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ABSTRACT

PART X

A method of preparing two purified tumor-growth inhibiting frac-
tions (fractions IV and V) from the mushroom Buletus edulis is:
degeribed. An in vive assay employing mouse sarcoma 160 was used
throughout tlis work. The activity of the various preparations varied
from a (2 =) to a (& +) effect. Toxleity was displaysd by nsarly all
of the samples tested,

In the method of preparation the mushrooms were extracted with
0,05 per cent sodium sulfide selution., This extract was mads 30 per
cent avetone and cemtrifuged at once, The residue was discarded, and
the supernatant wag designated fraction I, Fraction I was made a total
of 70 per cent acectone and centrifuged after standing ovarnight, The
supernatant waa discarded, and the residue was designated fraction II,
Fraction II was suspended in ©,05 per cent sodium sulfite solution and
dlalysed, The diffusate (outside solution) was discarded., The di«
alysate was designated fraciion III, Fraction III was buffered at
pH 6.k with phosphate buffer (by adding the dry salts). The buffered
fraction IYI was chmma%ngﬁpma on a Dowex 50 x 12 column, 4n activity
wag eluted with 0.3 M sodium chloride solution (fraction IV) and with
3.0 M sodium chloride solution (fraction V), Fraction IV was dialyzed
and a solid product cbtained from the dialysate, 4 solid product was
also obtained from fraction V, howsver, it d4id not possess tumor inhibit-
ing activity,



Fraction IV, chloride free and in the dry state, was hydrolyzed
with acid and also with alkald, The hydrolysis products were studied
using paper chromatography. A preliminary terminal Negroup analysis
was alse made, On the basis of this study it was postulated that
fraction IV contains a cyclic peptide composed of 10 amino acids and
an uninewn "basic substence®, A4n infrared spectrum tends to support
the peptide nature, The "basic substance" aeppears to bave an alisorp-
tion maximum at 276 ma, in a water solution,

PART 1IX

Formaldehyde~G — was hydroponically sdministered to thres groups
of 30 tobacco plants., The tobacso plants were of the high nicotine
strain Nicotisna rustica L., var, humilis. After a 7 day growth peried
the nicotine was isolated and its radloactivity determined, The
nicotine was demethylated and the methyl group counted as methytriethyl-
ameonivm lodide, Within the limits of experimental error, all of the
radicactivity of the nicotine molecule was found te be contailned in
the methyl mnp.

The postulation was made that formaldehyde or, more likely a close-
1y related compound, is an important metabolic precursor of the nicotine
H-methyl group.
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THE ISOLATION OF TUMCR-CROWTH INHIBITORS
FROM BOLEIUS EDULIS



CHAPTER I

INTROINCTION

Chemotherapy of canser may be considered as involving the use of
chemicals for the preferential distruction of tumor cells without
degtroying the tumor bearing host, "It is almost -- not guite, but
almost «~ as hard as finding some agent that will dissolve away the left
ear, say, yob leave the right ear unharmed: So slight iy the difference
between the cancer cell amd its normal ancestor® (1),

Though early references go back a mumber of years (1), experimental
cancer chemétheragy has largely come of age during the past decade,
Greenstein (2) in 19LT found it necessary to devote approximately ten
pages, out of a total of appreximately three hundred fifty, to chemo-
therapy. In his second edition {3) published some seven yearaz later he
devotes approximetely fifty-seven pages cut of a total of approximately
six hundred, with the added remark "No attempt will be made in these
pages to cover the burgeoning area of the chemotherapy of cancer."

0f the many preparations tested as chemotherapeutie agents for
cancer, plants have shown some promise of containing effective materials,
Belkin, et &1, (4,5,6,7) have screened a large mumber of plant extracts
using mouse sarcome 37 &8s an assay tumor, Included in this greup were
seventy=eight plants which are used as cathartics, diwretics and pesti-
cides, They also tested extracts prepared from a large mmber of
conifers, Approximately one~third of the extracts tested showed some



tumoy inhibiting activity whereas only a very few produced what these
authors refer to as & “strong effect™,

Mcleod and Ravensl (8) prepared extracts of several fungi among
them Wm and the yeast Saccharomyces cerevisiae, ’i‘hay
report having treated about 150 cases of advanced neoplasms with
jmprovement in practically all patiente although no cures were re-
ported, Crude filtrates of 4spergillus fumigatus were found to inhibit
sarcoma 180 (9), In a continuation of the work on Aspergillus fumigatus
the active principle wae revealed to be a toxic protein {10),

The amino acid analogue azaserine, O-diazcavetyl-L-serine, was
isolated from a culture broth of a Streptemyces (11,12,13). Azaserinme
is offective against sarcoma 180 at domes of 12 mg./kg,./day (11).

Reilly et al, (1h) screened thirty-three antibiotics using the
sarcoma 180 assay., Of this number nons displayed as marked an effect
as the protein preparation from Aspergiilus fumigatus mentiened above.
Only the antibiotic actidione showed a alight retardation at a dose
which did mot elicit toxic manifestations to the host., Four other
antibiotics showed a slight inhibitien at a dosags 1@%?. which was
toxic to the mouse,

The antibiotic puromycin isolated from the mold Sireptomyces
alboniger (15) exhibits a medium activity against transplanted mammary
adenocarcinoma of the C3H mouse (16,17) amd an appreciable activity
against glioblastroma cultivated in chick embrye {17). This antibiotic
has been shown to have the structure Mimthyl—?-(;-p-memuwe}»
phenylalanyl-amino-Deribosyl)-purine (18), Puremycin has been degraded



to the compound 6-dimethyl -mim@s(31~mm~ﬂ ~D=ribofuranosyl)purine
(16). This "amino nucleoside” was found o be highly effective against
the transplanted mammary adenocarcinoma of the C3H mouse,

Nebularine, 944 -Deribofurancsyl)purine, isolated from the mushroom
Agaricus nebularis Batsch, (19,20) exmhibits a greater toxicity to
sarcoma 180 cells in tiasue culture than to enbrycnic mouse skin cells
(21),

Incas (22) has screenscd various extrécts prepared from several
mushrooms grown in subwerged cultures against the sarcoma 180 assay,

He reports:. the elaboration of tumor inhibiting principles by Collybia
longipes, Clitepilus abortivug, Lipiota rhacodes and Calvatis maxims,

In 1950 Iucas (22) ebaerved that a water extract of the dehydrated
fruiting bodies of the mushroom Boletus sdulis would inhibit the growth
of sarcoma 180, Ritehie {23) describes a procedure fer the concentra-
tion of the active principle from a water extract of Boletus edulis
involving acetone fractionation of the water extract, Be obaserved
lability of the active prineciple %o both an acid and an alkaline medium
and also a stability of the active prineiple toward dialyeis,

The present work was undertalsn #s a continuation of the work by
Imcas (22) and Ritehie (23), The scope of the problem was the isolation
and possible characterization of the substance(s) responsible for the
tymor inhibition observed against Crocker mouse sarcoma 180,



CRAPTER 1T

The tumor-growth inhibiting activity of the various samples was
determined at the Sloan-Kettering Institute for Cancer Research in
New York City (2h,25) using an in vivo assay,

Preliminary %o the inhibition test the mouse toxieity was determined
by giving a single dose of the sample at various levels, For the inhibi«
tion test the maximam tolerated dosage was used,

Five female Swiss albino mice weighing 18-22 grams were used for
each bio-assay, Unifermly cut pleces of Crecker mouse sarcoma 180
(ca. 5 mg. wet weight) wers implanted by trocar subcutansously in the
right axillary reglon, Twenty-four hours after the implantation therapy
wap initiated and continued for seven successive days., The sample being
tested was usually injected into the peritonsal cavity, Twe injections
were given daily, On the day following the last injection each mouse
was woighed and the change in weight from the day of implantation was
recorded, The weight change for each member of the group wes averaged
and the resulting figure was considered representative for that group,
Tumor diameters were measured through the skin by means of calipers.

The largest diameter was seleched rpr one measurement and an axis perpen=-
dicular to it was taken for a second measurement, The two diameters

were averaged for each mousze to obtain an average tumor diameter,



This parameter was averaged for the group and will be referred to as
the tumor diameter of the treated mice in future discussions,

4 second group of five mice were treated in the same manner except
that they were given an equivalent amount of physiological saline twice
daily for seven days, This second group of mice served as the controls,

The inhibition of the tumors in the treated animals was based on
the development of the tumora in the untreated (saline injected) mice.
The weight change of the treated animals was also compared with the
weight change in the eontreol group,

Interpretation of Assays

The single dose toﬂcity test results were reported as numbers
between the limits of 0.5 and 5,0, The smaller number represented ex-
treme toxicity acesmpanying a single dose of 0,5 ml, and 5,0 represented
non-toxicity accompanying a single dose of 5.0 mi, Numbers between
these two arbitrary limits represented gmdaﬁons‘ of toxicity,

The weight change was reported as the ratio of the average weight
change in the treated animals to the average weight change in the control
group.

In the inhibition test the following arbitrary scale was employed
for grading the effacts of the various samples on tumor growth, This
grading was as follows:

Marked inhibition (+) ~- Tumor diameter of treated group less than
25 per cent of the value for the control group.

¥ovd inhibitien (:+)' -« Tumor dlameter of treated group between

2¢ and 50 per cant of the value for the control group,



Slight inhibition {Iw) ~« Tumor diameter of treated group between
50 and 75 per cent of the value for the control group.

No effect («) == Tumor dlameter of treated group greater than 75
per cent of the value for the contrel group,

Questionable effect (?) ~- Thie designation was used when three or
more miee died during the course of the inhibition test., Most of the
samples giving a questicnable effect ware retested at a greater dilution,

The effact and various other aspects of the assay result from the
various samples tested will be given in the text. The complete assay
result of the various samples will be given in the appendix,

Discusglion of Assay

Sarcoma 180 was chosen as the assay tumer because of its nearly
100 per cent transplantability, low regression rate, rapid growth, lack
of host sitrain regquirement and its apparent intermediate sensitivity to
several adverse agenis (26), Approximately 9600 compounds and many
patural products have been screened against this tumor (26), Of this
number 12 have given a (+) result (26), Confidence in the assay arises
from the fact that all 12 of these compounds have shown benefits to
certain forms of buman cancer (26).

On the other hand this assay has many objectionable features when
used as a standard laboratory tool for isolation work. Although the
actual assay period only extends over & period of ssven days, addi~
tional time was reguired for toxicity studies, for shipping the samples
to New York City and for mailing the resulis back to this laboratory,



With the very best comections, this amounts to a minimum time interval
of three weeks, Such a time interval between preparation and testing
eliminates the possibility of the activity being checked at various
points throughout the course of a long and involved isclation procedure,
It also introduces the possibility of the activity being destroyed or
diminished due to such factors as time and bemperature variation between
the preparation and the testing of a sample,

A second objection was the fact that the assay routinely requires
80 ml, of test solution, During the sexperimental work involving ion
exchange resins (see Chapter III) it would have been particularly desir-
able to have had an assay which could have been used with & much smaller
volume of test solution,

A third objection was due to toxicity manifestations, With only
two or three exceptions the samples prepared in this work were toxic %o
the mice, This necessitated a small dose being given and a subsaguent
effect of (:-) at best, The test therefore bacomes merely a qualitative
assay showing only the presence (I«) or absence (<) of activity. This
sitﬁation was remedied to a largs degree when the Sloan-Kettering group
eonsented to supply us with tumor dlameters,

A fourth objection arose when it became difficult to distinguish
between significant inhibition and normal biological variation, Ais a
result of this condition a "significant trend® will be reported in a
few cases although sufficient activity did not exist for the sample to
be graded a {I-=). In this same connmection, in a few cases the control

tumor diameter was very small (<< 1 em,). Considerable doubt arose



a8 to the validity of these results since the control tumor diameter
was ordinarily greater than 1 om,

It would be very desirable to have an assay which did not include
the objections mentioned above, A chemical assay would be very desir-
able, However, at this writing no such assay has been devised.



CHAPTER III

JSOLATION PROCEDURE

The Boletus edulis used in this work was obtained from Germany
where the fungus grows naturally in wooded areas, After the mushrooms
were gathered they were partially dried and packaged for shipment,
Following receipt of the mushrooms they were dried at about 37° ¢. for
about 48 hours as a safe-guard against spoilage, They were then stored
in well closed metal cans until used,

The mushreooms used in this work were taken from five different
mashroom crops all of which were shown to contain an active principle,
but in varying amounts,

Eihrution

In the early portion of this work the extraction teechnique develop~-
ed by Ritehie (23) was used, This consisted in drying the mushrooms
to the point where they could be ground to 60 mesh in a Wiley mill,
They wsre then extracted with distilled water in a Waring blender, The
ratio of sample to distilied water varied between the limits of 1:10
and 1330,

This extraction procedure necessitated the mushrooms being dried
to a very low moisture content., It also resulted in an extraction
mixture which was very difficult to filter.
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In an early attempt to remedy one of these difficulties the mush-
rooms, ground to 60 mesh, were extracted by stirring with a mechanical
stirrer, This lmproved the filtration somewhat. However, the process
was still quite time consuming, especially if & large preparation was
to be carried out.

