160

1950,

2. Ham, T. H., Dingle, J. H.,, J. Clin. Invest.,
1939, v18, 357. )

3. Crosby, W. H., Blood, 1939, v8, 769.

4. Pillemer, L., Blum, L., Lepow, I. H. Ross,
0. A, Todd, E. W., and Wardlaw, A. C., Science,
1934, v120, 279.

5. Weisman, R., Ham, T. H,, Hinz, C. F,, Jr., and
Harris, J. W., Tr. Assn. Am. Physn., 1955, in press.

6. Watson, L. J., and Paine, J. R,, ibid., 1942, v37,
249,

PAB MetaBorisMm 1N Escherichia coli

7. Mertz, E. R, and Owen, C. A., Proc. Soc. Exp.
Bior. aANpD MED., 1940, v43, 204,

8. Davson, H., Textbook of General Physiology,
The Blakiston Company, 1952.

9. Shen, S. C., Castle, W. B., and Fleming, E. M.,
Science, 1944, v100, 387.

10. Ham, T. H., Shen, S. C., Fleming, E. M., and
Castle, W. B., Blood, 1948, v3, 373.

Received December 14, 1955. P.S.E.B.M., 1936, v91,

Metabolism of Radioactive Para-Aminobenzoic Acid in an Escherichia coli

Mutant.*

(22199)

CrarkE DavisoN, H. Georce MaNDEL, E. A, Brown,t anp Paur K. SmrTs.
Department of Pharmacologv, George Washington University School of Medicine, Washington, D.C.

While metabolism of para-aminobenzoate
(PAB) has been extensively investigated in
the mammalian body(1,2), its function and
biochemical transformations in microorgan-
isms are still obscure. Conversion of PAB
into folic acid and the citrovorum factor oc-
curs in some organisms(3,4) although there
is' some question whether these are the active
forms of PAB. A number of other routes of
metabolism have been reported. Davis(5,6)
has implicated PAB in the metabolism by
Escherichia coli of tryptophane, tyrosine and
other aromatic compounds, as well as vit. By,.
Ratner et al.(7) isolated a glutamic acid pep-
tide of PAB from yeast, and Flynn e al.(8)
have found in 2 strains of streptococci an
antibiotic containing PAB and cytosine among
its components. Sloane ef ¢/.(9) identified
aniline and p-aminophenol as degradation
products in Mycobacterium smegmatis. The
present studies had their inception in the iso-
lation by Lampen, Roepke, and Jones(10) of
an X-ray mutant of E. coli which required
exogenous PAB for growth but apparently did

* Supported in part by grant from U. S. Atomic
Energy Commission, Contract No. AT(30-1)-1107
and the U. S. Air Force, Contract No. AF 18(600)
-853.

t Portions of these data were used in partial satis-
faction of requirements for degree of Master of
Science, George Washington University.

not utilize it in producing folic acid. Since the
wild strain of this organism normally has no

“requirement for preformed PAB. it seemed of

interest to investigate the fate of this com-
pound labeled with C** in such a mutant.
Materials and methods. PAB used was
labeled in the carboxyl group with carbon 14
and had a specific activity of 0.037 mC/mg.}
The mutant of E. coli (ATCC No. 9723a) was
grown on basal medium modified from that of
Cohen and Arbogast(11) by use of 0.4% glu-
cose. The medium of Lampen ef al.(10) con-
tained asparagine as well, but this substance
was not necessary for maximum growth, and
was omitted to facilitate isolations. Organ-
isms were grown in 3 liter batches with aera-
tion for 24 hours at PAB concentration of
0.01 ug/ml. Experiments in which PAB level
was 0.05 pg/ml gave similar results. Bac-
terial suspensions were filtered on Buechner
funnel using Celite as filter aid. The filtrate
contained less than 20% of total radioactivity.
The cells, plus filter-aid, were suspended in
water and made up to 60% acetone-water
(v/v) by addition of acetone. The residue
was filtered off, re-extracted, and extracts, con-
taining approximately half the total cell radio-
activity, were combined. Subsequent extrac-
tions of cells with hot acetone, chloroform,

} Purchased from Atomic Energy Commission,
Los Alamos Laboratories.
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TABLE 1. R, Values of Various PAB Derivatives.

