actual difference between the rates of
hydrolysis of glucose-6-phosphate in the
diabetic and normal liver decreases
progressively as the substrate concentra-
tion diminishes. For example, from the
average K, and V, values given in Fig.
1, it can be calculated that at a glucose-
6-phosphate concentration of 10 mM the
rate of hydrolysis per milligram of tissue
is about 75 percent more rapid in the
diabetic liver than in the normal liver,
whereas, at a substrate concentration of
1 mM the difference is about 25 percent.
It is obvious that any extension of dif-
ferences in glucose-6-phosphatase activi-
ties observed in vitro to an explanation
of the altered carbohydrate metabolism
of the diabetic liver must be based upon
an actual difference in the rate of hy-
drolysis of glucose-6-phosphate in vivo
rather than upon a difference in poten-
tial capacity.

It will be of interest to discover
whether the increased K values observed
with the enzyme from diabetic animals
represents an intrinsic difference in prop-
erty which is retained in the purified
enzyme or is a result of an altered milieu
in the diabetic liver.

Note added in proof. In recent ex-
periments it has been found that the high
K values of the enzyme from diabetic
animals was restored to the normal level
after 48 hours of insulin treatment, and
the V7, values were also markedly de-
creased (I1).

Harorp L. SecaL
Mary E. WasakoO
Crunc WHA Lee
Biochemistry Department, School of
Medicine, University of Pittsburgh,
Pittsburgh, Pennsylvania
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Method for Adapting the
Virus of Rinderpest to Rabbits

The difficulty of adapting the virus of
rinderpest to rabbits by serial passage is
well known. Baker (7) succeeded in
adapting the rinderpest virus to rabbits
by alternating the inoculations between
calves and rabbits. The calf served to
maintain sufficient virus in the inocula
to overcome the threshold of infection
in the rabbits. After a number of alter-
nations sufficient adapted virus was pro-
duced to assure the maintenance of serial
passage infections.

Shope ¢t al. (2) have shown that the
minimal infective dose of rinderpest
virus for the chorioallantoic membrane
is roughly in agreement with the subcu-
taneous minimal infective dose of virus
for the calf. Tt was, therefore, thought
that the chorioallantoic membrane might
be substituted for the calf in the alter-
nate passing referred to above. With this
in mind an experiment was conducted
in which a virulent strain of rinderpest
virus was successfully adapted to the
rabbit. Although this method has no par-
ticular advantage other than economic
over that evolved by Baker, it is possible
that it might be of value in the study of
other viruses.

The Kabete strain of rinderpest virus
was propagated on the chorioallantoic
membrane through 45 serial transfers
after the manner described by Shope
et al. Calf inoculations of earlier passage
membranes usually resulted in death on
the 8th, 9th, or 10th day. Chorioallan-
toic membranes from the 42nd passage
eggs were inoculated into a calf, and
there was no evidence of attenuation of
the virus.

Rabbits of various breeds were em-
ployed. Only healthy, mature subjects
whose normal temperature fell in the
range of 102 to 103.5°F were selected
for the experiment. The fertile eggs em-
ployed were from a healthy flock of
mixed breeds.

The inoculum of chorioallantoic mem-
branes for each rabbit consisted of 2.0
ml of a suspension of three chorioallan-
toic membranes comminuted in 3.0 ml
of allantoic fluid. The rabbit spleen sus-
pensions were prepared by grinding each
rabbit spleen in 9.0 ml of normal saline.
The amount of this suspension deposited
on each chorioallantoic membrane was
0.3 ml. None of the tissue suspensions
were centrifuged, and the rabbit inocu-
lations (all intravenous) were made
slowly in order to avert shock. The 10-
day embryonated eggs were incubated
for 4 days, and all rabbits whose spleens
were employed for inocula were electro-
cuted on the fourth day after injection.

1) The series of inoculations was be-
gun by inoculating 43rd passage chorio-

allantoic membranes into rabbit No, 1.
The highest temperature recorded was
104.8°F. The spleen from rabbit No. 1
was inoculated on to the first group of
chorioallantoic membranes.

2) The first group of membranes was
inoculated into rabbits No. 2 and 3. The
peak temperature of the former was
103.9°, and that of the latter 104.1°.
The spleen from rabbit No. 3 was in-
oculated on to the second group of
chorioallantoic membranes.