In the course of thig early work it was also obaerved that the
water extract darkened censiderably during the filtration and also dur-
ing the subsequent manipulations. Inasmuch as it wasz felt that some
of the toxlcity displayed by the samples in the mouse test might be
due to oxidation products formed during the preparation, an attempt was
made to eliminate this darkening of the extract,

The poasibility of using a 1 per cent solution of ascorbic acid as
an extractant was investigated briefly, This extraction medium did
appear to inhibit the discoloration of the extract, However, it also
lowered the pH to about 4.6, Inasmuch as it would be necessary for the
activity to remain in the presence of this acidity for several hours a
more neutral extractant was thought desirable in view of the acid lability
observed by Ritchie (23)., 4 0,05 per cent sodium sulfite solution was
used as the extraction medium in a subseguent experiment, Although con-
siderable discoloration of the extract still took place this extraction
medium did inhibit darkening t6 a signlificant extent,

Ap a result of these observations the extraction procedure used
throughout most of this vwork consisted in extracting the mushroom pieces
(without grinding) with a 0,05 per cent solution of sodium sulfite in a
weight weight ratio of 1410 by mechanical stirring for about 15 mimtes



at 7° C, This extraction mixture was then filtered through cheese

cloth and the residue re-gxtracted with the sodium sulfite solution in

a ratio of 115, This extraction mixture was filtered the same as before,
The resulting residue was discarded, The two filtrates were combined
and used for future work,

Thirty Per Cent Acetone Frecipitation

Ritehie (23) investigated the possibiliity of using acetone as a
precipit#nt in the range of concentration from 30 %o 90 per cent {(v/v).
The most successful acetone precipitation investigated by him consisted
of making the water extract 90 per ceat acetone (v/v) and filtering
immediately. The residue was found to be inae%ivg whereas the active
principle was recovered from the filtrate after standing an additional
12.5 bours at 7° C,

An attempt was made to duplicate this procedure, The results are
given in Table I, The wushrooms were extracted as deseribed by
Ritchie (23), Column (a) in Table I gives the sample number, column (b)
the concentration of acetone usged and colum (c) the effect shown in
the tumor assay describad above,

Prom thess resulis it can be seen that some of the activity was
precipitated immediately upon the addition of acetone in the concentra-
tions shown in Table I, It therefore seemed desirable to alter this
pertion of the technigue in such a n;annpr as to eliminate precipitation
of activity at this point. |
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THE TMMEDIATE PRECIPITATION OF THE ACTIVE PRINCIPLE
Bx VARIOUS CONCERTRATIONS OF ACETONE

Sample Concentration

Number of Acetone Effect
{a) (b) (o)

— . Per Cent — _

1101 8o (7)
L108 90 (==
L1 95 (2)
1113 90 (=)

Acetone was therefore added slowly to the original extract until
an abundant viscous precipitate was well formed. The acetone concen-
tration was found to be 4O per cent (v/v), This viscous precipitate was
removed by filiration, suspended in water and tested for activity (11292.),

Inasmuch as activity was lost at an acetone concentration of LO per
cent an experiment was carried out in which the acetone conecentration
vas decreased still further, It was observed that a rather abundant
viae;mm precipitate formed soon after tvhe addition 61‘ acetone to a concen-
tration of 30 per cent (v/v). This precipitate, when removed by filtra-
tion, suspended in water and tested also showed the presence of tumor
inhibiting setivity (L1363-),

Due to the natuve of the precipitate which formed at an acetone
concentration of 30 per cent the filtration at this point was quite slow,
It waz therefore considered possible that if the precipitate could be
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removed more rapldly the loss of activity might be decreased, in experi-
ment was therefore carried cut in which the preparation was centrifuged
in a Sharples ecentrifugs immediately after being made 30 pei- cent acetone,
Upon opening the Sharples centrifuge bowl a very dark colored fibrous
residue wvas found %o be present in the lower portion of the bewl and a
1ight colored fine residue near the upper portion, Thess two types of
residue were separated, insofar as was possible, and suspended in water,
The susponsion resulting from the lighter colored material was tested

as sample (1,J19-) and that from the darker volored residue as sample
(L320-), Inasmuch as there was mo indication of the loss of activity in
this 30 per cent acetone residue, the above precipitation technique in
which the preparation was centrifuged in the Sharples centrifuge, was
used throughout the remainder of this work, The supernatant resulting
from centrifuging the 30 per cent acetons solution was designated
fraction I,

Seventy Fer Cent Acstons Frecipitation

A a result é.-f.‘ eanﬂMtimna mentioned below ’ the precipitate
which forms betwsem the limits of 30 and 70 per cent acetone was
collected throughout almost all of this work,

The lower limit of 30 per cent was selectsd from considerations
mentioned in the previcus section, The upper limit was chosen partially
as a result of that sawme study, After discarding the residue which
formed at an acetone concentiration of 30 per cent 1% was desired to
solectively precipitate the active principle if possible. When the ob-

. gervation was made that some of the activity was precipitated almost



immediately even at an acetone concentration of 30 per cent, it became
apparent that the greatest selsctivity might result if a relatively low
acelone concentration were used to precipitate the activity, providing
sufficient time was allowed for precipitation to take place, A relatively
low acetone contentration also seemed to be desirable inasmuch as the
poseibility of the losy of activity dus to a high acetone comcentration
had not bsen investigated to any great extent. Also, the cbservation

had been made by Ritchie (23) that the precipitation of the active
pﬁnciyle appeared to be complete at an acetone concentration below 68
per cent.

With these considerations in mind, acetons was added to a fraction
similar to fraction I to a total concentration of 60 per cent, The
difference between the fraction used here and fraction I was that the
tirat watom precipitation was made with LO per cemt acetons rather
than 30 per cent as in fraction I, At an acebone concentration of 60
per cent a precipitate seemed to be well formsd, This preecipitate was
removed after nine hours standing by centrifugation, suspended in water
and reprecipitated by adding acetons to a concentration of 60 per cent,
The preeiplitate was collected the second time by centrifugation after
12 hours, suspended in water and tested as sample (L121°.), The prepara-
ticn was repeated with one alteration, the first precipitation wae
allowed to take place for six hours, lnstead of 12 hours as used in the
previous case, sample (11227), 4 preparation was also earried out in
which only one precipitation with 60 per cent acetone was used, The
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precipitate was collected by centrifugation after only two hours stand-
ing. This precipitate was suspended in water and tested as sample
(1128-.),

Saveral preparations wers alsc carried out in which fraction I was
made 70 per cent acetone, In one of the first of these fraction I was
made & total of 70 per cent acetone and the precipitate collected after
two and one-half hours by filtration with suction on Whatman Ne, 2
filter paper. 7This residue when puspended in water was tested as sample
(L135-)(retest=-) .

In a s)ightly later preparaticn the precipitate which formed after
three hours was cellected by filtration as before, However, a second
precipitate was also collected by centrifugation after allowing the
filtrate frem the three hour filtration to stand a botal of 6 hours at
7° C. The precipitate which was collected after three hours was not
tested for biological activity at this point but was extracted with
n-butanel by a technigue to be described later, The agueous layer was
tested for bicloglcal activity as sample (L1L63-), The precipitate
which formed between the time interval from three hours to 6L hours was
suspended in water and tested as sample (L150-),

In & third experiment, using acetons as a concentration of 70 per
cent, the preparation was allowsd to stand for 20 hours at 7° C. before
collecting the precipitate, The precipitate was colleeted by centrifu-
gation, suspended in water and tested as sample {L1952-),

The biological assay does not permit an accurate evaluation of the
two methods of preparation, However, after considering Ritchie's (23)



16

observation mentioned above and the experiment in which the activity did
not appear to be destreoyed after standing in the presence of the high
acetone concentration for 20 hours, it was concluded that a precipita-
tion with acetons at a concentration of 70 per cent might be preferred.

Fraction II is therefore designated as the precipitate obtaimed by
centrifugation after adding acetone to fraction I to a total concentra-
tion of 70 per cent and allowing the precipitation to take place overe
night at 7° G,

Stability of the detl f
With but ome exception, the activity was found to be nen-dialyz-

able, Ritchie (23) also observed the stability toward dlalysis,

In the one experiment in which activity might have been present in
the diffusate (outside solution), the preparation of fraction II was made
at the Upjohn Cempany at Kelamazoo, Michigan using § kg. of mushrooms.

4n exact duplicate experiment was never ocarried out, However, two
experiments were carried out to determine the loss of activity due to
dialysis of fraction II when dissolved in 0,05 per cent sodium sulfite
solution, In the £irst of these fraction II from 200 g. of mushrooms
was dissoived in the sodium sulfite sclution and dialyzed against 2200
ml. aliguots of distilled water. 4n aliguot of the first 2200 ml, of
diffusate was tested as mample (L380«), In the second experiment
fraction II from 300 g, of mushrooms was ugsed and the first three ali«
guots of the diffusate collected, The diffusate was concentrated to a
volume of 75 ml, on the revolving concentrator described by Craig et al.
(27). The temperature of the sample was maintained at 25° C, or below
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during the 2 hour concentration procedure. The 75 ml, concenirate of
the diffusate was tested as sample (L389-).
~ In both of the experiments just described the dialysate (inside
solution) contained activity (L361%+) and (L38824),
In all future experiments fraction YT was suspended in 0,05 per
cent sodium sulfite gelution and the mixture dialyzed, The dialysate
(inside solutiocn) was designated as fraction III,

ractions I, IT and IIT

ey

As a result of the experiments described in the previous sections

the experimental procedure outlined in Figurs 1 was uged for the
preparation of fractions I, II and IIX, During the experimental develop
ment of this method of preparation quite small amounts (15 to 30 g.) of
mushrooms were used for each experiment, However, as the development
of the method progreased larger amounts of the crude material were used
to oliminate unnecessary repetition of the actual operations involved,
Therefore iu ;sha experimental procedure which follows the volumes and
weights of the various fractions ars based on 1 kg, of erude starting
material. 4 relatively largs amount of fraction IL resulted from this
amount of starting material and it was used for further work on the
purification of the active prineiple,

In this method of preparation all operations except the actual centri-
fuging ware carried out at ?0 ¢, using precooled solutions and equipment,

Ten liters of 0.05 per cent sodium sulfite selution were placed in
a large glass cylinder about 30 cm, in diameter and 46 cm, high, having



PIOGURS 1

PREPARATION OF FRACTIONS

I, IT and IIX
Crude mushroom (not ground)

1, cxtract with 0,05% aqueous NaySO5; solution (1:10 w/w) at 700.
2. Filter through cheaese cloth,

Filtrate . Residue
1, Extract with 0,05% aq,
NazS0; sol. (115) at 7°C.
2, Filter through cheesge
cloth,

Combined filtrates o Residue
Make 30% acetone at 7°G, (discardsd)
Centrifuge in Sharples centrifuge.

1

Supernatant Hesidue
Fraction I {(discarded)
Add acetone at 7°0. to a total
concentration of TO%. o
Allow to stand overnight at 7 C,
Centrifuge in Sharples centrifuge,

- 1

Supernatant Hegidue
(discarded) Fraction II
1. Suspend in 0,05% Na,SOgy
solution at 7°C,
2. Dialyze 2L hours.

Diffusate Dialysate
(discarded) Fraction ITI

10
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4 volume of about 24 1, The cylinder was equipped with a stainless
steel stirrer attached to an electric stirring motor., One kilogram of
mushrooms wers added and the preparation stirred vigorously for 15
minutes . '

The extraction mixture was then filtered through three layers of
chaese cloth imto a 10 gal. milk can., The cheese cloth, containing the
residue, was imeaded to obtain as much filtrate as possible, The residue
was transferred back to the large glass cylinder and re-extracted by
the same teclnique using 5 1, of the godium sulfite solution, This
extract was also filtered into the milk can, The total volume of the
combined extract was 12 to 13 1,

Acetone was added to the combined extract with stirring to a con-
eentration of 30 per cent (v/v) and the preparation centrifuged at once
in a Sharples centrifuge using a polyethylene liner in the centrifuge
bowl, 7This liner facilitated the easy removal of the residue which
tamd in the bowl, The bowl and liner assesbly were precooled before
being used. However, the centrifuge was not located in a cold room,

The flow of liguld through the centrifuge was &d:}uﬁte&, by means of a
screw clamp on the feed line, such that a clear supernatant resulted,

At the conclusien of the centrifugation the supermatant (fraction I)
was immediately returned to the cold room (7°C.). It usually reguired
about two hours to run through the preparatien up te the point where tle
above supernatant was returned to the cold room, The residue contained
in the centrifuge bowl was discarded, Acetone was added to the super-
natant to a total concentration of 70 per cent with stirring, The prep-
aration was then allowed to stand overnight at 7°C,



The following morning the preparation was again centrifuged in the
Sharples centrifuge using the technique described abowe, In this
centrifugation the majority of the supernatant was decanted from the
precipitate which had formed on standing., Using this technigue a more
rapid flow rate could be used throughout the first portion of the centri-
fugation,

Inmediately wpon completion of the centrifugation the polysthylene
liner, containing fraction 1I, wes removed from the centrifuge bowl and
droepped inte a 1 1, graduated eylinder contal
sodium sulfite solution, The solution was stirred with a stirrer made

ing 1 1, of 0,05 per cent

by sealing the ends of a piece of polyethylene tubing, When turned
slowly, by means of an electric stirring motor, this stirrer acted with
somevhat of a whip action and was quite effective in accomplishing the
suspengion of the reaidus,

After stirring for about two hours the solution plus any solid
material still adhering Yo the polyethylsne liner was transferred to a
Vieking casing and dialyzed against about 10 changes of distilled water
{total veolume abort 50 1,) for 2L hours at °c.

The dialysis apparatus used was of the "rotating extermal liquig®
type described by Djang et 81.(28), Using this apparatus the dialysis
membrane is immersed in a cylinder eccentrically to facilitate agitation ’
with consequent shortened equilibrium, The cylinder was rotated by a
fractional horse power motor at & speed of about 50 rpm,

At the end of this dialysis period complete solution apparently re-
sulted inasmuch as no visible residue was obtained by filtering the
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dialysate through a coarse sintered glsss funnel, The dialysate,
designated fraction ITI, varied in volume from about 1200 ml, to about
1560 ml. in the variocus preparations. This solution wes divided into
aliquots of a size depending on the expected future manipulations and
stored in the deep freege until used,

Fragtion III contains abeut 22 mg., of solid mte;ri.:;_l per gram of
erude mushroom used in its preparation. This value was obtained by
taking duplicate 10 ml, aliguots of fraction IIT and drying them to
constant weight at 105°C, From the crude mushroom equivalence of
fraction IIT in terms of g./wl, and the dry weight of the residue, the
milliigrams of dry matter obtained per gram of crude mushroom was calous-
lated,

Digcussion of the P -ation of Fractioms I, IT, and TIT

The original sxtraction presents no operational difficulties, Some
swall bits of mushroom did ge through the chesse cloth filter, However,
these are conveniently removed at a later step (the centrifugation of
the 30 per cent acetone solution), The residue remaining after the
second extraction has never been extracted & third time to determine the
completeness of the extraction procedure, However, Lucas (22) demon-
strated that activity was extracied after morely soaiking the mushroom
pieces, without stirring, for a pericd of only three mimutes, 4is a re-
sult of this observation it would seem that the extraction should be
essentially complete when carried out as described in the previous

saction,
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The nature of tle subatance(s) reaponsible for the extensive dise
coloration cbserved during the extraction and especially during
exposure of fraction IY to air has not been investigated, Most mushe
room species do contain polyphenol oxidases (29,30), However, Boletus
edulis apparently produces a very small amount of theme oxidases {31).
Voinoviteh gt al. {32) bave studied the inhibition of the oxidases
present in the mushroom igaricus campestris and found sulfur dioxide in
combinations with a mall amount of thiamin, n:i;wtim.c aeid, cysteine or
glutathione to inhibit oxldase sctivity, Ascorbic acid was also
investigated and found to be less effective than either thiamin or nico-
tinie acid, Voinovitch {33) alsc observed a mon ensymatic browming %o
take place in autoclaved mushroom juice on exposure to air, He found
the addition of sulfite or acidifying the solution to below pH 5.2
retarded this discoloration, Grabor ef al. (3h) reported the inactiva-
tion of polyphenol oxidases of Agaricus campeatris with ultrasonic waves,
Kuttner and Wagreich (35) have studied the inhibition of catecholase

activity using an enzyme preparation from the mushroum Pgalliota cawpestris.

