract was prepared in the following
manner. The cultural media in which the fungus was grow-
ing was discarded. The mycilial mat was then washed with
distiiled water. When the mat was thoroughly cleaned, it
was transferred to a blender and homogenized. The homog-
enate was clarified with centrifugation. The pellet was
discarded after centrifugation. To the supernatant one
thenAadded an amount of acetone that was twice the volume
of the supernatant.

Thé acetone mixture was thgn centrifuged. Since
the enzymes should be associated with the pellet, the super-
natant was discarded. The pellet was then brought into
solution with 0.01 M phosphaté buffer. Undissolved mater-
ials were clarified with slow speed centrifugation. Since
enzymes should be soluble in water solutions, the super-
natant was saved and the pellet discarded.

At this time the solution contained materials that
were not soluble in acetone but soluble in water. This
would include amino acids, proteins, ana nucleic acids.

Nucleic acids were removed from the solution with the




28

addition of a 1% protamine sulfate solution. A slow speed
centrifugation removed the precipitated nucleic acids.

All the above processes were performed in the cold
at 4°C. to prevent the enzymes from denaturing. The en-
zymes were either used immediately or frozen for future
use.

In order to further purify the enzymes extract,
some of them were placed in a dialfzing membrane and dia-
lyzed against a 0.01 M phosphate buffer in the cold for

overnight before use.
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Amino Acid Analyzer

Two amino acid analyzers were used. The Beckmann
amino acid analyzer was a completely automated system with
an attachment for print out. On the'oﬁher hand,‘the Tech-
nicon amino acid analyzer was less well equipped.

Amino acid analyzers worked on the principle of ion
Exchange chromatography. Since charged particles (com-
pounds) woula adhere to elements of opposite charges, a col-
umn that waé packed with a positively charged material will
retain negatively charged matters from a solution that was
made up of materials of varying charges. The opposite sitﬁ—
ation presides if the column was packed with a negatively
charged material. The retained matgrials would be releésed
only if a stronger charged ﬁaterial replaces it.

In ion exchange chromatography, a column was packed
with a material that was bonded into a matrix with a
charged radical. Materials that were to be‘chromatographed
were introduced into the column. After establishing equi-
librium with an inért media, usually water, the retained
material was eluted with materials of stroﬁger ionic
strength. If the retained materials were of a nature in
which the charges varied by some degrees, the eluting so-

lution could be of varied strength.
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In the gpplication of ion exchange chromatography
to:amino acid analyzer, the retained material would be
amino acids. The elutant had to be of a pH that just ex-
ceed the acidity or basicity of the amino acids that was
desired to be analyzed. By manipulating the pH and the
ionic concentration, one could achieve separation of the
amino acids.

The effluent from the column was then mixed with
ninhydrin. This ninhyarin was delivered from a calibrated
hose that quantitafively measures the rate of ninhydrin
flow. By the usual éhemicél reaction of ninhydrin and
amino compounds, the characteristic color developed.
Colorimeters in the analyzer analyzes for the purple and
yellow bands and plots out the % transmittance by means of
a recorder. The area under the curve would be a quantita-
tive representation of the amino acid présent. |

The Beckmann amino acid analyzer had a construc-
tion which completely isolated the instrument from outside
environment. Samples were injected into the sample con-
tainer and the area was flushed with nitrogen. By opening
appropriate valves, the samples were placed onto different
columns. The column was eluted with buffer and the efflu-

ent was allowed to react with ninhYdrin. The result was
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plotted out on a recorder. The area under the curve was
automatically integrated and printed out on a tape simul-
taneously with the time by which the peak height was

reached.

SAMPLE
4«—BUFFER

N2
COLUMNS

<—— NINHYDRIN

v
HEATING COIL

v
CALORIMETER

.
RECORDER

45

PRINT OUT

Yig. .16

Schematic of Beckman Amino Acid Analyzer
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The Technicon amino acid analyzer was similar.
However, this instrument was only semi-automated. The sam-
ple was introduced into the system via direct placement onto
the column. The buffer solution was then pumped onto the
column where ion exchange occurred. The effluent was mixed
with ninhydrin and the mixture was then analyzed on two
colorimeter. This result was plotted on a recorder. No
integration capacity was present on this instrument and

quantitization was by means of the half height method.

SAMPLE
[?UFFER
COLUMN > % HEATING COIL~——> COLARIMETER
NINHYDRIN _J,

RECORDER

Fig. 17

Schematic of Technicon Autoanalyzer

Standards of samples to be analyzed had to be ana-

lyzed previous to any actual runs.
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Radioisotopic Technique

Radioisotopic'counting was achieved by means of
liquid scintillation counting. Liquid scintillation count-
ing is a method of detecting radiocactivity by means of a
solution of fluors and a photomultiplier'tube. The fluor
diséolved in a solvent or solvent mixture and at the same
time acts as a solvent for the Sample_

The scintillation solutionAconverts to light the
energy of the primary particle emitted by the rédioactive
sample. A secondary fluor is used to shift the wave length
of the emitted light to the range of about 4100 i, which is
the most efficient wavelength for detection by the photo-
multiplier. The photo tube respondé to this light energy
by prodﬁcing a ch;rge pulse which cén be amplified and
counted by a scaling circuit.

'In our work} since the sample was in a water solu-
tion, Bray's solution for scintillation counting was used.
The'solution has the ability to take up to 20% of its vol-
ume in water.

For scintillation counting of paper chromatograms,
a radio Chrématogram Scanner was used. The strip of paper
was passed through the Geiger—Muller.counter of the system

and the result plotted on a recorder.




EXPERIMENTAL

Nuclear magnetic resonance spectra were run on a
Varian A-60 Nuclear‘Magnetic Resonance Spectrophotometer
using deuterated water as a solvent and TMS as an internal
~standard.

