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It was first shown by Bacon et al.(1) that
purine requiring mutants of Salmonella ty-
phosa are less virulent for mice than their pro-
totrophic parents when injected intraperi-
toneally. The mutants which they employed
were obtained by the technic of Lederberg and
Zinder(2) and Davis(3). Using similar pro-
cedures, Garber et al.(4) reported that a simi-
lar situation existed in strains of Klebsiella
pneumoniae. Subsequently Formal et al.(5)
found that a naturally occurring mouse-aviru-
lent typhoid mutant which on one occasion
had been isolated from the Panama carrier
also required purines for growth. The fact
that purines are either absent or present in
limiting concentration in peritoneal cavity of
the mouse offers a logical explanation for the
relative avirulence of purine requiring strains
when administered intraperitoneally to mice.
For some time it has been known that labora-
tory strains of Vibrio comma differ in their ca-
pacity to infect mice fatally (6). Our purpose
was to determine whether this difference might
be attributed, at least in part, to the fact that
an avirulent culture has a purine requirement
for growth while a more virulent strain does
not. 1In addition, we considered it pertinent
to compare ability of strains to infect mice fa-
tally following challenge by intraperitoneal
route and guinea pigs after oral administra-
tion.

Materials and methods. Two strains of V.
comma, obtained from the type culture collec-
tion of Walter Reed Army Inst. of Research,
were employed in our work; both were Inaba
types. Strain 20-A-67 requires only glucose
and inorganic salts for growth while strain
20-A-47 requires purines in addition to this
minimal medium. A mutant of strain 20-A-
47 which proved purine independent, was ob-
tained by plating 10° cells of this strain on
minimal medium and selecting a colony which
grew out. This purine-independent variant
has been designated 20-A-47 PI. Virulence
tests in mice were performed by injecting 0.5

ml amounts of known numbers of organisms
suspended in 5% hog gastric mucin into the
peritoneal cavity of Bagg strain mice weigh-
ing 12 to 16 g. Equal numbers of males and
females were used to test each dilution. When
the effect of purines in virulence tests was
examined, 10 mg xanthine and 3 mg adenine
contained in 0.5 ml saline was injected intra-
peritoneally immediately after the challenge
suspension. Animals not receiving purines
received an equal volume of saline. Hartley
strain guinea pigs were rendered susceptible
to a fatal enteric infection following oral chal-
lenge by depriving animals of food for 4 days
and feeding 125 mg calcium carbonate prior
to and injecting 1 ml tincture of opium intra-
peritoneally following orally administered
challenge(7,8). Mucinase tests were carried
out using a procedure previously described
9).

Results. Results of virulence tests employ-
ing intraperitoneal challenges in mice are
summarized in Table I. The LD;, of strain
20-A-47 which requires purines for growth is
approximately 700 x 10° cells; when purines
are inoculated into the peritoneal cavity at the
same time as the challenge suspension, the
LDs is reduced to 4.1 x 10°. The purine-in-
dependent mutant of strain 20-A-47 has an
LD;, of 2.5 x 10° and as can be seen, the si-
multaneous inoculation of purines does not
significantly increase its ability to cause a fa-
tal infection. The LDj, of strain 20-A-67,
which does not require purines to multiply, is
10x10% cells. The difference in the LDy, of
strain 20-A-67 and the purine-independent
mutant of strain 20-A-47 may be due in part
to experimental error and perhaps to the fact
that the wild-type culture of 20-A-67 em-
ployed, might have contained a fair propor-
tion of cells requiring purines or similar sub-
stances for growth, thus decreasing the over-
all mouse virulence of the strain. On the
other hand, the purine-independent mutant of
strain 20-A-47 had been isolated from a mini-
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TABLE T,

VIRULENCE oF Vibrio comma

Eftect of Inoculation of Purine and Reversion to Purine Independence on Mouse Virulence

of Vibrio comma Strain 20-A-47.

Requires No. of organisms inj.* —

Challenge purines 5 X 105 5% 107 5% 108 5 X 105 5 X 10* 5 X 10° LD, S.E.
20-A-47 Yes 33/40  18/40 1/40 (/40 0/40 700 X 105 270 X 10°
20-A-47 + " 37/40 36,/40 22 /40 8/40 41 7 1.5 7

purinest
20-A-47 PL No 32/40 26/40 23,/40 11/40 4/40 25 7 9 7
20-A-47PI + 7 3040 33740 a0/40 0 20/40 6740 1 47

purinet
20-A-67 (purine 30/40 27 /40 20,40 9/40 5/40 10 ” 45 X 10*

independent)

* Organisms suspended in 50 hog gastrie muein.

t 10 mg xanthine and 3 mg adenine administered intraper, at time of challenge.

mal glucose plate and its population was per-
haps more homogenous. We have had occa-
sion over a period of a year to perform experi-
ments similar to those summarized here and
have noted that the actual LD, values could
vary considerably—perhaps as much as a
thousand fold—but the values relative to each
other were always approximately the same.