Thease investigators studled the iuhibition of this ensyme system by LO
organic compounds, Among others, acetone was found to inhibit the enzyme
activity to the extent of U8 per cent at a concentration of 3.5 mole/l,
Inasmuch as the 30 per cent acetone and the 70 psr cent aceteone
solutions used in the preparation of fraction II do not discolor appreci-
ably even on long standing it might be inferrsd that the discoloration

is at least partially due to an enzymatic oxidass activity.
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If & more definite correlation between the observed discoloration
in fraction II and a decresse in tumor inhibiting activity is made in
& future study, further investigation of the inhibitors mentioned above
would seem to be warranted,

There is still the posaibility of some small loss of activity in
the precipitate which forms at an scetone concentration of 30 per cent,
Rowever, inammuch an the precipitate does not appear to form much below
an acotone concentratien of 30 per cent, the purification accomplished
by this step wonld seaem to warrant & small loss of activity if one does
exist,

~Fraction I was a very clear amber cclored solution, 7Tt ilmmediately
became opaque upon the eddition of avetone %o a4 concentration of 70 per
esnt, The overnight period during which precipitatlion was allowed to
take place might be longer than was necessary inasmich &3 activity waa
cbtained in samples L135 and L1L6 after a much shorter period. Also,
the failure of activity to be deteected in sample LISO suggests that
precipitation of the activity was cowplete aflar three hours standing at
?° C. The longer precipitation period was used for an operational
reagson, It was desired to dialyze fractien I during the day so that
the diffusate could be changed frequently during the firat portion of
the dialysis, Therefore, the preparations were normally started during
the late afternoon and the precipitatiom in the 70 per cent acetone
solution allowed to take place overnight,

Fraction II was a medium tan color when firsi oblained; howsver,

3t darkens on exposure to air and the resulting sodium sulfite solution
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of fraction II was a very dark color. It would be interesting to carry
out & preparation in which this fraction was kept under an inert
atmosphere and to compare the toxicity and activity of the resulting
fraction with one carried out without this precaution,

The posaibility th&ttha supernatant corresponding to fraction II
contains additional activity has not been invaitigaﬁed. If a particu-
larly quantitative recovery of the activiity were desired this supernatant
might be concenirated at a low temperature and reprecipitated with acetone
at & concemtration of 70 per cent after removal of the precipitate which
might form at 30 per cent, Inasmuch as the supernatant would be expected
to contain the majority of the low molecular weight compounds which were
extracted a concentration and reprecipitation at this point might not
accomplish much in the way of a purification of the active principle,

The dialysis step described above wis carried out quite empirically
ginte no convenient method of detecting a "ecomplote® dm;rnia wap avail-
able, The major porticm of any low molecular weight cempounds either
precipitated or coprecipitated in fractien II, by acetone at a concentra-
tion of 70 per cent, would seem te be removed by the 2L hours dialysis
technique used,

Bilological Awsay of the Various Fre ions of Fraction IIX

Table II contains a 1list of the various preparations of fraction
113 which were assayed for bilologleal activity, Inassmuch as these
sanples wers tested at various dilutions, possibly due to different
toxicity levels, colum (b) in Table II 15 an expression of the mumber of

grams of crude mushroom represented by the daily mouse dose,



TABLE IX

THE BIOLOGICAL ASSAY OF THE VARIOUS PREPARATIONS
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o

grams_ em, "

L292® 0,13 ?
1292%° 0.0k bR 0.49/0.98
1295° 0.22 ?
1293°4° 0.0l 1.
13229 0.11 ?
L322°% ¥: 1,03/1.02
1381 0,09 2. 0.56/1.11
1388 0.08 Z. 0.36/0.89
1308 0.04 - 0.51/1.02
1393 0.05 - 0.59/0.94
s 0.12 bR 0.73/0.98
1428 0.20 ?

P 0.08 ?

Lh28

& ppgction IT dissolved in phosphate buffer pH 6,4,
b petest,
ﬁ Original extraction 13115, no second extraction.

Yo sodium sulfite solution used,
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By averaging the values is column {(b) for thoase samples which gave
tumor inhibitien (Table IT) it can be seen that the average orude mush-
room equivalonce iIs abeut 0,07 g. Censidering that about 22 mg. of
solid material was obtained im fraction IXI per gram of crude mushroom,
a daily mouse doge of about 1.5 mg, of dry matter can be calculated,
Since the dally dose is ordinarily reported in terms of milligrams of
sample m kilogram mouse per day (mg./kg./day) this value becomes 75
mg./kg./day (average mouse weight 20 g, or 1/50 kg.)

Fraction IIT has also been tested against the Murphy-Sturm lympho-
‘sarcoma and found te be imhibitory (36).

fraction ITI, a one dimensional shromatographic separation on Whatman

No, 1 filter paper was abttempted. The chromatograms were develcped using
the solvent n~butanol, ethanol, water in the volume ratio of helsl (37)
by the ascending technique. A4 glass eylinder about LS om, in height and
1% om, 4in diameter was used as the chromatographic chamber. After de-
veloping the chromatograms overnight at room temperature they were removed
from the chamber and dried at room temperaturs, Three different means
were used to detect the spois on the various chromatograms. The first

of these was a reagent consisting of a 0.2 pér cent solution of ninhydrin
{$riketohydrindene hydrate) in water saturated m-butancl (37)., 4 second
reagent was prepared by dissolving 0.93 g. aniline and 1,66 g. phthalic
anhydride in sufficient water gsaturated n-butanol to make 100 ml. of
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solution (37). The third mesns of detecting the spots consisted of
merely observing the chromatograms under ultra<violet light in the dark
room {37), One chromatogram was sprayed with the ninhydrin reagent and
& seoond with the mmphtmm anhydride reagent. These two chroma-
tograns were them plaged im a forced draft oven at about 95° C, for
spproximately 15 mimutes, .

Seven ninhydrin positive spots appeared on the chromatogram which
bad been sprayed with this reagent, These spots wers mmbersd 1 through
7 and will be referred to in fubure discussions by this mumber, The
soven spots and their Ry values are given in Table IIY, Spots number
6 and T were very faint on the chromatogranm,

TABLE IIX
NINHYDRIN POSITIVE SPOTS ON PAPER CHROMATOGRAM OF PRACTION IXIX

— ‘ - ,
Spot £
Bumber Value

0,00
0,03
0,10
0.15
0.33
O.hh
0.56

- N WM W N e
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Two spots appeared on the chrowatogram which had been sprayed with
the aniline-phthalic anhydride reagent, They were designated as carbo-
hydrate spots 1, R, 0,15 and 2, Re 0,29,

Two spots were aléo visible under ulﬁrawfvial‘et light, These were
designated as U, V, gpots 1, Ry 0,00 and 2, Ef 0.56,

4 brown spot was dlso cbserved at the origin (R, 0,00) of the un-
sprayed chromatogram under ordinary sunlight, '

As & result of the observation that at least eleven spots could be
detected on a paper chromatogram of fraction IIX an atiempt was made to
farther purdfy this fraction using « technique based on this cbservation,

For this experiment fraction III was applied as a band abeut 1 om,
wide near ons edge of a sheet (18 1/h x 22 1/2 inches) of Whatman No, 1
filter paper. A total of 8 ml, of solution, equivalent to about 3 g, of
crude mghroom, were applied to three sheets of rilter paper by means of
a pipette drawn out to a fine capillary, The papers were dried perliodice
ally between applications with an infrared lamp at very low heat, The
chromatograms were developed with the solvent mentioned above in a
Chromatocab (manufactured by University ipparatus Gompany, Berkeley,
California) for about 12 hours using the ascending technigue. Aifter
being developed and dried & marrow strip, about 1 em, wide, was cut
vertically from each edge and from the center of each chromatogram,

The two strips cut from the edges of the sheets were treated with the
ninbydrin reageat as deseribed in the previous section. The middle strip
was treated with the aniline~phthalic anhydride reagent, The bands made
visible by ultra-viclet light were marked on the remainder of each
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chromatogram, Then, using the marrow strips as guides the various
bands made viaible by the two reagents were marked on the remainder of
each chromatogram, It wes obssrved that U. V. spot no. 2 was not
praaeﬁt,' however , a second U, V, gpot, designated U, V. spot 3, Re 0,19
was visible under ultra~vielet light, The chromatograms were then cut
into five herizontal sections, each sectlon containing oms or more of
the various bands. Each secticn was eluted with water and the cluate
from corresponding sections combined, The resulting five samples were
tested for biological activity., The tumor inndbiting effect as well as
the various spots which would be oontained in each sample are showm in
Table IV,

GRAPHIC FRACTIONATION F FRACTION IIX ON FILTER PAPIR

Sample Chrematographic Effect in

Number . Spots Present _ Tumer Assay
1259 nin, 1 o
1160 nin, 2,3,4 & carbo, 1 -

L161 u.¥.3 -
L1é2 nin, 5 -

12.63 nin, 6 -

It is evident from Table IV that the activity did not migrate in
the solvent used to develop these chromatograms, Some purification might
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have been accemplished by this procedure, However, inasmuch as the
activity did not migrate, it was considered questionable if the purifi.
cation merited the effort involved

Perhaps othar Scylvanta should have been investigated. One such
possibility would be a solvent composed of acetone and water, Inasmuch
as the activity is soluble in _ﬂatcx' but relatively insoluble in a water
solution containing a high concentration of acetone it might be possible
to select & concentration of acetone and water which would cause the
activity to migrate as a well defined spot. Reid (38) has reperted the
resolution of a protein fraction in a water acetone solvent on Whatuman
¥o. 1 filter paper, Bently and Whitehead (39) have reported the resolu~
tion of amino acid mixtures using an acetone water solvent and also
using an acetone 0,5 per cent agueocus urea solvent, Such a technique,
if applicable, might offer a convenient method of assaying for the
bioleogical activity providing a correlation Letween a given spot and the
tumor inkibiting mtivity could be demonstrated.

Extragtion of Fraction IIT With n-Butancl
Inaswmuoh as fraction III was found to be a rather impure fraction

in the chrematographic experiment mentioned above an attempt was made to
further fractionate it by means of its distribution between n-butanol
and water, A solvent system of neutral pH was chosen inasmuch as
Ritchie (23) had shown the activity to be destroyed if the pH of his
preparation was altered for a short period of time (ca. 2 hr,) and then
neutralized back to the original pH of 5.1,



The extraction of frastion III with n-butanol was carried cut by
four different technigques, The extraction was carried out in separatory
funnels both at room temperature and in the cold room (79C.), In both
of these experiments a consi

srable length of \ime was regquired for
equilibrium to be attained., In the last experiment carried out in the
cold room, the preparation was allowed to stand for a period of three
days with only poor separation of the two layers, In an attempt to
facilitate the attaimment of equilibrium a small amount of sodium chloride
and also ethyl ether was added to the mixture without significant success,
The techlnique used resulted in the preparation of thive fractions.
After a given nmumber of extractions the combimned aqueous layer was con-
centrated te dryness ip vaguo at a temperature of less than 50° C, The

residue, suspended in water is designated fraction A, The combined

organic layer was also concentrated ip vacuo to a emall volume at which
time a precipitate was observed, This presipitate was removed by file
tration and suspended in water and was desipgnated fraction B, The
filtrate was concentrated to dryness in vacuo, and was called fraction
¢, Table V nhow the resuliting activity of the various fractions when
assayed in the tumor test,

From the result shown in Table V it was concluded that the activity
present in fractions A and B might be due to the poor separation of the
two layers during the extraction procedurs, An attempt was therefore
mads to extract fraction ITI with nebutancl in a liquid liquid extractien.
In one experiment the axtraction was done at atmospheric pressure. In a
second experiment the extraction was carried out under reduced pressure
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DISTRIBUTION OF ACTIVICY FOLLOWING EXTRAGTION

OF FRACTION III WITH .um

- Bxperiment B !!‘\mbe:-”ar mem 'E‘ractim‘“ Fraction

Fumber Extractions 4 i "
. . (aass)  (anels)

= ¥ (aed-)  (aue-)®

> b (Las7==)® - (1a53-)
b

L h (1.3911'4 C (L390%)Y  (L392-)

& Extracted at room wmperawra.
b Extracted at 7%,
© Sample dialymed befors being tested for actividy.

{water aspirator), In each of these experiments the agueous and organic pha-

@36 were- treated in the game manner as described earlier. However, all
samples proved te be negative on assaying for biological activity.

“

Frastion III with n-Butanol

o

At the time this work was carried out essentially nothing was kmown
as 4o the chemical identity of the substance responsible for the tumar
inbibition. The choice of butanol«water as a solvent aygtem was there-
fore quite arbitrary. This solvent system was used by Dakin (40) for
the fractionation of protein hydrolysates, howesver, a muber of other
solvent peuii&iliﬁea do exist (h1). Creig and Craig (L1) list a number
of factors which should be considsred when the choice of a golvent system

'4e to be made. The fact that the particular solvent system chosen forms
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an emalsion, apparently due to & surface active agent present in
fraction III, renders the cholce unsatisfactory, Oralg and Craig (Ll)
also mention a number of suggestions for avoiding emuluions, One of
these is the addition of a msutral salt, This was tried but without
apparent success, They also mention the poesibility of using contimious
extraction, However, using the solvent system mentioned, such a pro-
cedure apparently resulis in ‘t;cm high a tempemﬁm‘, even under reduced
pressure, inasmuch as all samples extracted by this method were nsgative,

Simultancous with this work a preliminary experiment using fon
exchange resins was carried out, Since the ion exchange resine appeared
%o offer considerable promise as a means of further fractioration of
fraction III, the posaibility of distribution between partially miscible
solvents was not investigated further,

Ton Exchange Chromatography
Simul tancously with the above experiments using paper chromotography

and extraction with n-butanol as possible means of further fractionating
fraction I1I, an experiment designed to determiré the feasibility of
using synthetic icn exchange resing wus carried out. In this experiment
25 ml, aligquots of fraction IIT were shaken with about 2 g, portions of
four different ion exchange reaing in stoppered Erlemmeyer flasks., The
contents of each flask werefiltered and the residue washsed with sufficient
water to make a total of 80 ml, of cambined filtrate and wash solution,
The 80 ml. solution, aleng with 2 control solution treated in the same
manner but ﬁthaut using a resin, was tested for biological activity,



The resins used are given in colwmn (b) of Table VI, The tumor inhibit-
ing effect of the varicus aliquots, after treatment with the resin as
deseribed above is given in column (c).

TABLE VI

TUMOR INHIBITION OF ALINUOTS OF FRACTION IXI AFTER TREATMENT
WITH VARIOUS TON EXCHANGE RESINS

Sample Tumor Inhibilting
Fumber Resin ' Effect

{a) (v) {c)
L17s Dowex 1 x 8 X.
176 Dowex 2 x 10 +
1177 —
1178 -

L 2

179 e

From the results shown in Table VI it can be seen that the active
principle was apparently removed frem sample L178 by the treatment with
Dowex 50 x 1, On the assumpiion that the activity was adsorbed by the

cation exchange resin, further study was undertaken to determine the
feasibility of usming Dowex SO as & means of further purifying fraction
III, ‘

From the standpoint of practical considerations there are at least
four variables to be noted when selecting the most desirable ion exchange
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procadure for a specific problem, These may be referred to as the elu~
tion teclnique, degree ¢f cross linkags of the resin, mesh size of the
resin and the structure of the resin bed, The type of exchanger, e.g.,
strong or weak acid, is also & variable, However, in the preliminary
experiment mentioned sbove the strongly &cld Dewex 50, sulfonic acid
exchanger, apparently mnwbad the active prineiple, Therefore, further
considerations were based on the vuse of this resin,

The tecinique of ion exchange may be thought of as a two step
process (L2,i3). The firet step is adsorption by the fon exshange resin,
The second step is the elution of the adsorbed ions from the resin, |
Dhuring the adsorption step the conditions should be such that the affinie
ties of the resin for the fons to be adsorbed are mede maximal, This is
ordinarily accomplished by suitable pH adjustment (L2). During the
elution step conditions amuid‘ be such that the affinities of the resin
for the adsorbed ions are made miniwmal , This is ordinarily wempnshﬁe&h
in one of two waym (li2), either By suitable pH adjustment or by fonic
strength adjustment, Elution by pH adjustment is achieved by altering
the charge, usually & decrease, of the adsorbed ions by adjustment of
the pH of the eluent (incoming solwvent). Elution by ionic strength

adjustment iz accomplished by imoreasing the ionie atrength of the eluent

to the point where the contentration of the competing ions displace the
adsorbed ions by mass action,

Elution by pH adjustment, frequently referred to as elution analy-
sis, is frequently the method of choice especially in blochemical mix~
tures (42). This method possesses the advantage of producing an eluate
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{outgoing solvent) of lowsr iomic strenmgih and tius greater flexibility
with reapect to subssquént chemical steps,

Kution by ionie strength adjustment, alsc referred to as displace-
-ment clwemotography, utilizes the waximmm adsorptive cupacity of the
fon axchange column (Lk), a feature particulerly desirable in preparative
work, Using this method of elution "tailing" crdimarily doea not ée.cm-‘;
However, the bawds ave freguently close together (LS), Of the two methods
of elution, elution anmalysis tends to possess the greater resolving power
(L6} .