3) The second group of membranes
was inoculated into rabbits No. 4 and 5.
Rabbit No. 4 died as a result of shock.
Rabbit No. 5 had a peak temperature
of 104.6°. The spleen was inoculated on
to the third group of chorioallantoic
membranes.

4) The third group of membranes
was inoculated into rabbit No. 6. The
highest temperature was 104.0°. The
spleen was inoculated on to the fourth
group of chorioallantoic membranes.

5) The fourth group of membranes
was inoculated into rabbit No. 7.

The inoculations were then continued
serially in rabbits. The spleen from rab-
bit No. 7 was inoculated into rabbits
No. 8 and 9. The highest temperatures
were 103.4° and 104.1° respectively.

The spleen from rabbit No. 9 was in-
oculated into rabbit No. 10. The highest
temperature recorded was 106.2°. The
spleen from this rabbit was inoculated
into rabbits No. 11 and 12. The post-
injection temperatures are listed in
Table 1.

The spleen of rabbit No. 12 was re-
moved and each of two calves was given
1.0 ml of a 1:10 dilution in saline.

Calf No. I, which had been previously
immunized against rinderpest, showed
no evidence of the disease.

Calf No. 2, which had not been im-
munized, succumbed to characteristic
rinderpest in 12 days. The first high
temperature was recorded on the third
day following injection, indicating that
there was considerable amount of virus
present in the spleen of rabbit No. 12.

The temperature curves of rabbits 10,
11, and 12 for the 96-hour postinjection
period conformed in general with a typi-
cal curve drawn by Baker. These rabbits
also exhibited substantially the same
signs of illness and gross pathology as
Baker observed in his rabbits of com-
parable passages, except that rabbits 11
and 12, but not rabbit 10, displayed a
considerable number of small white foci
in the swollen Peyer’s patches, sacculus
rotundus, tonsilla cecalis major, and ap-
pendix. The number of white foci was
not as great in either rabbit as is usually
observed in rabbits injected with the
Nakamura lapinized strain.

Although 43rd-passage membrane vi-
rus was employed to initiate the alter-
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Table 1. Temperatures recorded in -rab-
bits inoculated with rinderpest virus.

Time Temperature (°F)
after
injection Rabbit Rabbit

(hr) 11 12
24 102.5 102.8
32 103.3 104.5
48 105.6 106.5
56 106.0 107.0
72 102.8 103.9
80 103.0 103.2
96 102.4 103.1

nate transfers, it seems likely that earlier
passage membranes could be used with
equal success. Titrations of fourth- and
ninth-passage membranes have shown
the virus to be present in considerable
amounts (2). No doubt, if a sufficient
number of serial passages were carried
out in the rabbit, the virus would eventu-
ally become attenuated for the calf (3).
G. R. CArRTER*
C. A. MrrcHELL
Grosse Ile Experimental Station,
Quebec, Canada
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Enzymatic Synthesis of
Adenyl-oxyluciferin

In the activation of amino acids,
acetic acid, and firefly luciferin by
adenosine triphosphate (ATP), pyro-
phosphate and the corresponding acyl-
adenylates are presumably formed (I).
The synthetic adenylates in all three
cases are biologically active. Unfortu-
nately, the enzymatic synthesis of these
acyl-adenylates has not been demon-
strated. Presumably this is due to the
tight binding of the adenylates to the en-
zyme. Recently we have been able to
measure the equilibrium constant for
the association of adenyl-oxyluciferin
(L-AMP) and firefly luciferase. As ex-
pected, it was found that the equilib-
rium constant of the reaction

L-AMP + E 2 E-L-AMP

was approximately 2 x 10%. Apparently
a similar tight binding with enzyme ex-
ists with regard to the amino acid and
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acetic acid adenylates. If this is true, it
is not surprising that it has been difficult
to demonstrate the enzymatic formation
of the adenylates of these compounds.
However, the intense fluorescence of oxy-
luciferin makes it possible to measure the
disappearance of quantities which are
less than the amount of enzyme added.
Because of this sensitivity of the fluores-
cence technique, we have been able to
measure the enzymatic formation of
L-AMP in the following reaction:

ATP+L+E 2 E-L-AMP + POP (1)

The measurement of L-AMP synthe-
sis depends on the following differences
in properties between chemically synthe-
sized L-AMP and oxyluciferin: (i)
L-AMP has a fluorescence intensity
which is only 2 percent of the intensity
of oxyluciferin. (ii) At a pH of 3 oxy-
luciferin is extractable into ethyl acetate,
whereas L-AMP is not. The solubility of
the oxyluciferin in ethyl acetate depends
upon the dissociation of the carboxyl
group. (ili) When paper chromatogra-
phy and the solvent system described in
Table 1 are used, L-AMP has an R;
of 0.55, while oxyluciferin has an R; of
0.40.