All boiling points are uncorrected.

Ammonia was analyzed on a Beckman Model 120 C
Amino Acid Analyzer. It was also analyzed on a Technicon
Auto analyzer.

Radioisotopic-counting was counted on a Beckman LS
100 Liquid Scintillation Systeﬁ and also on a Packard Model
7201 Radio Chromatogram Scanner System. | |

Infrared spectra were run on a Beckman IR 5 A Infra-

red Spectrophotometer.

Solvents for Thin Lajef Chromatography

| Two solvent systems were used. 'One_contained
n-propanol and ammonium hydroxide in the ratio of 66:33.
The other solvent system was made up of l-butanol, acetic

acid and water in the ratio of 3:1l:1.
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Buffer System for Electrophoresis

Electrophoresis was performed with a 2% formic

acid buffer.

Synthesis of o-aminonitrile by Teimann's method18

Equal molar amount of potassium cyanide, ammonium
chloride and ammonium hydroxide in water solutions were
stirred and cooled. After the components were equilibrated
the aldehyde was added. The reaction was stirred and re-
fluxed for six hours, and the product collected by

evaporation.

Preparation of a-aminoacetonitrile

\Ha

H-?-CN
H
6.5 gms (0.1 mole) of potassium cyanide was dis-

solved in 10 ml of water. 5.9 gms (0.11] mole) of ammonium
chloride in 14 ml of water was added and finally 6.7 ml of
28% ammonia ammonium hydroxide (0.1 mole) was stirred in and
the whole reaction mixture cooled in an ice bath.

10 ml of formaldehyde in 16 ml of methanol was

added and the reaction was stirred at 100°C. for six hours.
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The product was collected by distillation at aspirator
pressure. bp1534°C. Yield was 2.5%.

The a-aminoacetonitrile was converted to hydro-
chloride salt with gaseous hydrochloric acid. The crystals
were compared with authentic samples of a-aminoacetonitrile

hydrochloride. The infrared spectra of the two matched.

Preparation of o-aminopropionitrile

i
CH3=C-CN

25 gm (0.5 mole) of sodium cyanide was dissolved in
50 ml of water. 29.5 gm (0.5 mole) of ammonium chloride in
70 ml of water was added followed by 33.5 ml of 38% ammon-
ium hydroxide.

After stirring in an ice water bath, 72.5 ml of
acetaldehyde was added. The reaction was allowed to react
for six hours at 100°C. Distillation did not affect the

desired product but instead left an intractable mass.

Synthesis of a—-aminonitrile with Lowy's method20

Equal molar amount of ammonium chloride, aldehyde
and potassium nitrile was stirred in a water solution for

two hours at room temperature. The mixture was then allowed
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to stand overnight. It was then extracted with 30 ml of
ether six times. The ether was removed by distillation
in vacuo. The residue was dissolved in 80 ml of methanol
and saturated with dry ammonia in the cold. It was then
allowed to stand for four days at room temperature. The
product was collected after the removal of ammonia and

methanol by distillation in vacuo.

Preparation of a-aminobutyronitrile

Ho

CH3—CH2' -CN

(), —

12.7 gms (0.24 mole) of ammonium chloride was dis-
solved in 32 ml of water at 0-5°C. and stirred while
12.2 gms (0.21 mole) of propanal in 50 ml of ether was
added. This was followed by a solution of 14.3 gm
(0.22 mole) of potassium cyanide in 22 ml of water added
drop-wise.

This was allowed to stir for two hours at room
temperature and then left to stand overnight. The reac-
tion mixture was extracted six times with 30 ml portions
of ether. The ether was removed and the residue was dis-

solved in 80 ml of methanol. Dry ammonia was added to the
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methanol solution till saturation as indicated by no change
in temperature. This was allowed to stand for 4 days at
room temperature. .

Excess ammonia was remsved with dry nitrogen and :
the solvent evaporated to leave to leave
d—aminobutyronitrile. The crude yield was 78%. Any at-~
tempt of purification met with polymerization. The crude
produce ranged in color from brown to light yellow._‘Coﬁ—
firmation of structure wés obtained by hydrolyzing the
qrude product with 6N hydrochloric acid to its corres-
ponding amino acid. The amino acid compared identical with

authentic a-aminobutyric acid.

Enzymatic Reactions

Reaction with Enzymes Extract

0.5 ml of enzymes extract was added to 1l mlof
0.05 M phosphate bﬁffer, pH 7. To this was added 1 ml of
‘a—aminobutyronitrile. The reaction was allowed to proceed .
for two hours at 37°C. with aliquots taken out at ten

minutes intervals.
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Reaction with Whole Fungus

The fungal mycilial mat was washed with distilled
water and then was cut into four equal portions. 100 ml
of water was introduced into the container and followed by
potassium cyanide in a water solution. The reaction was
allowed to proceed for one hour with one portion taken out
each 15 minuytes.

The gquarter was homogenized and equal volume of hot
ethanol was added to the homogenate. The mixture wés cen-
trifuged and the pellet discérded. The supernatant was
evaporated to dryness,”énd one ml of watef was added to
the residue. If precipitate was still.present,'it was
clarified and evaporated to dryness again. When the solu-
tion was finally free of precipitatés, a 0.1 ml aliquot

was taken and chromatographed on thin layer plates.

Reaction with. Homogenized Fungus

As an alternative to the above procedure which did
not insure equél portions of fungus in either quantity.or
age, the foilowing procedufe was alsovtried.

Fungal mycilial mat was initially homogenized.

Equal aliquots of the homogenate was introduced into four
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flasks and at fifteen minute intervals, one flask was re-

moved and worked up as in previous section.

Medium for R. solani

Eckert's modified medium was used for culturing

the fungus.
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