Insofar as the further fractionation of fraction III was concermed,
elution by increasing the lonic strength of the eluent seemed to be the
method of choice for several ressons, The active principle wae appar-
ently unstable to apprecisble pH adjustment (23}, Due to our assay it
was desirsd to collect the active principle in a ainiwum volume of
eluate and a method easily adaptable to a preparative scale was ﬁéfsired.

A sodium ghloride sovlution was therefore chosen as the eluent,

Aside from being readily available, the presente of a amall amount,
physiological or below, of sodium chloride in the samples when tested

for biological activity would not be expected to be toxic to the mouse,
The concentration was chosen quite arbitrarily., A very corcentrated
solution would tend to elute the activity in a minimm volume of eluate,
Yiowsver, inasmuch as the active principle was apparently a macro moleculs,
too high an ionic strength might cause alteration of the moleculs,
Conversely, a very dilute solution would be desired from the atmdpoim
of stability but would be undesirable from the standpoint of diluti;‘%m of

N

?‘\
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the actlve principle in the eluate. A 3 M solution, approximately a
half saturated selutdon, was therefors selected as ome possibility.

In the event the active principle was loosely bound to the resin
a more dilute elvent would tend to render the separation more selective
with respect to the other constitutients of fraction ITXI, Therefore,
0.3 B sodiunm chloride wae used as the firsh eluent, after washing the
column with water, to be followed by the 3 ¥ solution,

A second consideration in setiing wup an experimental lon exchange
procedure wag the cheoldce of cross-linkage to be used, The resin cross-
linkage in the case of Dowex 50 is defined as the per cent of divinyl
benzene added to the winyl bengene in the polymeriszation of this type of
resin (L7). In the Dow resins the degree of cross-linkage is designated
by the mmeral following the name of the resin e,g. Dowex SU x 12 is a
12 per cent cross linked resin, A resin of & very high degree of cross-
linkage undergoes a minimum volume changs with a change in ionic strength
of the external resin phase (L6,L8,44). On the other hand a resin of a
low degree of crogs~linkage undergoes a large volume change under these
same conditions, Bguilibrium between the external resin phase and the
resin pbase, is attained most rapidly with a low degree of cross-linkage
(48,49). For colum work a high degree of cross-linikage would be preferred
ipaspuch as a minimum volume change of the resin bed is desired, However,
with reference to the tumor inhibiting activity, a low degree of crosse-
linkage would be desired inasmuch as such a resin would be more porous
and would approach an equilibrium between the external resin phase and
the resin phase more repidly (50). Ordinarily a resin with the highest



degree of cross linkage compatible with the separation to be achieved
should be used (L6), Tnasmuch as Dowex 50 x 12 was available in the
laboratory it wae selected, A 12 per cent cross-linkage wight be cone
sidered a high degree of ¢ross-linkage imammuch as Moore and Stein (51)
bave recently used a h por eent cross-linkage for an amino acid and
peptide separation,

The size of the resin particles ia also to be ¢onsidered, however,
1t is probably somewhat less critical than the considerations mentlomed
previcusly, Dowex 50 is available in a variety of mesh sizes including
& colloddal size, The exchange capacity of a resin bed increases as
the particle size decreases (52), Alsc, elution appears to be more
rapid with a finer mesh resin (53) and the resulting slution "peals®
tend to be more sharp (L6)., However, the use of a fins mesh resin pro-
duces a decreased flow rate (Sh). From the standpoint of the present
congiderations the flow rate was thought to be guite jmporitant inasmuch
as large coluwms were to be used at room temperature, A rather coarse

resin, 100-200 mesh, was therefore selected,

The shape of the resin bed influences the flow rate and the resolve
ing power of the column (5k). This factor has very little influence on
the capacity of the colunm per unit amownt of resin (Sh). Generally
speaking the larger the ratio of the cross section area %o the length
of the resin bed the greater the capacity of the resin bed (55), Con-
versely, tha smaller the ratio the greater the reselviﬁg power of the



Of the four columns to be described in the next sectiom, the two
smaller ones wore purchased commercislly, The first largs column con-
structed (resin bed 7 x 80 em,) has a cross section area to length ratio
of about 0.5, The ratio was incrsssed from that of the smaller columns
inammuich ag & large preparative column was desired, However, in the
fourth (resin bed 5 x 87 em,) this retic was decreased to about 0.2 %o
gain a greater resolving power,

The flow rate perhaps is a £ifth peint te be considered ismassmch
as the more rapid the flow rate the smaller will be the approach to
equillibrium between the resin phage and the external resin phase at
each section of the resin bed, However, as mentioned previously the
flow rate is determined %o some extent by the choice of resin and the
dimensions of the resin bed, The flow rate used might be considered
guite rapid considering the active principle was balisved to be a maoro
molecule, However, the time factor due to the instability of the mole-
cule was alszo conslder

¥With these considerations in mind the chromatographic procedure

ed in this conmection,

described below was used for the further fractionation of fraction IXY,

Columns
The Dowex 50 x 12, 100~200 mesh was purchased from the Dow Chemicali
Company, Midland, Michigen, The resin, as received, was slurried with

a large volume of water and allowed to settle until the larger Mielns
settled ocut, The supernatant, contalining the fine material , was decanted
and discarded. The process was repeated untll a homogenecus sample



resulied, ds determined by uniform sedimentation and the absence of
fine material suspended in the gupernatant., The resin was then slurried
with 2 W hydrochloric acld and filtered in a large coarse sinterod glass
funnel. The washing with hydrochloric acid was contimued until the re-
sulting efflvent was free of the yellow colored material which is removed
by this treatment, The resin was washed next with distilled water until
the efflusnt was neutral and then with 2 N sodium hydroxide until the
effluent waz strengly alkaline, Afbter washing with distilled water umtil
neutral sgain the gycle, acid-water«bage~water, was repeated once more,
The colums were filled by slurring the resin with about two volumes
of distilled water, i large fummel wag attached to the top of the colum
by means of a rubber stopper and the column filled with distilled water
to the level of the bottem of the fumnel, The slurry was then introduced
into the fumnel, care being taken that no air bubbles were irapped in
the system, Sufficient resin was used in making the slurry that one
£illing of the funnel would f£ill the column with resin, Columns prepared
in this manner wers free of sedimentation bands which otherwise result
due to the non-uniform particles size of the resin, After the columns
were filled with reamin they were recycled tbrough the above mentioned
acid-base cycle and then washed with distilled water until no color was
preduced in the effluent upon the addition of phemolphthalein. The
colums were then canaidered ready for use,

Buff of Fragtion 1
The various preparations of fraction 1IIT erdinarily bave a pH of
6.6(* 0,2), Inassmuch as the activity in mctian IIY, without the



addition of buffer, apparently was adsorbed on Dowex 50 in the prelimi-
nary eaperiment mentioned above it might be eméluded that the tumor
inhibiting subsbance was in a cationic form at We‘ pH, It was there-
fors thought desivable %o add a buffer to fraction IXI to insure pH
stability during the adserption step of the chromatographic separation,
Frastion I1I was therefore buffered at pR &,k by adding mono
basic potasslum phosphate and di basie potassium phosphate as the dry
salts immediately before chromatographing. The pH of the resulting
solution was ahaekad with a pHl meter in all cases,

In the course of this work four differentd sized columns were used,

The pralininw work was done on two small celums, However, once tle
teclnique was worked out larger preparative columns were used,

Throughout all of this work the sclvent changes were made abruptly,
Before a new sclvent {eluent) was admitted inte the column the previous
eluent was developed to within a few millimeters of the top of the
resin, This technigue was used inassuch as it was desired to collect
the activity in a very minimum velume of eluate, This was especially
true in the early work when the stability of the resulting fractions
to concentration was unknown,

The first column used contained 2 x 21 om, (2 em, diameter) of resin
in the sodium form, Four milliliters of fraction III was admitted to
the top of the column and allowsd to pass onto the column to the upper
level of the resin bed, The column was then developed with distilled



water until the eluate was essentially free of colored material, Two

90 ml.. fractions of sluate were collected, using distilled water as the
oluent, (1233~ and L234~), The eluent was then changed to 0,3 M sodium
chloride amd three 90 ml. fractions collected, (L235-, L236» and L237-),
Three 50 ml, fractions were then collected using 3.0 M sodium chleride
as the eluent, These were tested for biological activity after dialysis
to remove the sodium chloride, (12387, 1239~ and L2L0-), . Four gﬁlliw
liters of the same buffered sample of fraction IIT was diluted to 90 ml,
with distilled water and tested as sample (12132.) to serve as a control.

It should be noted in the abowve experiment that if the elution with
0.3 ¥ sodium ohloride solution had been contimed slightly longer the
aqtiﬁty mipght have been recovered in the eluate frem the 6.@ M sodium
chloride sclution rather than in that from the 3,0 ¥ sodium ehloride
solution,

In the following experiment a alightly larger column (3 x 21 em.)
was used, along with a LO #l, sample of fraction IIX, This volume of
fraction IIX proved to be too large inasmuch as activily was recovered
in the first aliguot of eluate collected from the column, The mmain&er
of the activity was found to be present in the sluate resulting from the
0.3 ¥ sodium chioride selutien (L2k9~w),

At this point a large column (7 x 80 cm,) was constructed with the
intension of carrying out the geparation on a large preparative scale,
In this experiment 700 ml, of fractien III tmffered at pH 6, was placed
on the column, Water was then used to dev&lop the column until the
eluate was essentlally colorless, six 1 liter fractions having been
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collected. Three 1 Liter fractions were then cellected using 0.3 M
sodivm chloride as the eluent, followed by four 1 liter fractions in
vhich 3,0 M sodiwm chloride was used as the eluent, An aliquot of each
fraction was tested for bioclegical activity, Only the third fraction
resulting from the 0.3 M sodium chloride elusnt was found to contain
activity (L3082-), 4 duplicate experiment was carried out and in this
cagse the corresponding fraction was the only one found to contain
activity ( 7).

This large coluwm wes accidently broken, prbbably dus to the ex-
pansion of the resin during the regesneration of the column, The ordinary
technigue used for regensrating the resin was to pass 2 ¥ sodlum hydroxide
through the celwm until the eluate was strengly alkaline to insure the
complste regmneration of the resin in the scdivm form, 4t this point
the resin has the miniwum volune in the cycle used, Therefore when water
was introducad to wash the resin bed until neutral to phencliphthalein a
rather large expansion took place, 4s a resullt of this experience a col-
umn was designed with a sintersd glass disc at the top as well as at
the bottom, 4 grouwnd glass joint wag inserted near the upper disc for
£i11ing the columm, The technigue for regenerating the resin at the
end of a run was also altered in the following way, After the last
fraction resulting from the 3.0 M sodium chlorids eluent was colliscted
water wag forced tlnrough the column in the reverse direction, This
forced the resin vp against the upper disc, The sodium hydroxide sclu-
tion was then admitted, dlso in the reverse direction, &t such a rate
that the resin particles would slowly fall under the force of gravity



48 the sodium hydrexide solution flowed up tlwough the colunmn, This
technique aerved the added purpose of collecting the finer reain partie
cles in the upper portion of the coluwm thus eliminating the possibility
of their clogging the lower disc during an actual run, The sodium
le golution was passed through the column until a strongly
Hialine eluate resulted. The columm was then washed with distilled
mter in the erdinary mamner,

The newly designed column contained (5 x 87 em,) of resin, A k15
mi, sample of fraction IIT wae placed on the column which was then
develuped with the scivents described sarlisr, Fractions of the sluate
were collected at fowr minute intervals

g an avtomatic fraction
eollector. A total of 60 fmactions of approximately 100 mi, were
collected. The firat fifteen fractioms collectsd, using distilled water
as the eluent, contained evidence of activity. A total of 2710 ml, of
distilled water was passed through the columm befors the eluate became
essentially colorless, Fifteen fractions were collected using 0.27 M
sodium chloride solution as the eluent, The total wvolume of 0,27 M
soéim chloride solution used was L1479 ml, These Tifieen samples were
cembined in groups of two, except that the lazt thres were combined and
assayed for biological activity, The biulag_ica.l activity was found to be
contained in the sluate between 617 ml, and 1042 m1, (1.33?2*, and 1338%) .
Pifteen fractions were also collected using 2,7 M godlum ehloride solu-
tion as the eluvent, Total velume of 2.7 M sodium chloride selutien

1724 ml., These fractions were combined in the same marmer as the gmom
fifteen samples were and assayed for biclogical activity after dialysis,
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Activity wes found 4o be contained in the eluate between the limits of
1006 mL, and 1309 ml, (L3L6=w and L3L7-"), It should be noted that
these two activities were separated by about 1LLO ml, of eluate,

In fulure discussions the activity contained in the eluate resulte
ing frem the 0.3 M (ca) eluent is designated as fraction IV and that
resulting from the 3.0 (ca.) eluent as fraction V,

The following cmtnmhic yrocedure was used in the preperation
of all future samples of fractiocns IV and V. The same column, contain-
ing (5 x 87 'ém.') of Dowex 50 x 12 in the sodium form, described
previously was used, The techmique of preparing the resin, filling the
eolumn as .mll ag the technique for regenerating this column were all
as described earlier,

Thrse hundred milliliters of fraction III were buffered at pH 6.4
by the addition of 0.659 g. of mono basic potassium phosphate and 1,526
g. of di basic potassium phosphate as the dry salis, The buffered
sample of fraction III wase placed on the column and allowed to drain to
the upper level of the resin bed under the forece of gravity. This
procedurs usually reguired abeut 30 to L5 minutes,

The column was then developed under a positive pressure of about
19 em, of mercury using the solvents described helow, Under these cone
ditions about 15 nl, of eluate was collecied per minute, This correa-
ponds to & flow rate of 0.77 cm. per min, on a colwm S om, in diameter,

2 Note tumor diameter,



A total of 2940 ml. of distilled water was passed through the
column and the entire eluate discarded, The distilled water was de-
veloped to within a few millimeters of the upper lovel of the resin
bed before the mdmission of the second solvent,

The second sslvent used was 1500 mi. of 0,265 (= 0,005) M sodium
chlerids solution, The first 200 ml. of this eluate were discarded.
The next 1200 ml, wers collected as fhaction IV, Ths last 100 ml, were
dissarded, This solvent was also developed to within a few millineters
of the resin bed befors admitting the third solvent,

The third solvent used was 1500 ml, of 2.65 (20,05) ¥ sodium
chloride solution, The first 600 ml. of this eluate were discarded,
The next 900 ml, were cellected as fraction V.,

jop of Ion Exchange Procedure

This procedure presenis no particular difficulties, However, certaln
aspects of it might be investigated further., The 12 per cent cross~
linkage is perbaps quite high, 4 lower cross-linkage might be investigated.
Moors and Stein {51) report bhe use of Dowsx 50 x L for the resclution
of peptides containing up to 8 or 10 amino acid residues and suggest
Bowex 50 x 2 for larger peptides,

As is indicated by the next section, the activity is apparently more
stable to acid than it was originally believed to be. This might suggest
the possibility of buffering fraction IIX at a lower pi which would tend
to increase the cationic nature of the active principles and thus their
ability to be adsorbed by the resin, If such a technique proved to be
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feuslble a larger quantity of frection III could be applied to the
aolwmn,

The possibility of concsnirating fraction IIT before placing it on
the column might also be considered, 4 smaller volume of sample solu-
tien would tend to improve the resoclution due to the activiily belng
adsorbed in & narrowsr band near the top of the ealm‘

It would also be desirsdble to cellect a swallur volume of eluate
representing Iraction IV and also fraction V, ‘,ﬁm empirical metbod used
necessitates the collection of a wery wide band of eluate for each
fraction since the active principles would pob be expected 1o be eluted
in exactly the same volume of eluate each time, Such a technigue
introduces the posmibility of other substances also being contained in
the sluate collected imasmuch as the elution bands would be expected to
be very close together using the elution technique described in the preve

ious section.