Compound or extract Solvent 1 Solvent 2
60% acetone extract  .15,.22,.48 .87-.95
PAB 78 .69
Folic acid 31, (19)*
N®-formyl folic acid  .36,.55,.75 .36,.55,.74
(.28, .55,.70)*
Natural citrovorum .55,.71 .46, .64
factort
Leucovorin .36,.55,.71 .49, .64, (.65)*
Pteroic acid (.04)*
Pteroylglutamyl-alpha- (17)*
glutamic acid
Pteroylglutamyl-gamma- (.35)*
glutamic acid
Pteroylglutamyl-gamma- (.16, .34)*
glutamyl-gamma-glu-
tamie acid
p-aminobenzoylglu- .68 90
tamic acid
Pp-aminobenzoylaspar- .62 .88
tic acid

* These figures from Wieland et al.(12).
t Obtained through the ecourtesy of Dr. K.
Schwarz, N, I. H.

and petroleum ether removed practically no
tadioactivity. An additional 30-40% of the
original total radioactivity of cells could be
extracted with water. Extracts were lyophil-
ized and kept at -20°C until they were

analyzed.
Results. Chromatographic separation of
fractions. The bacterial extracts were sub-

jected to ascending paper chromatography on
‘Whatman No. 1 filter paper to investigate the
nature of radioactive components. The be-
havior in the systems investigated led to the
conclusion that PAB, folic acid, citrovorum
factor, and several other related compounds
were not among the bacterial metabolites, al-
though good resolution of radioactive spots
was never attained. The R; values of various
:substances obtained in 2 systems, including
results observed by Wieland et al.(12) are
indicated in Table I. The solvent systems
‘were 1) methanol, iso-butanol, water (1:1:1,
v/v) and 2) 5% ammonium citrate buffer of
PpH 9 saturated with iso-amyl alcohol. Folic
acid and its derivatives were located by ultra-
violet absorption; PAB and its amino acid
derivatives by the Bratton-Marshall aromatic
amine reaction(13).. Several of the folic acid
compounds give more than one spot in certain

161

solvents. Detection of the unknown was
solely on the basis of direct radioactive assay
of the paper strips, since there was insufficient
materjal present for chemical identification or
for spectrum analysis.

Because of the low recovery of radioactivity
and poor definition of spots on the paper
strips, column chromatographic separations
were undertaken. Radioactivity was too
tightly bound on Dowex 1 anion exchange
resin, but chromatography on Dowex 50 ca-
tion exchange resin (10% cross-linkage, 200-
400 mesh) provided separation. For elution
0.1 M ammonium acetate buffers were selected
because they lent themselves to easy removal.
The columns finally used were 100 cm by 0.9
cm, and were initially equilibrated with pH
3.32 buffer. Fractions of about 5 ml were
taken and suitable aliquots were radioassayed.
Three large radioactive peaks, denoted as B,
C, and D in Fig. 1, were detected in the 60%
acetone extract. The water extract contained
mainly an additional peak, marked as fraction
A, along with small amounts of B, C, and D.
Fig. 1 shows typical elution patterns-obtained
at different pH values, PAB has never been
seen in more than trace amounts and is eluted
in pH 5.9 buffer. The supernatant medium
was analyzed in the same chromatographic
system and radioactivity was found to consist
chiefly of PAB.

For comparison a series of pure compounds
were subjected to the same separation pro-
cedure. Para-aminobenzoylglutamate and as-
partate both emerge at the position of fraction
C, but were definitely distinguishable from C

60% Acetone Extract
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FIG. 1. Elution patterns of PAB metabolites.
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by paper chromatography in a solvent of con-
centrated acetic acid, iso-propanol, concen-
trated ammonium hydroxide (3:2:1, v/v).
Fraction C has an R; of 0.30, while the 2
amides have R¢ values of 0.78 and 0.74 respec-
tively. Folic acid, formylfolic acid, and leuco-
vorin are eluted in the general range of frac-
tion D but again have been eliminated as
possible metabolites by paper chromatography
in the above solvent system, where D has an
R; of 0.30 while the 3 folic acid derivatives
have values of 0.55, 0.80, and 0.64 respec-
tively.

Acidic hydrolysates of all 4 metabolic frac-
tions, prepared by refluxing with equal parts
of concentrated hydrochloric and formic acids
for 16 hours, and the corresponding basic hy-
drolysates, resulting from boiling with 1 M
sodium hydroxide for 2 hours, were rechro-
matographed on the columns. In every case,
PAB was identified as a major component of
the hydrolysate.