The results of an experiment in which
oxyluciferin, luciferase, MgSO, and ATP
were incubated at pH 7.1 are shown in
Table 1. The reaction was initiated with
ATP. Following the addition of ATP
there was an immediate decrease in
fluorescence corresponding to the disap-
pearance of oxyluciferin approximately
equal to the amount of luciferase pres-
ent. When the reaction mixture was
acidified and extracted with ethyl ace-
tate, the excess oxyluciferin was removed
from the reaction mixture. The nonex-
tractable, weakly fluorescent material in
the aqueous phase had an R; of 0.55
which is identical to that of synthetic
adenyloxyluciferin. Alkaline hydrolysis
gives an increase in the fluorescent in-
tensity and a product with an R of 0.4.
This, and other evidence which has been
recently published, indicates clearly that
the material in the aqueous phase is
adenyl-oxyluciferin (2).

By fluorescence measurements, it has
been possible to determine equilibrium
concentration of oxyluciferin from which
the equilibrium constant for reaction 1
can be calculated. It should be noted
that in this reaction the enzyme must
be considered in the equilibrium deter-
mination. Measurements made on the
forward and reverse reactions both give
a value of K approximately equal to
2.0x 10%. By using this constant, along
with the dissociation constant for lucifer-
ase-L-AMP complex, the free energy of
hydrolysis of L-AMP can be calculated.
If it is assumed that the free energy of
hydrolysis of the second phosphate bond

Table 1. Results. The reaction mixture
contained the following: oxyluciferin, 3.2
mumole; MgSOs 10 pmole; luciferase,
2.0 mumole; ATP, 4 umole; brought to
final volume of 2.0 ml with 0.1M tris-
maleate buffer, pH 7.1.

R . Fluores-
caction cence® Ry
mixture : .
intensity
- ATP 80 0.40
Complete 30 0.55¢

* Arbitrary units; excitation, 360 mp; emission,
my.

T After ethyl acetate extraction; paper Whatman

No. 3-MM; solvent, 30:70 (by volume) mixture

of 1M ammonium acetate and 95 percent ethanol,

pH 7.5.

in ATP is the same as for the termi-
nal phosphate bond (3), the free energy
of hydrolysis is obtained by adding the
following reactions:

AF°7(kcal)
ATP+L +E = E-L-AMP + POP - 7.2

E-L-AMP — E + L-AMP +12.6
net ATP + L — L-AMP + POP T 54

POP + AMP — ATP + H,0 + 77
net L + AMP — L-AMP + H,0 +13.1

These calculations were made on the as-
sumption that Mg++ has no appreciable
effect on the equilibrium of the activa-
tion reaction. This point is now being in-
vestigated. It is not surprising that the
free energy of hydrolysis of L-AMP is
considerably higher than that of ATP,
since coenzyme A reacts readily with
L-AMP to produce AMP and oxyluci-
feryl-coenzyme A.

The biological significance of the tight
binding of acyl adenylates to the enzyme
is not clear. However, it should ke
pointed out that the present evidence in-
dicates that such tight binding restricts
the reactivity of the adenylates. For ex-
ample, L-AMP is capable of reacting
with SH compounds such as coenzyme
A and cysteine to form the corresponding
oxyluciferin derivatives and adenylic
acid. However, cysteine is capable of
reacting only nonenzymatically with
L-AMP, whereas coenzyme A can react
with L-AMP only when it is bound to
luciferase (4).

Note added in proof: M. Karasek
et al. have recently demonstrated the

enzymatic synthesis of tryptophan-
AMP (5).
W. C. RuobEes
W. D. McELroy

Department of Biology and
McCollum-Pratt Institute, Johns
Hopkins University, Baltimore,
Maryland
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