In an early study of the hydrelysis products of fraction IV ueing
paper chromatography some indicaiion was given that this fraction might
contain cystine, This later proved not to be the case, Howsver, in
the intervening period an experiment patierned after the precipitation
of glutatbione {56) was carried out,

For this exporiment 63 ml, of fraction III was warmed to 50 ¢, and
8.5 m, of & 3 ¥ sulfuric acid solulion added with stirring, To this
solution was added a suspension of cuprous oxide, prepared by bolling



20 ml, of Benedict's solutien with an excess of glucese and removing
the precipitate of cuprous oxide by centrifugation, The mixture was
allowed to stand for four hours in the refrigerator, After the four
hour perded a considerable amount of precipitate was cbserved to have
settled out, The precipitate was removed by centrifugation, the super-
natant being designated as fraction D, The precipitate, after washing
with water, was suspended in 50 ml, of distillsd water and saturated
with hydrogen sulfide gas, The precipitate of cuprous sulfide was
removed by centrifugation and discarded. The supsrnatant wes designated
ag fraction E, Fraction E was asrated with nitrogen gas to remove any
remajining hydrogen sulfide and tested as sumple (L}12-) after adjusting
the pH %o 6.4 with very dilute sodium hydroxide solution, Praction D
was adjusted te pH 6.b with very dilute sodium hydroxide solution and
tested for biclogical activity as sample (1i102+) (retest=-).

In a duplicate experiment an aliguot of fraction D was tested for
biological activity after neutralization (LL19%«). 4 second aliguot of
fraction D was dialyzed and the dialysate tested as sample (LL2l~+),

Discussion of Cup xide ;

Llthough the active principle was not precipitated by the cuprous
oxide as might have been expecbed if a sulfhiydral compound had been
present the experiment provided scme worth-widle information,

The active principle wazx apparently aitable to the acldity used im
thia experdment, This is in disagreement with the observation made by
Ritchie (23), However, the discrepancy is possibly explained by the
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bechnique used to neutraliss fraction D, Ritchie (23) reports having
acidified a preparation to pH 2.0 with hydrochloric acid and after two
bours neutraliwing the sample to pH 5.1 with 10 per cent sedium hydroxide
solution with a subsequent loms of tumor inhibiting activity, In the
preparations just described fraction D was allowed $o remain at an
acldity of less than pH 1 for four hours, However, the preparation was
then carefully neutralized to pH 6. with a very dilubte solution of
sodiwm hydroxide, The pH 6,L was melected since the pH of frection IXI
is ordinavily 6.L or slightly above. In Ritchie's case the lower pH
might possibly bave resulted in alteration of the active principle
before the preparation was vested for biological activity.

A second obmervation can alsc be made as a result of the experiment
described avove if samples (Li21l++) is compared with sample (LL15=w)
{Table II). These two samples were prepared at comparable dilutions,
Howaver, sample LL1S was diluted 1:5 due to its toxicity in the mouse
test and resulted in a (I} effect. Sample Li2l was not diluted making
a larger dose possible with a subsequent (I+) effect. This cbservation
would seem to indicate that seme of the toxicity of fraction III was
either removed or destroyed by the treatment with cuprous oxide in the
acidified solution, |

Further Purification of Fraction IV

It was thought desirable at tidz point to abttempt to recover a selid
product from the fraction eluted with 0.3 M sodium chloride solution
which still retained biological activity.



Fraction IV was therefore dialyzed in Visking easing on the rotat-
ing external liquid type dialyver described earlier. The dialysis was
carried out ageinet freguent changes of distilled water at 7°C, The
diffusate was discarded in all cases, The dialysate varied in volume
from 1230 o 1255 nl, in the seven experiments carried out,

The dialysate was concentrated in yacuo on the revolving concen-
trator described by Oraig et al. (27) using @ water aspirator, This
apparatus is well suited %o the concentration of bioclegical materials
for at least two reasons, The sample container, an ordinary reund bottom
flask, is made to revelve thus increasing the surface area of the sample
to essentially the gurface area of the flask used, 7Thia facilitates a
very rapid rate of evaporation sven at relatively low temperatures,
Secondly 3t is not necessary to pass air or some inert gas through the
golution to prevent bumping, In these esperiments the sample sclution
was mamama at a temperature not greater than 29° ¢. The concentration
to a swall volume {3-15 ml,) required sbout four to five hours. The
concentrate was then dislywed again to remove the last traces of chloride
ion as indicated by the addition of silver nitrate solution to an aliguot
of the dlalysate,

Three different technigues were used in the atbtempt to recover an
active golid product from the ehloride free dialysate,

In the first experiment the sample was concentrated o a volume of
3 ml, and dialyged free of chloride lons. To this chloride free dialysate
15 ml, of acetone were added and precipitation allowed to take place over-
night at 7°C. About 1-2 mg, of dry residue was recovered by
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centirifugation follewsd by drying in a vacuum desiceator for two hours,
The entire product was dissolved in 80 ml, of physiclogical saline

(at Sloan-Kottering Institute) and tested for blologleal activity
(L4007) (retast dgl, 1123.) (retest dil, 1s22.),

In the second expsriment the chloride free dialysate was concen-
trated to dryness by the technigue described previcusly, 4bout 11 mg,
of solid material was recovered, Of this material, 8.1 mg, were dis-
solved in physiological saline (at Sloan-Kettering Institule) and tested
for biological activity (L406°-),

In the third experiment the chlopride i‘me dialysate from two runs

on the ion exchange column was frozen and lyophilized for 2l hours,
The lyophilization apparatus was constructed by submerging a 500 ml,
three necked, reund bottom flask in a ethyl alcohol solid carbon dioxide
bath to a level aboub 1 inch above the lower end of the necks, By
mesang of ground glass joints one neck was attached to a 50 ml, round
bottom flask at an angle of 90 degrees, The 50 ml, round bottom flask
contained the frosen sample., 4 stopoock ws plmaﬁ in the middle neck,
The third neck wis connected by means of a glass adeplor and a short
length of rubber tubing to a second "dry 1ce trap” which wag in turn
connected to a wacuum pump. This apparatus has the advaniage of being
constructed almest entirely of standard laboratory equipment, It is
also quite versatile inasmuch as geveral samples can be attached to the
one neck of the three necked flask by means of suitabls adaptors,

Vaing the lyophilization techmique just described about 86 mg, of
golid matserial was obtained, This product was not dried in a



desicoator but was stored in the dsep freeze., Fourteen and cne~half
millsigrams .af this preduct wes sent to Sloan-Kettering Institute,
howaver, the results of the asssy were not cempleted when this thesis
was written (LU0 ne result),

Further Purification of Fraction ¥

. An attempt was also made to vecover a solid product from the frac-
tion eluted from the column with 3,0 M sodium chloride sclution, The
trm:&en was dialyzed and concentrated to a small wolume 'by the same
technique desoribed for fractien IV,

In one exporiment 15 ml, of acetone were added to 3 ml, of concen-
trate which had been dialyzed free of chloride ion. After standing
evernight the precipitate was collected by centrifugation and dried in
a vaouum desiceator, The entire Mduat (ca. 19 mg.) was dissolved in
physiclogical saline {(at Sloan-Kettering Institute) and tested for bio=
logical astivity (LLO3-),

In a second experiment the chloride free dialysate was concentrated
to dryness, OUnly about 3 mg. of product vas recoversd., In a repeat
oxperiment, in which the last dialysis was omitted, 32 mg. of product
was obtained, .The Ywo products (3 mg., and 32 mg,) were combined and
8.5 mg. used for the biological assay (LLOT~).

Ko attempt has been made to lyophilize the chloride free dialysate
froem fraction V,

It sample LLOO, in which the chloride free dialysate was precipitated
with acetone, is compared to sample LLO6, in which the chloride free
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dlalysate was concentrated Yo dryness, several cbservations can be

Sample LLOO was diwsolved in 80 ml, of physiclogical saline and
uged in the first test at a dose of 0,6 ml, (see ippendix) twice daily.
In terms of dry material this correspends teo approximately 1,5
mg./ig./day, In the two retests the above solution was diluted 1:2 and
& total of approximately 1 ml, given daily, 4% the final dilution 1 ml,
corresponds to about 0. mg./kg./day in terms of dry material.

iu the case of sample 1406 a daily dose, in terms of dry material,
of 8 mg./kg./day can be calculated.

The wide difference in the tolerated daily dosage would suggest
that sanple LLOS was much less toxle than sample LLOO, At the dosage
given sample LLOS alsc gave the greater inhibition (see tumor diameter-

From thess congiderations it would sesm that the techrigue of cone
centrating the chloride free dialysate to dryness was to be prefsrred
over the technique of precipitation with acetone,

Although the results of the assay of sample IhLO are not available
this sample might be esxpected to be the least toxic of the three since
the lycphilization would seem %o be preferred to concentrating the
fraction to dryness dus to the temperature at which the operation is
carried out.

The explanation for the loss of activity in both sample LLO3 and
sample 11,07 is unknown, Apparently the activity present in fraction V



is not sufficiently stable to withatand the isolation procedure used,
Lyuplﬂ.liutﬂ.on of tm.s ehlorida free dialysate might be considered
since the conditions would seem to be more desirable,

Sk



CHAFTER IV

STUDIES AS TO THE CHEMICAL CCOMPOSITION
OF FRACTION IV

Acid Hydrolysis of Fractien IV

About 1 mg. of fraction IV was dissolved in 0.1 ml, of 6 N hydro~
chloric acid and the solution sealed in a capillary tube, The tube was
placed in an oven at 105°C, for 12 hours (S7). After cooling the con-
tents of the tube were placed on 4 2 inch watch glass made of poly-
ethylens (57) and evaporatsd to dryness in a vacuwum desiccator., The
residue was dlasolved in abeut 0,2 ml, of distilled water and evaporated
to dryness a sscond time, The resulting residue, essentially free of
hydrochloric acid, was dlssclved in about 80 ml, of a 10 per cent
agueous solution of isopropyl alcohol which Block (58) has reported to
be & good preservative for an amino acid mixture,

A duplicate hydrolysis was also carried out using about 2 mg, of
fraction IV and & correspondingly increased guantity of the other
naterdials,

These two hydrolysates dissolved in the 10 psr cent aquecus isopropyl
aleohol solution were used for the chromatographic study %o be described
later,

The hydrolysis tschnigue used is described by Block (58), About 10
mg., of fraction IV was dissolved in 10 mi, of 1L per cent barium

55
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hydroxide solution, The resulting sclution was heated in an oil bath
at about 125° C, under reflux for 20 hours,

The bydrolysate, after cooling was made very slightly acid (to
ldtmus paper) with 1 ¥ sulfurdic acid and the precipitate of barium
sulfate removed by filtration, The barium sulfate precipitate was
washed with about 50 ml, of hot water, containing & few dreps of acetis
acid, and the washings combined with the original filtrate, The conbined
solution was comcentrated to dryness on the revelving concentrator and
the remlting residus demiccated overnight over calcium chleride. The
residus was then suspended in about 0.5 ml, of a 10 per cent aqueocus
solution of isopropyl alcohol, Thie solution was used for a chromato-
graphic atudy %o be described in a later section and is referred to as
the alkaline hydrgww -a# fraction v,

The method of preparing the terminal dinltrophenyl derivative of
peptides described by Sanger (59) was used. ibout 3 mg. of fraction IV
was suspended in 0,3 nl, of a 1 per cent aqueous solution of trimethyl-
amine contained in a 1 ml, volumetric flask, To this solution was added
approximately 50 mg. of l-fluworo-2 l-dinitrobenzens (DNFB) (purchased
from the Aldrich Chemical Company, Milwaukes, Wisconsin) contained in
0.6 ml, of ethanol, The mixbure was shalen mechanically for two hours,

After being shaken the mixture was diluted with about 10 dreps of
the 1 per cent trimethylamine solution and then extracted with four 0,75
ml, portions of ethyl ether, The organic layer, containing the unrescted



DHFE was discarded, The aqusous layer was evaporated to dryness in a
vcuum desiccater,

The residus from the evaporation of the agueous layer was dissolved
in sbout 15 drops of constant beiling hydrochloric aeid solution and
sealed in a capillary tube, The sealed tube was placed in an oven at
105° €, for eight hours,  After cooling the tube was opened and its
contente diluted about twice with distilled water. The hydrolysate was
then extracted with three 0,75 ml, portions of sthyl ether, The come
bined organic layer, containing most of the dinitrophenyl amino acids
(DNPAL) was evaporated %o dryness on the steam bath, This fraction was
designated as the "INPAA® fraction, howsver, it was mot used for further
study (see discussion), The agueous laysr was evaporated to dryness in
a vacuum deaiccator and the residue suspanded in water and evaporated
to dryness & gecond tims, The resulting residue, containing the unre-
acted amino acida for the most part, was suspended in a small volume
of distilled water and designated as the "non DHPAAY fraction,

In a duplicate experiment 9 mg. of fraction IV was used with a
corresponding increase in the relative gquantities of the other materials,

The "non DNPAA* fraction was used for a chromatographic study to
be deseribed in a later soa?.im,

Paper Chroma \phic Procedures
A chromatographic procedure very similur to that deseribed by

Sanger (60) was used to chromatograph fraction IV, the acid hydrolysate
of fraction IV, the alkaline hydrolysate of fraction IV and the "non
INPAA® fraction,
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Sheets of Whatman No, 1 filter paper approximately 17 inches square
were used, The sample to be chromatographed was applied at one corner
of the paper L inches frem either edge, A refevence spot, for compars-
tive purpeses, was aleo applied such that it was L inches frem the
bottom edge of the paper in the direction of the first solvent and 2.5
inches from the bottem edge of the paper in the direction of the second
solvent, Both the sample solution and the reference solution were
applied in 5 ul, aliquots by weans of a micro pipetts, The spots were
dﬁsd by means of a low siream of air and an infra-red lamp between
applications,

The chromatograms were developed by the ascending technique using
12 chrematograma per run in the Chromatocsd mentiened previeusly,
Before being developed the chromatograms were equilibrated for 18 hours
with the vapor phase of a solution composed of 0,125 g, of potassium
cyanide, 5.2 ml, of concentrated ammonium hydroxide (28,.9% NH;) and
sufficient distilled water to make 500 ml. of selution, After the
equilibration period a solution of phenol saturated with distilled
water was added to each trough and development allewed to take place at
room temperature for 24 hours, After the 2 houra development with the
first solvent the chromatograms were removed from the cabinet and dried,

Two methods were used for drying the chromatograms at this point,
The first method consisted in drying them in a forced draft chromato-
graphic oven at about 40-80° ¢, for eight hours and then overnight with
only the forced draft on, In the second method the chromatograms were
dried in the forced draft oven with no heat on for abeut one-half hour ’
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and then washed with ethyl ether, They were then dried in the oven
with enly the forced draft on for about six hours, No difference in
the final result was observed betwsen the two methods,

Balere being developed with the second solvent the chromatograms
ware equilibrated for 18 hours with the aguecus layer resulting from
the combination of LOO ml. of n«butanel, 500 ml, of distilled water and
100 wl, of glacial acetic acid, This sclvent was made wp L8 hours before
it was to be used, After the eguilibration peried the chromatograms
wore developed with the organic phase from the above butanol-waterw
acetic acid selvant for 2 heurs.