It seems probable that the 4 metabolic frac-
tions are closely related to each other, perhaps
as degradation products, for on rechromato-
graphing each separate fraction, some of the
other fractions were formed. During this sub-
sequent treatment fraction D was always
formed in largest amount, and may represent
the simplest compound.

The addition of methionine, asparagine or
a mixture of other amino acids to the growth
medium did not alter the elution pattern of
the bacterial products, in spite of the observa-
tion of Lampen et al.(10) that some of these
compounds spared a large portion of the PAB
requirement of the mutant.

Growth of the mutant with PAB substitutes.
A number of other compounds were tested
for their ability to promote growth of the
mutant. Growth was measured turbidimetri-
cally at 430 mu. It was felt that extension
of such studies, initiated by Lampen et al.
(10), might facilitate identification of the 4
fractions. Certain of these compounds have
been implicated with PAB metabolism in
other organisms, either by replacing its re-
quirement for the compound or as metabolites.
Some of these data are seen in Table II.

In confirmation of Lampen ef al.(10), the
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TABLE II. Growth Promotion of E. coli Mutant
by Various Substances.

Cone. for half
max growth—
40 hr (ug/ml)

PAB .001
p-aminosalicylie acid .001*
p-aminobenzoylglutamic acid 1
p-aminobenzoyl aspartie acid
p-formamido henzoie acid

p-formamido salieylic acid
N-formyl-p-aminobenzoylglutamic acid
N-formyl-p-aminobenzoylaspartic acid
Folie acid

Formylfolie acid
p-aminohippurie acid
p-acetamidobenzoic acid
p-acetamidosalicylic acid
Pantothenie acid
Aniline

Vit. B,
p-hydroxybenzoic acid
3-hydroxy-4-aminobenzoic acid
p-aminophenol
XN-acetyl-p-aminophenol
Pyridoxine

Leucovorin

* Delayed.

Drug

coobkHbN

e

DAV U D D D

No growth,
Idem

folic acid-like compounds were only weakly
effective. Most other substances studied were
without effect except for those in which PAB
was coupled with an amino acid, or where the
amino group was acylated. However since
higher concentrations were necessary for com-
parable growth, it seems likely that these com-
pounds become effective only after hydrolysis.
The most active compound, -other than PAB,
was p-aminosalicylic acid, Delay in growth
seen with this substance suggests that it is
further metabolized before utilization, and in-
deed growth in the presence of p-aminosali-
cylic acid is inhibited by sulfadiazine as if
it were PAB. Para-aminosalicylic acid, how-
ever, was not eluted from the columns at the
position of any of the labeled fractions. The
results of Lampen et al.(10) with regard to
the PAB sparing action by amino acids and
purines on growth of the mutant as well as
inhibition by sulfadiazine were confirmed.
The latter substance inhibits completely at a
concentration of 1 pg/ml in the presence of
0.0005 ug/ml of PAB whereas 4 other meta-
bolic inhibitors, A-methopterin, desoxypyri-
doxine, 8-azaguanine and 6-mercaptopurine,
were without effect at 10 times this level. The
fact that A-methopterin did not inhibit growth
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TABLE III. Relative Growth Promotion by PAB Metabolites for 3 Microorganisms.

——myg/ml of medium for one-half maximal growth——

Compound or E. coli 8. lactis R. L. citrovorum
metabolite (ATCC 9723a) (ATCC 8043) (ATCC 8081)
PAB 1 * (100) * (100)
Folic acid 1000 2 *( 10)
Leucovorin *(1000) 2 1
Fraction At 3 * ( 65) * (140)

Bt *( 50) * (100) * (200)
Ct *( 50) 16 36
Dt 5 4 8

* No growth observed at highest concentration tested; concentration given in parentheses.
t Weights of PAB computed from radioactive assay and converted to equivalents of folie

acid or leucovorin.

of mutant indicated that folic derivatives
might not be closely involved in the anabolic
metabolism.

Bacterial growth studies with metabolic
fractions. Ability of each of the 4 fractions
to support growth of the mutant was then in-
vestigated. The possible similarity to folic
acid and citrovorum factor was also studied
by the ability to promote multiplication of
Streptococcus lactis and Leuconostoc citro-
vorum, using commercial Difco media(14) for
these microbiological assays. Suitable con-
trols were run with mixtures of the appro-
priate growth factors and the 4 fractions, in
order to demonstrate that none of the 4 frac-
tions contained a growth inhibitor. Table III
gives the relative concentrations of each frac-
tion for growth of these 3 organisms.