Table II gives a summary of results of ex-
periments comparing ability of these strains
to infect Hartley strain guinea pigs by the
oral route. A single dose level of approxi-
mately 3x107 cells was employed, since it
was known from experience that a dose of
this magnitude would fatally infect a large
percentage of the animals when strain 20-A-67
is used as a challenge. The purine-dependent,
mouse-avirulent 20-A-47 strain caused a
33.9% mortality while the purine-indepen-
dent, mouse-virulent 20-A-47 PI strain pro-
duced a 30% mortality. On the other hand,
68.6% of the animals challenged with the
wild-type purine-independent mouse-virulent
strain 20-A-67 succumbed.

We have not been able to detect any other
significant biological differences among strains
20-A-67, 20-A-47, and the purine-independent

mutant of strain 20-A-47. They are similat
antigenically and all have the capacity to pro-
duce mucinase in brain-heart infusion broth
shake cultures; whether they have the ability
to produce the enzyme in vivo is not known.
When tested for their ability to produce mu-
cinolytic enzymes in nutrient broth shake cul-
ture, however, mucinase was only detectable
in the 20-A-67 supernatant. While this ob-
servation may be significant, additional work
is necessary to establish its importance.

Discussion. The data presented demon-
strate that the nutritional requirements of a
culture of Vibrio comma may influence its
ability to cause a fatal infection in mice fol-
lowing intraperitoneal inoculation. Thus, in
this respect the requirement for purines by
cholera strains affects their virulence for mice
just as it influences the mouse virulence of
strains of Salmonella typhosa and Kliebsiella
prneumoniae.

The results also indicate that the capacity
of cholera cultures to infect mice fatally by
the intraperitoneal route and guinea pigs by
the oral route need not necessarily go hand
in hand. Tt is likely that the organism must
possess attributes additional to those needed

TABLE II. Deaths in Starved Hartley Strain Guinea Pigs Following Oral Administration of a
Purine-Requiring Strain of 'ibrio comma and a Purine-Tndependent Mutant Derived from It.*

Deathst 95% confidence interval,
Requires Virulent —_— Yo Ye
Strain purines for micet Total mortality Upper Lower
20-A-47 Yes No 21/62 33.9 22.1 45.7
” PT No Yes 18,/60 30 18.4 41.0
20-A-67 v " 35/51 68.6 55.9 81.4

* Data pooled from 5 exp. t See Table

1.

1 Animals starved 4 days and given cal-

eium earbonate per os betore and opium intraper. following oral ehallenge with approximately

3 X 107 eells.
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to infect mice in order to bring about a fatal
infection in guinea pigs. Assuming—and we
agree that it is a large assumption——that the
pathogenesis of the infection as it occurs in
guinea pigs more closely resembles the human
than does the mouse infection, it would neces-
sarily follow that the mouse test cannot meas-
ure all of those factors which may be of po-
tential importance in establishing the disease
in humans. If these factors happen to be an-
tigens, their presence or absence might not
be detected or evaluated in a mouse protec-
tion test. Yet it is this type of test which is
now generally used to measure the potency of
cholera vaccines. Thus, in this regard, the
implications of the present work are ohvious.

Summary. Mouse virulence of a purine-
requiring strain of Vibrio comma is signifi-
cantly increased if purines are injected at the
same time as the challenge suspension. A
purine-independent mutant isolated from this
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strain was significantly more virulent for mice
than the parent culture. A concomitant in-
crease in ability to fatally infect guinea pigs
by the oral route was not noted in the mutant
strain.
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In recent studies thrombokinase was pre-
pared from bovine plasma(l) and purified
further by continuous electrophoresis which
separated most of the contaminating throm-
bin. TAMe esterase appeared in 2 peaks,
corresponding respectively to thrombin and
thrombokinase peaks(2). Material from the
thrombokinase peak has now bheen subijected
to repeated electrophoretic fractionations; and
there has continued to be a close correspon-
dence between esterase and kinase activities.

Methods and materials. Continuous paper
electrophoresis was performed in a refriger-
ated Spinco Model CP cell. Buffer: veronal,
pH 8.6; ionic strength 0.02. Current, 50 ma.
Protein was estimated by the method of Low-

* This investigation supported by Rescarch Grant
from Nat. Heart Inst., P.H.S.

ry et al.(3), with crystallized bovine albumin
as standard; and values are subject to limi-
tations noted by them. Thrombokinase was
assayed by its capacity to activate prothrom-
bin in presence of cephalin, calcium and bo-
vine barium carbonate serum(1l). Activity
was expressed in terms of a working standard
which has been stored at —23°C and used at
intervals for 6 years. A value of 10 indicated
that the fraction showed 10 times as much ac-
tivity /ml as did the standard kinase solution.
Esterase activity on tosylarginine methyl ester
(TAMe) was determined by the method of
Sherry and Troll(4). Thrombin was esti-
mated as described(1), with a dry sample of
NIH thrombin as the ultimate standard. Be-
ginning with thrombokinase obtained in a
yield of 1.2 mg/liter of plasma, a series of