After developing with the second solvent the clromatograms wers
dried in the chromatographic oven with oenly the forced draft on for
about m»half hour, The following techniques were used fer detecting
spots en the various chrometogrames

{a) The emwm wag sprayed with a 0,2 per cent solution of
ninhydrin in a water gaturated solution of n-butancl followed by heating
at abeut 90-95° C. for about 15 mimutes (37).

{b) The chropatogran was apmy\ed\ﬁﬁh a solution compoged of 0,93
g. of aniline, 1.66 g. of phthalie anhydride and n-butanol saturated
with distilled water sufficisnt to make 100 ml, of solution, Aifter
being sprayed the chromatogram was heated for about 15 mimtes at about
100° ¢, (37).

{¢) The chromatogram was sprayed with a 0,0k per cent solutien of
bromeresol green in sthanol ‘(37) .



{(d) The chromatogram was viewed under ultra-violet light in the
darkroom (37). A Mineralight Model SL Manufactured by Ultra-Violet
Products, Inc,, South Pasadena, California was used as the source of
ultra~violet light. |

The spots made visible by the above techniques were marked by means
‘of & amall dot in the center of the region of greatest color intensity,
Since a solution of the amine acid leucine was used as the refersnce
solution the reference spot was made visible on those chromatograms not
othervige treated with the ninhydrin reagent by treating the chromatogram
with this reagent as described above after previously having subjected
it to one of the other techniques for detecting apois,

Inasmuch as & solution of leucine was used as the reference solution
a *“reference leucine™ (K;) value was calculated for purposes of compari-
son, The Ry valus wag defined as the ratio of the distance a given sub-
stance migrated to the distance leucine migrated in the same solvent
eystem, The distances were measured to the nearest millimeter with an
ordinary ruler,

The chromatographic procedure just described wes designated pro-
cedure 4,

i mecond clromategraphic precedure was used to detect the presence
of phenylalanine, leucine or iscleucine in the acid hydrolysate of
fraction IV and also in the *nom DNPAA® fraction since these amino acids
were not resolved by procedure A, This second chromatographic procedure
was also used to chromatograph the allkaline hydrolysate of fractiom IV,



Por this procedure sheets of Whatman No, 1 filter paper T x 22
inches wore used, The general technique used here is described by
McFarren (61), The papers were buffered by dipping them in borate
buffer at pH 8.l and drying ab room temperature, Five samples were
applied %o each chromatogram,

After applying the samples by tﬁe technique deseribed for procedure
A the chromatograms were equilibrated with the vepor phase resulting
from saturating the borate buffer with a 1il {v/v) solution of benzyl
aleohol n-butyl alcohel in a 12 x 2k inch glass cylinder, After an 18
hours equilibration pericd the chromategrams were developed by the
decending technigus using & solvent composed of a 1:l sclution of benzyl
aleohel n-butyl alcohel saturated with the borate buffer, Development
was allowed to take place for 2L hours,

After developing, the chrmtegrams were dried in a forced draft
oven with no heat en and sprayed with a 0,2 per cent solution of nine
hydrin in n<butancl saturated with a 2 per cent acetic acid, They
were then heated for sbout 15 mimutes at 90~95°C,

For comparative purposges lmown samples of leucine, isolesucine and

phenylalanine were yun on the same chromatogram with the acid hydrolysate
of fraction IV and the %"non DNPAAY fractien, An authentic sample of
tryptophan was used for comparative purposss on the chromatogram of the
alkaline hydrolysate of fraction IV, The dlstances migrated by the known
anino acids wers compared with the distanee which the various ninhydrin
positive gonstituents of the unknown samples migrated,



The chromatograpbic precedure just described was designated as
procedurs B, |

Result of Ohromatographic Study
Fraction IV was vehm‘aégﬂphad by procedure 4 and the chmmutegm
treated with the ninkydrin reagent described under detecting reagents
for procedure A, ¥No ninhydrin spots resulted, ‘
The acid hydrolysate of fraction IV was also chromatographed using
procedure i, Twelve ninhydrin spots and one blue bromeresol green spot

resultied, The bromcresol green spot appeared to coincide with one of
the ninhydrin spots, however, this winhydrin spot was cbserved to have
a very reddish coler and to be guite faint making the evaluation of ils
By values very difficuli. The other ninhydrin spots were of the typi-
cal blue<red color. Ho spots were detected with the aniline-phthaliec
anhydride reagent or under ultra~violet light,

The Ry, valus of the 12 spots in each solvent ig given in Table VII,
The spots are nmumbered in the increasing order of their By valus in
solvent no, 1 for purposes of fubure discussicn, Spot no, 2 is the
spot which produced a blue coler with the bromcresol green reagent and
the Ry valuss for this spot in Table VII are caleulated on the basis
of the spot given with this reagent,

Table VIII contains the By values of 19 known compounds which were
chromategraphed by precedure A and the spots detected with the ninbydrin
reagent, The fourth colum in this table contains the number of determin-
ations which were used to determine the By values given in this table,



THE By VAIUES OF THE FYDROLYSIS PRODVCTS OF FRACTION IV

- TABLE VIX

63

EL‘Valua

Rmr | Bolvent Ho, L Bolvent, Ko, 2
1 0.19 0,22
2" 0,21 0.18
3 0.32 0,30
4 0.L5 0,22
5 0.51 0.2L
6 0.6 0.31
7 0,69 0.35
& 0.75 0.52
9 0.91 0.6

10 0,95 0,24
1° 1.03 0.k
12 1,0k 0,22

3 Bromcrescl green spot,
b Yery faint spot.



TABLE VITI
THE Ry VALUES OF KROWN CQMPOUNDS CHROMATOGRAPHED BY PROCEDURE A

Compeund

Solvent No, 1 Solvent No. 2 Determinatiens

Alanine 0,69 0.35 7
A Manine 0,79 0.43 1
Arginine 1.0k 0.22 6
Asparagine® 0.50 0,5k 017 019 2
dgpartic Acid 0,22 0,22 6
Cystine 0.3 0.08 1
Glusosamine o.Th 0.27 1
Mlutamic Acid .32 0.30 6
Glutamine 0,68 0,21 3
Glyeine 0,51 0.2hL 5
Higtidine 0,85 0.18 2
Hydroxyproline 0.79 0,25 1
Lysine 0.95 0.14 6
Methionine™ 0.95 0.94 0,61 0.24 3
Ornithine 0.90 0.13 1
Proline 1.0 0.k2 1
Serine o.L5 0.22 7
Threonine 0.61 0.31 7

0.9 0.61 5

Valine

8 gSee discussion
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From the results pressnted in Tables VII and VIII the spots found
to result on the chromatogram of the acid hydrelysate of fraction IV
(Table VII) may be identified as shown in Table IX. "

TABLE IX
IDENTIFICATION OF SPOTS GIVEN IN TABLE VIX

Spot
Rumber Amino Acid
1 Aspartic Acid
2 v
3 Glutamic Adecdd
b Serine
5 Glycine
6 Threenine
ki Alanine
8 -
9 Valine
10 Lysine
11 -
12 Arginine

The acid hydrelysate of fraction IV was also chromatographed by
procedure B using authentic samples of isoleucine, leucine and phemyl-
alanine as references, A spot corresponding te leucine was found o be



present in the hydrelysate of fraction IV, Therefare, in addition to

the nine amino acids contained in Table IX s leucine appears te be a
constituent of the acid hydrolysate of fraction IV, Spots nmo. 8 and 11
(Table VII and IX) are tentatively assumed to be small molecular weight
peptides inasmuch as these spets are scarcely visible on a chromatogram
uanm sufficient sample to cause the other spots to tend to streak,
Spot no, 11 is gquite close to the BI. values for proline, However, proline
produces a yellow color with ninhydrin whersas spot no, 1l produces a
typical blue~red color with this reagent,

At this point a mixture compossd of the acid hydrolysate of fraction
IV and the amino acids lisgted in Table IX was made up, This mixture was
chromategraphed by procedure i and the spots detected with the nimhydrin
reagent.. No spots other than the erdginal 12 apeots found to be preasent
in the acid hydrolysate were obsémd.

The alkaline hydrelysate of fraction IV was chromatographed by
precedure & and also by procedure B, This hydrolysate ressulted in
considerable streaking of the amino aclds vwhen chromatographed by pro-
cedure A, possibly due to the presence of salts. Therefore, the results
as te the presence or absence of trypiophan were inconclusive, The
alkaline hydrolysate was also not well resclved when chromategraphad
by procedure B, However, the absence of a ninhydrin positive spot in
the region whers tryptophan would be expscted tends to indicate the
absence of this amino acid,

Tryptophan would also seem to be absent due to two other considera-
tionas, The first of these, though somewhat inconclusive, was the
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chbservation that no appreciable discoleration occurred during the acid
hydrelysis af fraction IV, The second consideration was deduced from
the spectroscopic study desoribed in a later section, in agqueous
solution of fraction I¥ has an absorpiion maximum at about 276 mu,
If tryptophan were present an absorption maximwm night be expectsd in
this regien (62}, Spet no. 2 (Table VIX), sluted frem @ chromatogram
of the acid hydrolysate of fraction IV, almo has an absorption maximum
at about 276 mu, Simce spot mo, 2 (Table VII) is not dus Lo tryptophan
it would seem that this aminp soid is absent frem fraction IV inasmch
a.mmmmwmwmmnmmm.zwwwmm
same characteristics in this repgion,

The "non DHPAA" fraction was alsc chromatographed by procedure A,
One yellow spot was visible on the chromatogram at an Ry value of 1,10
and 0.8k in sclvents no, 1 and no, 2 respectively. On treating the
ehromatogrem with the ninhydrin reagent all of the spotas found to be
present in the hydrolysate of fraction IV were found to be present
except mpot no, 10 believed to be lysine, Spot no, 10 was also com-
pletely absent on a chromatogram which contaimed such & large amount of
the "non DHPAA® fraction that the other spots tended toward streaking,
Insofar as conld be determined visually the various spots produced
fram the "non DRPAA™ fraction, with the exception of the lysine spot,
appeared to be present in the same relative amounts as they were in the
hydrolysate frem fraction IV,

In addition to the spots already mentiomed two additional ninhydrin
positive spots were found to be present on the chrematogram of the
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"mon INPAA® fraction, One of these ceinsided with the yellow spot
which was visible before treating the chromatogram with the nimhydrin
reagent, The second new spot had By, valuss of 1,10 and 0,92 in solvents
no, 1 and no, 2 respectively,

The "mon DHPAA® fractlon wes also chromatographed by proecedurs B
and the resulting minhydrin spots compared with an authentic sample of
leucine. A spel corresponding to the known leucine sample was found to
be present in the "non DBPAAY fraction, It was also observed visually
that the spot corresponding to leucine in the "non DNPAAY fraction as
well as the other spots on this ahrmﬁgrm were present in the same

relative amounis as they were on the ghromatogram of the hydrelysats of
fraction IV,

In Table VIYIL twe spots are reperted for asparagine and for
methionine, It is conmsidered possible that one spot in each case
represents an jmpurity in the sample which was used as the chromatographie
standard, Since none of "hha spebs resulting from these two compounds
wers found o result from any of the uninown frac*biax_as studied the iden-
tity of the four spois wers fmt investigated further,

The By value of spot no. 1 (Table VII} in solvent mo, 1 and the Ry
value for aspartic acid (Table VIII) in this solvent do not agree as
well as would be desired, Howsver, since & new spot correspording te
aspartic acid did mot result on the chromatogram on which the nine amine
acids listed in Table IX and the acid hydrolysate of fraction IV wsre
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applied, spot no, 1 1s believed to be aspartic acid, The discrepancy
in By value is posaidbly due to the nearness of spot no, 2 since this
spot also produces & celor with nimhydrin making the location of the
center of spot no, 1 somewhat difficuli,

From the data shown in Tablee VII and VIII it may be concluded
that fraction IV contains a peptide which on acid hydrolysis gives rise
to the amino acids shown in Tsble IX plua & “basic" substance (spot no, 2)
and leuwcine, Tryptophan is belleved to be absent., Inasmuch as the amino
acids appear to be present in the acid hydrolysate of fraction IV in
about the sams molar ratic, as judged from the color intensity of their
ninhydrin spots on the chromatogram, a rough estimate of a minimum mole-
cular weight of about 1500 might be made,

It might alse be concluded that this peptide iz a cyclic one for
the following reasonst The chrematogram of fraction IV did not produce
a ninhydrin spot, Nysine appears to be the only amino acid with a
terminal aminoe group as Jjudged from the absence of spot no, 10 from
the chromatogram of the "non DNPAA" fraction, The presence of the
yellew spot (B values 1.10 and 0.8) on the chromatogram which alsc
pfomd to be ninhydrin positive might suggest that this spot is the
K® DNP derivative of lysine maiing a cyclic structure seem guite likely,

A study of the second new spot (R, values 1,10 and 0.92) on the
chromatogram of the "non DNPAA* fractlom has not been made, However,
since this spot is very faint it is considered possible that it repre-
gents a small molecular weight peptide inasmuch as the hydrelysis in

the gealed tube was only for a perioed of eight hours,
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A mumber of possibilities fer further study would seem to be sug-
geated by this work, The NQ DNP derivative of lysine should perhaps be
prepared (63) and chromategraphed by procedure A4, Also the "DHPAAM
fraction should be studied, possibly by the method of Blaciburn and
Lowther {6L) invelving paper chromatography.