It was possible that the growth stimulation
seen in Table IIT by certain fractions might
have resulted from the presence of unlabeled
folic acid or leucovorin present as a contami-
nant. Therefore paper chromatograms of all
4 fractions were prepared under aseptic con-
ditions in 2 solvent systems and the dried
sheets were placed on agar plates seeded with
S. lactis or L. citrovorum but devoid of the
limiting growth factors. Growth of the or-
ganisms was seen only with fractions C and
D and was localized at the site of radioactiv-
ity. Contaminating folic acid or leucovorin
were apparently absent from the fractions, be-
cause no growth could be seen where these
substances would have been located on the
paper strip.

Discussion. While insufficient material has

prevented chemical identification of the me-
tabolites of PAB in this mutant of E. coi, the
evidence suggests considerable similarity ex-
ists between certain of the metabolites and the
citrovorum factor. It is of interest that
Nichol et al.(15) recently reported synthesis
from folic acid of various labile precursors and
conjugates of citrovorum factor by pigeon
liver and S. faecalis. Failure to stimulate
growth of the mutant by the fractions at con-
centrations quite comparable to those at which
PAB is active might suggest that all fractions
are derived from some highly active metabo-
lite degraded as a result of the isolation pro-
cedure or that one or more of the fractions
consists of a mixture of active and inactive
metabolites. The evidence suggests that the
substances are quite labile. It remains for
further purification and isolation of much
larger amounts to elucidate their structure and
possible function.

Summary. Radioactive p-aminobenzoic acid
has been incubated with an x-ray mutant of
Escherichia coli which requires this substance
as a growth factor. By column chromatog-
raphy 4 soluble radioactive fractions have
been isolated from the cell bodies of the or-
ganism, none of them consisting of the original
substrate. Two of the fractions possess citro-
vorum factor activity, but none of them are
identical with folic acid, citrovorum factor or
certain of its derivatives.
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Effects of Guinea Pig Serum on 6C3HED and AKRLI1 Lymphoma Cells
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(22200)

SuIrLEY L. KAUuFFMAN AND JouN G. Kipp,
Department of Pathology, New York Hospital-Cornell Medical Center.

Cells of Lymphoma 6C3HED promptly be-
gin to die when serum from normal guinea
pigs is injected into C3H mice in which they
are growing(1l); vet the lymphoma cells re-
main viable when they are held in contact
with guinea pig serum during several hours at
37°Cin vitro(1,2). The facts suggest that the
animal host somehow participates in the proc-
ess whereby these lvmphoma cells are Kkilled
in vivo, perhaps by supplying special condi-
tions essential for the process, or by furnish-
ing some substance—an isoantibody, for ex-
ample. or one or another of the components of
complement—that might work with guinea
pig serum in producing the effect(1,2). A
number of questions related to the facts just
mentioned are raised by a more recent ob-
servation—namely that cells of Lymphoma
AKRL1 continue to proliferate without re-
straint when normal guinea pig serum is given
to AKR mice carrving them(3). Do the
AKR mice fail to supply such conditions as
might be required for the effectiveness of
guinea pig serum 71 vive, or are they devoid

* These investigations were supported by grants
from Mr. John W. O’Boyle, The Committee on
Growth acting for American Cancer Society, and
the National Cancer Institute.

of some essential host factor? Is there an
intrinsic difference in cells of Lymphoma
6C3HED and those of Lymphoma AKRLI,
the former being susceptible to the effects of
guinea pig serum in vivo while the latter are
insusceptible? The findings of several ex-
periments, now to be given, bear on these
questions.

Results. The experiment of Fig. 1 shows
that the cells of Lymphoma 6C3HED were
inhibited quite conspicuously when guinea pig
serum was given intraperitoneally to AKR
mice into which 10 million lymphoma cells
had been implanted in each of 2 subcutane-
ous sites by a technic already described(1),
and the finding was confirmed in a subse-
quent experiment done in precisely the same
way. Furthermore, in the experiment of
Fig. 1 the inhibitory effect of guinea pig
serum was even more marked in the alien and
resistant AKR hosts than in the C3H hosts
of the sort in which this lymphoma had
originated (and which had been implanted
with 1 million 6C3HED lymphoma cells in
each of 2 subcutaneous situations). This re-
sult suggests that the effects of guinea pig
serum might depend upon, or be enhanced by,
some resistance manifested by the .animal