The alkalins hydrolysis should alsc be repeated and the hydrelysis
preducts identified,

4An early experiment should also be conducted te determine the
nature of spet mo, 2 (Table VII), Since this spot has such a low Rp,
value when chromatographed by procedure A, other solvent systems should
be investigated, Spet no, 2 has been eluted (to be deseribed later)
from a chromatogram develepsd by procedure 4, Howsver, this spoet is so
close %o the aspartic acid gpot that this amino acid almost certalnly
contaminates the eluate,

It might also be desirable to determine which isomer of the
individual mmine acids is present in the acid hydrolysate of fractiom IV,
Such a determination has been made by epraying a chromatogram of the
amino #cids in question with a Deamine acid oxidass preparation {65),

" If the amino acid sequsnce 1s to be determined the method of Samger
and Thompson (59) might be suggested,

Spectrescopic Studies Using Praction IV

Throughout the course of this work several attempts have been made
%o correlate the tumor inhibiting activity with the absorption spectrum
of the varieus preparations. ﬁmmvér, guch a correlation apparently has

not been successful,



4n aquecus solution of fraction IV, which was prepared in the dry
state by lyophilization was used to oblain an absorption spectrum in
the region frem 24O mu, to LOD mu, The measurements were mads at 5 mu,
intervals, except in the 250 to 290 mu. region where they were made at
2 mu, intervals, on a model DU Beckman spectrephotometer, An absorption
maximum was found to eccur at abeut 276 ma, and & minimum at about 260
mu,

On geveral occasions the abgorption in the 230 to L4OO mu, region
was measured using the various eluates fram the Dowex 50 columns
deseribed previously, Inasmuch as these fractions wers all very dilute
no sigpificant abserption "pealn" wers observed, However, as & result
of the ahove maximum observed at 276 mu,., the optical density of the
varicus fractions cellected from the lon exchange column might be
measured at 276 mu, and the resulting absorption (optical density)
plotted against the volume of eluate collected at each fraction., Using
this technique a cerrelation could be made between those fractions which
exhibit a maximum biological activity and those exhibliting a maximum
abgorption at 276 mu, If the two "peaks" ceineide a correlation might
sxist between the physical measurement and the blclogical measurement,
If the two Ppeaks” deo not coincide fraction IV must repregent an impure
fractionm,

In another experiment the area represented by spet ne, 2 (Table VII)
was cut out from three chromatograms developed by procedure i, Thp spod
was elutad with about 30 ml, of distilled water and the eluate evaporated
%o dryness, on the revelving cencentrator, and the residue dosiccaﬁeﬂ
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overnight, Aifter desiccation the residue was dissolved im a minimm
volume of water, about 3 ml., and the absorpiion measured in the 240 to
40O mu. region., An absorption maximum was found 4o be present at about
276 wu, and & mintmum at about 265 mu, Dus to the nearness of the
aspartic aclid spot (spot me, 1, Table VII) on the chromategram the
eluate jJust described quite possibly was contaminated with this amino
acid, However, since the abserpition spectrum of aspartic acid does not
show an absorption maximum at 276 mu, (66) it would appear that the
abgorption at this wave length is due %o the "basic" substance (spet
no, 2, Table VII),

An aliguot of fractien IV which wag prepared in the dry state by
lyophilization was 21so used te prepare & mujol mull on sedium chleride
windows, The abseorption spectrum was determined using the Perkin-Elmer
specirophotometer model 21 in the region from 2 u, to about 15 u,

A photegraphic repreoduction of the resuliing spectrum is presented as
Figure 2, Altheugh the spectrum in itself doss not appear to present
too much information it was felt that it might be of value for compara-
tive purpeses and for correlation with additional chemical studies which
might be conducted in the future. The spectrun would seem to be in
agreement with the peptide structure postulated for fraction IV inasmuch
as it appears to centain the typical band at 3,05 u, and alse the amide T
and amide II band at about 6,1 and 6.5 u, respectively, A number of
other weak absorption bands can be obszerved, which if examined by an
experienced spectroscopist might help to corroborate the purposed amino
acid composition of fractiem IV,
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THE ABSORPTION SPECTRUM OF FRACTION IV IN THE

INFRARED REGION

FIGURE 2
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CHAPTER V

CORCLUSIORS

By referring to the assay results for the various samples (see
Appendix) i% can be seen that mearly all of the samples tested were toxic
to the mice as judged by the weight loss of the ireated mice as compared
te the conirols and also by ém number of deaths, It would also appear
that the toxicity of fraction IV (samples LLOO and LL06) was approxi-
mteljr the same as the toxicity ef fraction III (see Table II and the
Appendix), However, this might not actually be the case since the
maximum tolerated dose was givem in each case,

If the toxicity is compared te that of asaserine and amethepterin,
two of the most potent inhibitors of sarcoma 180, (25) a comparable
toxieity can be seen, Azaserine at a dose of 5 mg,/kg./day resulted
in a weight change of {-};,0/-0.5) and in a second test of («4.5/-1.5).
One or twe deaths occurred during the first test, iAmethopterin at a
dose of 1,5 mg,/kg./day resuited in a weight change of (-2,5/-1.0) and
in a weight change of (~3,0/-0,5) at a dose of 2,0 mg./kg./day. In the
ncoﬁd test one or two deaths occurred, At these dosagss both of these
compounds exhibit a grjater inhibition than was exhibited by the fractions
prepared in this work, The tumor diameters in the two tests for azaserine
were (0,30/0.96) and(0,27/1.22). For amesthopterin they were (0..5/0.89)
and (0.22/0.92) .

Th
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It would therefore seem desirable to attempt to sdectively hydrolyze
the puﬁtide structure (fraction IV) to obtain a biolegically active
residue. Ritchie (23) attempted to detoxify one of his preparations by
treatment with trypsin, Although the results were inconclusive further
study on a more purified fmetien (fraction I¥) should be undertaken,

In the course of this work a considerabls purification of ome active
principle (fraction IV) has been described and evidence presented to
indlcate that thie fractiom eontains a cyclic peptide composed of ten
amine acids and a "basic® substance. The pnrification of a second active
fraction (fraction V) was also described, however, attempts to obtain
a solid preoduct contaiming activity frem this fraction were unsuccessful,
Ho studies as to the chemical composition of fraction V were carried out,

It would seem desirable at this point to study the sedimentation
behavier of both fraction IV amd fraction V, especially fraction IV, in
the ultracentrifuge, OSuch a study would be expected to supply inferm-
ation as to the purity of thess fractions and might also be used to
obtain a molscular weight measurement,

A1l of the assay work with sarcoma 180 was carried out om a rouline
basis, It would be interesting to investigate the tumor inhibition
somewhat further and also to screen the activity against other tumors,
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SUMMARY

1, A method for the preparation of two tumor inhibiting fractions from

the musliroom Boletus edulis was described.

2, Bvidence indicating that ome of the tumor inhibitors is a cycliec

peptide containing 10 amino acids and a "basic" substance was pre-
sented,

3. Numerocus suggestions for further study were presented.
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PART XI

THE METABOLIC INCORPORATION OF FORMALDEHYDE
INTO THE RICOTINE RQMUTHYL CROUP IN



INTROIUCTION

Transmethylation, the intermolecular transfer of methyl groups, was
demonstrated in animals by du Vigneaud et al. (1), Transmethylation was
demonstrated to occur in higher plants by Byerrum et al. (2,3,k4).

A number of cempounds have been showm to be methyl group precursors
in various plants in this laboratory, Brown and Byerrum (2), using
methlonine labeled with C~lk in the methyl group, showed that this com-
pound gave rise to nicotine labeled in the methyl group in tebacco plant
metabolism, They alse demonstrated that the carbon atom of formate
could serve as & precursor of the methyl group of nicotine, However,
using C-1l; labeled formate, the formate was incorporated into the nico-
tine methyl group only to about one~tenth the extent of that resulting
from the methionine methyl group, The methyl group of methionine and
the carbon atom of formate were also shown to be precursors for the
methoxyl group of lignim in barley plants (k). Sato (5) demonstrated
that the methyl group of methionine could give rise to the methoxyl group
(methyl ester) of pectin in radish plants, Sato (5) also demonstrated
the incorporation of the methyl groups of glycine betaine inte the nico-
tine N-methyl group teo an extent approximately equal to the incorperation
of the methyl group of methionine, Byerrum and ing (6) sbowed that the
methyl groups ef choline can give rise to the nicotine methyl group to
about the same extent as formate, Byerrum et al. (7) have also shown

that the alpha carbon of glycine can give rise to the N-methyl carbon of
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nicetine to a aslightly greater extent than the methyl group of methieninme.
In this study (7) the carboxyl sarben ef glyeine did not give rise to

the nicotine Nemethyl carbon, Dewey {8) fed caloimm glycolate-2-C — to
tobavco plants and obmerved a labeling of the micotine in the methyl

group teo about the same extent as obgerved in the sarlier stuiy (2) when
methionine wan administered to the tebacco plants, Byerrum et al, (9)
have alse demonstrated Ybat Dleserine<dC = can give riss to nicotime
1abeled in the Nemethyl group to aboub the same extent as that which re-
sulta from the methyl group of methionine,

Various other investigators have studied comparable metsbolie re-
actions in ether plw‘im Kirlwood gt 81, (10,11) were unable te demon-
strate the incerporation of the methyl carben atoms of choline into the
methyl carben stoms of the alkaloids hordenine of barley and ricinine of
casztor bsams, although methionine resulted in the labeling of both
alkaloids, Sribpey and Kirkwoed (12) were able to demonwtrate that
glyceine betaine can donate methyl groups %o the alkaloids Nemethyl
trysmine and herdemine of barley plamts,

The above studies, especially those in tobacco plants, indicate
the eceurrence of an over-all reductive metabelic reaction for the syn-
thesis of methyl groups in addition to the reaciion resultinmg in the
formation of methylated compounds by tramsmethylation. It was therefore
of interest to study the irtermediary metsbellism of the reductive rew
action,

The alphs carben of glycine was not converted to the methyl carben
of nicotine to a major extent via the carbon atem of formate since the



latter is incerperated into nicotine to & much lesser extent than the
#lpha carbon of glyeine, 'Similsrly the alpha carben ef glycins was not
converted to the micotine methyl greup to & majer extent via the methyl
groups of cholimes, betaine or methiionine or via the alpha carbon of
glycolate since these carnon atoms are incerporated into the nicotine
methyl group &t an equal or lower rate than is the alpha carben of glycine,

mmmﬂmmnm“wmnsmm give rise to the methyl
group of methienine to the same or a somewhat greater extent than the
carbon atom of fermate {13) while the alphs carbon of glycine was ine
corporated only to about ene-sizth the extent of the beta carbon of
serine, Stelel et al. (1h) demonstrated that the beta curbom of serime
enters the methyl groups of choline in greater amounts than does either
formate or the alpha carben of glycine, Formaldehyds and formate appear
te enter methyl groups to a similar extent in animal metabolism (15,16),

In animal metabolism it has been postulated thai the alpha carbon
of glycime may enter methyl groups through serine (13,17). In tobacco
planta, however, this does nol appear te be the cage since the beta
carbon of Dl~serine was incorporated into ths methyl group of nicotine
to0 an egqual or somewhat lesser extent than was the alpha carben of
glycine, |

It was therefore considered possible that the beta carben of serius
wdthealpmmorglmmami@t give rise to a l-carbon unit at
the exidaticn state of formaldehyde, With this pestulate in mind form-
aldshyde-C>* was fed to tobacce plants and the extent of incorporation
of C-ll into the nicotine methyl group determined, If the hypothesis



were covrect the carbon atem of formaldelyde weuld be expected to be
incorporated into the nicotins methyl carbon to a greater extent than
either the beta carbon of serine or the slpha carbon of glycine, The
present study tends o indicate that such a hypothesis might be correct.



Previous studies in this laboratory (2-9,27) have shown that
tobacce plants can abserb various eorganic compounds through their root
systeme from a - putrient solution, The hydrepenic precedure of admine
istering the i"wmldewn was also used in this study since it was
desired to make a valid comparison with the earlier work.

Preparation of Plants

The tobacco plants used in thess experiments were of a high nidetine
strain, Nicotiana rustica L., var, mumilis, The seeds were planted in
flats containing mieul&te* and itransplanted after a two to three week

peried, The plants wers watered twice weeldy with a mutrient solutien
compozed of 1 g. MgS0,°THy0, 1 g, K HPO,, 5.8 g. Ca(NOg),+kH 0 and & 1,
ef tap water, On the remaining days of the week they wore watered with
ordinary tap water,

The plants were grown in the flats in the greenhouse for about
three months, Although the sxtent of growth varied with seasensl con-
ditions, the plants were approximately six inches in height after this
period of growth, Some budding and flowering was noted in the first
experiment during the experimental growth perioed, which was during the
summer months, However, badding and flowering were absent during the
second experiment, conducted im the antum, and during the third experi-
ment, conducted during the early winter mtm. |

* A commercial brand of heat sxpanded mieca,
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To prepare the plants for hydropenic adwinistration of the form-
aldehyde they were first vemoved frem the flats and the vermiculite
carefully removed from the roets as completely as possible, The roeots
were then washed with water %o free them of any remaining extraneocus
material, After washing the roots the plants were lmmersed in 50 mnl, of
sn inorganic mutrient solution contalned in a 125 ml. Erlermeyer £lask,
The matrient solution was prepared by diluting a steck mutrient solutiem
1:3 (v/v) with distilled water, The composition of the stock mutrient
solution is given in Tabls I. The various weights of the imerganic
salts shownm in Table I pefer to the anhydrous compound., One milliliter
| of an aquecus solutien comtaining 0.5 mg. of aursomycin was also added
to each flask to reduce the Mﬂaﬁm of microorganisms,

Water 11, Hagnesivm gulfate 250 mg,

Caleium nitrate 1lg. Ammenium sulfate 250 mg.,
Potassium chlorides 250 mg,  Potassiwn dihydrogen 250 mg,
phosphate

Ferrie chloeride 2 mg.

In the actual fssding experiments the t’wmaldemacu was then
added 4o the Hrlemmeyer flask and a cotton plug placed in the meck of
the flagk avound the sten tzo decrease the loss of formaldshyde through
volatilization, The plante were allowed to grow for 7 days in a special
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m-mwavaiawhmwmmmﬁmm”mm the use of
radiosstive material,

Artificial 1ighting was used during the 7 day growth perfod. The
source of light consisted of two 36 inch 30 watt fluerescent tubes and
ome 100 watl inoandescent bulb, The lights were placed about 1l inches
above the tep of the plants and were found to produce 3 1light intensity
1n the rangs of 200-250 foot candles &t the top of the leaves, The
lights were loft on for 12 hours each day,

Darieg the 7 day peried water was added to the Erlemmeyer flasks as
neceagary to maintain the volume of selutlon at approzimately 50 ml,

paration of Pernaldehvde Sglutions

4 sgtandard fermaldehyde solutlion was prepared by diluting about
1 ml, of a 36 per cond féma&dslmle golution to abeut 1 1, The result-
ing solution was standardised by the dimedon method as described by
Yoo and Reid (18). Triplicate 25 ml, aliquots of the formaldehyde solu-
$ion wers used, The formaldehyde solution was added te a solution con~
taining 100 ml, of the sodiwm acetatehydrochloric acid buffer pH 4.6 am
25 ml, of a saturated solution of dimeden, After standing abeut 18
hours with occagional shaking the dime
on & tared sintered glass crucible and dried at 60°C, The weight of the
precipitate times the factor 0,1027 gave the weight of formaldehyde

don derivative was filtered off

gontained in the solution used for the detemmination,

The fmmmw“ solution (purchased from the Isectopes Special-
ties Co,, Inc,, Clendele, Calif,) was also standardiged as to fermalde-
hyde centent and redicactivily by diluting an aliquet of it with the
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standard formaldehyde solution mentioned above and the formaldehyde
eontent determined by the dimedon methed, The specific activity
(c.pum, /o) of the dimedon derivative of formaldehyde was determined by
the method desoribad below,

A1l radioactivity measurewernts mra made by counting an "infinitely
hin" layer of the compound contained in an aluminum counting diss
having an area o¢f 2,83 sq, cm. The sounts were made with a thin end
window GeigsrMifller tube and a NMuclear Instrument snd Chemical Corpora~
tion scaler., The efficlency of the tube as used was aboub 2 per cent,

{For caloulations see Appondix)

Befors administering the formaldehyde-C — to the plamts it was
necessary %o estsblish that formaldehyde weuld be taksn up by the plants
frem a mutrient selution and alse whether it might be toxic whaama;
istersd in low concentrations,

Two tobacco planmts were therefore placed individually in 125 ml,
Erlemmeyer flasks containing the mutrient solution and aureomycin as
described previously, To each flask was added a volume of ithe standard
formaldehyde selution equivalent to 1.7 mg. of formaldehyde, The cotten
plug was inperted in the neck of the flask and the plants were grown
for a two day period,

At the end of tha two day perioed the planis wers removed from the
flagks and the roots washed with a stream of distilled water from a
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wash bettle, The wash solution was combined with the mtrient solution
remaining in the flask and the vesulting solutSon anslyzed for remalming
formildehyde using the colerimetric method involving reaction with
phenylhydrasine and potassiim ferricyanids described by Tanembaum and
Bricker (19). Using this methed 89 per cent of the formaldshyde was
found to have ai'sappamd from the flasls,

It was considered possible that this disspp

represented a reaction of the formaldehyde with the proteins of the rect
sorfaces and not true abmtim. That this was hot the case was demon~
strated in an experiment in which about 6 root fragments 1 em, in Jength
were added to each of two Erlemmsyer flasks containing the nuirient soluw
tien, aureomycin and 1,7 mg, of formaldehyde as deacribed previously.
After & %wo day period no loss of formaldehyde was detented, In & contrel
sypsriment in which the formaldehyds was incubated with only the mutrient
solution and the aureomycin ne detectable loss of formaldehyde due to
volatilization was observed.

That the formeldehyde was metadbolized by the plant was demonsirated
by the gbservation that radicactivity spread rapidly throughout the
plant when fﬁmﬂé&w“ was used during the actual feeding experi-
ments, The cancentration of formaldehyds used had no adverse effect on
$he plants as judged by normal growth and eppearance during the T day

The molar gquartity of fermaldehyde used per plant was calculated to
be 1.3 x 10“5 moles in all three experiments, This molar quantity was
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used &v that a compariscn could be made with the efarliar'e@oﬁmts
earried out in this leberatery, In experiments 1 and 2 the 1.3k x 10

‘moles of formaldehyde contained 2,39 x 10 c.pm, In experiment 3 the
radicastivity wae 1 x 105 <¢.pa, Thirty plants were used for each
exparinent ,

Xsolation and Purification of Nicotine
After the 7 day growing perfod the plants were removed frem the
ﬂasks and the roots washed with distilled water. The excess water

was blotted off with cheese cloth, The plants were them cut into small
plecez with scissors and dried under infrared lamps as rapidly as
;aéssible, The temperature was kept ab 86306. for an hour near the end
of the drying peried,

The dried materisl was finely ground in a mortar wilh 20 per cent
of ity weight of calcium hydrexide. | The resulting mixture was steam
distilled until the distillate gave no precipitate with si}icet:mgst&c
acid, indicating that the alkalolds wers no lenger pmaan; in the dis-
tilate. The distillate was collected in 5 ml, of & N hydrhloric
acid and concentrated in vacuo on the revolving concentrator described
by Craig et al, (20). The resulting residue was azeotropically distilled
from an glksline medium, the distillate being collected in the hydm-'
chlore acid solutlen., The concentration followed by azeotropic distillae-
tion wes repeated a second time to purify the micotine (21), The dis-
tillate from the second ageotropic distillation was collected in hydro~
ehleric 22id and concentrated to dryness and desiccated overmight,



The resulting micetine hydrochloride was dissolved im a small amount of
water (about 1 ml.) and & saturated methanelic selution of pieric acid
added in excess, ifter stamding o short time (about 0.5 lr.) the
precipitate of nicotine dipisrate which forms was removed by filtration
or & sintered glass funmel and washed with methanol, The dipicrate

was then recrystallticed from hot water end éeﬁmtad over talcium
chloride,

The dried nicotine diplerate was plated on alunimum discs and its
radicactivity determined as desoribed previously.

The radicactivity observed %o be pressent in the dipicrate im the
three experiments 1s shown in Table IXI, Since in the previous studies
in this laboratory a radioactivity of 1 = w’ ¢.p.Jgi, per plant was used,
the radicactivity expressed in Table II feor experiments 1 and 2 was
sporid to the previous studies by dividing the radio-
activity by the factor 2,39, In expsriment 3 a radieactivity of 1 x 10

¢.p.m, vas fad to each plant therefore no corrsction was necessary,

It should be noted that although a different radicactivity was used in
experiments 1 and 2, the same molar quantity ef formaldehyde was used
in all three experiments,

Since the nicotine dipicrate was found to be radicactive it was
desired to detemmine the extent of redicactivity contained in the
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nicotine N-methyl group as a result of feeding the formaldehyde~C



Singe the micotfne dipicrate was. found te be quite inscluble and
‘ungulted for demethylation (2) the nicotine was recovered from the
dipicrate, About 200 mg, of the nicotine dipicrate was disselved in
lde solution amd the nicotine isolated by azeotropic
distillation through s Widmer colmm, The scidiffed distillate was
cencentrated %o dryness in vacus, the concentration being completed in
the flask from the demethylation apparatus,

The demethylatiom procedure followed was essentially that of
Pregl (22) as modified by Simmonds st al. {23) and Brown and Byerrum (2).
The apparatus described by Brewn and Byerrum (2) wam used, Using this
procedure the methyl group is isvlated as methyltriethylammonium iodide,
a white orystalline compound sultable for counting.

The reaction {lask containing the nmicotine hydrochlorids, vecovered
Irom the diplorate, was attached to the remsinder of the demeihylatien
apparatus and the follewing compounds added based on 50 mg, of nicotinet
kS mg. of smmeniwm lodide, two drops of & S per cent solutien of geld
chleride and 3 ml, of hydroiedic acid, The gas washing apparatus con~-
tained 0,75 mi. of a 5§ per cent solubion of cadmium sulfate and 0,75 ml,
of & 5 per cemt solution of sedium thlosulfate te remove iodine and

hydrogen iedide., The receiver contained a 5 per cent sthanclic solutien
of triethylamine cooled in & solid carbon dioxlde-methyl callesolve bath,
A stresm of nitrogen was passed through the reaction train during the
sntire demethylatien,

The reactien flask was placed in a copper oxide bath and heated to
200°C. in 20+25 minutes, The temperature was then slowly raised te



350-360°C, and maintained at that temperature for LS mimutes. After the
heating peried the apparetus was allewed to cool. The stream of ndtrogen
was contimied during the cooling peried. The delivery tube wes then
ringed with ethamol into the receiver wiich was them stoppered, shaken
mmamtmwmmm@tm room temperature. The mext merning
the major portion of the othanol and excess tristhylamine were evaperated
over an infrared lamp, The lash of he othanel and triethylamine were
removed in a wecuum desiecator. The methyltriethylammonium iodide
recovered was a white erystalline compound,

| The quastermary compound was dissolved im a small amount of ethanel
and plated on tarved aluminmunm counting discs, The etharwl was evaporated
over an infraved lawp and the disc reweighed to obtain the pample weight,
The disss were counted as deserided previously. The resmlis are ex-
pressed as counts per minute per millimole {o.p.m.) in Table II, The
observed radicactivity in the gquarternary compound was divided by the
faster 2,39 te correct fer the larger radicactivity used in experiment 2,
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RESULTS

TABLYE X1

INCORPORATION OF FORMALDEHYDE INTO THE N-METHYL
GROUP OF NICOTINE

Maximum Specific Activity Per cent

_ égountg per minute s millimole) Radicactivity
Experiment icotine pthyltriathyl- Recovered in
Rumber Dipicrate ammenium fodide Msthyl Group
2 2.39 x 104 2.3h x 10* 98
3 0.87 x 10* 0.80 x 10" 92

These results show that the carbon atom of formaldehyde is
incorperated inte the nicotine Nemethyl group. They also show that,
within the limits of experimental error, none of the formaldehyde was
utilized for the bio-synthesis of the nicotine ring system under the
conditions of this experiment,.
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The reason for the variation in radisectivity ef the nicotine iso-
lated in the three experiments 1s uninowm, Since the experiments were
conducted during different seasons of ths year it is considered possible
that the variatien is explained by a seasemal variatien in growth and
metabolism. 4 cowparable variation was alsc observed in the previeus
studles conducted im this lsboratery,

Comparing the resilts showa in Table II to the previous studies
conducted in this laboratery, formaldeliyde appears to enter the nicotine
B-methyl group in about 3~k btimes the quantity of the beta carbom of
Dimgerine, The alpha carbon of glycine was incorporated te about twice
the extent of the metlyl carbon of methienine and only slightly greater
than the beta carben of serine, Hethionine wes incorporated te about
the same extend as glycolate which was about 10 times the extent of
formate, From this compsrisen it is obvioua that formaldehyde was
incorperated %o the greatest extent of any of the precursors studied,

It would thersfore appear that in the synthesis of the nicotine
H-methyl group neither formsldebyds mor the alpha carbon of glycine is
metabolized to a major extent by way of the beta carbon of serine,

In animal metabelism it has been postulated that the alpha carbon of
glycine ean emter wethyl groups through ssrine (13,17),

Based on studles in this laboratory, & more reastmable suggestion

would be that the reverse reaction eccurs with serinme giving rise te
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glycine plus a l-sarbon unit closely related to formaldehyde. The
possibility of such & reattion 13 in liwe with the cbservation by

Elwyn ot al. (2L) that serine is not oxidized to formate in the formation
of mothyl greups in the rat,

The incerporation of the alpha carbem of glyvine into the methyl
group of nicotine %o & lszser extent tham formaldehyde might seggest at
least three possible wechunisms, The glyvine might be hydrolytically
ated to give glycclate which could then split to form two 1=
carbon units, The lecarben unit ardsing from the carboxyl group might
be expected to bs at the oxidation state of carbon dioxide and the
lecarbon wnlt arising frem the alpha carbonm at the oxidatioen state ef
fermaldehyde, Such a pathway would be in line with the observation
that the carboxyl carbon of glyeine did not enter the methyl group of
nicotine (7) since there i@ no indication that carbon dioxide can be
reduced to any ene carben cempound (15,25,26), Howsver, if sueh a path-
way, from glycine to glycolate, does exist glycolate would be expected
sroporated dnte the nicotine Nemethyl group to a greater extent
thap is the alpha carbon of glycine., Simve the reverse order of
incerporation wes observed, glycine is apparently not hydrelytically
deaminated o produce glycolate in the metabolic pathway from the alpha
carbon of glycins te the methyl group of nicotine,

A seoond pessible pathway from glycine bo the nicotine Nemethyl
group might be through glyexylate, Such a reaction pathway weuld
invelve oxidative deamination of the glycine followed by cleavage into
two l-carbon units, one at the oxidation state of carbon diexide and a
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second ab the oxidation state of formate (27), Such a petiway would
also seem to bs wnlikely since formate is incorporated inte the methyl
group of nicotine %c a much lewwer extent than is the alpha carbom of

The third possidility for the conversion of the alpha carbon of
glycine to the mwt:xm N-mothyl group might involve reaction of the
glycine as such, &.g. with the nitregen and alpha carbom intact, Such
a posaivility has been suggested by Hamill {(28), If such a patiway does
exist it would suggest that the incorporaticn of the alpha carbom of
glycine and the carbon atem of formaldshyde take place by a different
pathwmy, Such & possibility might be investigated by using glycine
labeled with N~15 in the amine group and C-1L in the alpha carbon, If
the K-15 to C~ll ratio remains the same in the isolated nicotine the
possibility of such a mechanism would seem to exist,

In conclusion, 4f the present work is compared to the previous
studles it would seem to indicate that the beta caroon of serime, the
alphe carbon of plycine and the alpha carbon of glycolate can give rise
40 a lecarbon unit which would appear toc be closely related to
fermaldehyde, Such an %active formaldeliyde® has baen postulated by
Berg (29) and ales by Klsliuk and Sakami {30}, MHors recently Kisliuk
and Sakami (31) have presented the results of an additiomal study wiich
would smem to indicate the existence of an "active fourmaldehyde™ in
animal metabolism whick appears to result from the cembination of forme
aldehyde and tetrahydrofolic acid, If such a compound dees exist in the
metabolism of higher plante it might explain the failure of radleactive



formaldehyds being detegted after giving plants radioactive carbon di-
oxids (32), since such an observation would tend %o indicate that
formaldehyde dees not exist free, as such, in the plant, Obvieusly a
final decision &8 te the nature of the "active formaldehyde™, if such a
compeund does exist, in tebasco plants must awalt the result of addi-
tional study,
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SOMBIARY
3 ?W&WM was administered to & high nicotins strain ef
tobacce, Wm&tﬁm L., var, humilis, The nicotine isoclated
from the %hae»cﬁ plants was fourd to possess radicactivity.
Demethylation experiments showed that within the limits of experi-
mental error all of the activity wzs located in the methyl greup.

2. The results show that the carbon atem of formaldehyde ds incorporated
into the nicotine Wemethyl group te the greatest extent of any of the
methyl group precursers studied in thiz labor:tory,

3. A comparison and a discussisn of the resulis in terms of the previoua
studies is given,
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APPENDTIX

The formula used in correcting the cbserved count to zero sample
thiclness wast

- w ﬁ!g‘ H
Am e D
where 4, = maximum specific activity (eounts /minute /millimole)
Cy = observed count (ceunts/mimbe)
H = molecular weight of cempound
W = weight of sample counted
b = fraction of maximum activity at the gsample thickness
used {T)-—gbtained from self-absorption curve,
Sample calsulation:
Wicotine dipiorate -- C, = 1102 c¢.p.m,

W o= 62 8 mgg

H = 620 a
T = 22,2 ng.fon,
D = 0,285

= 3,82 x 10* ¢.p,m, /oM




