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were made at 7 to 9-day intervals, and fluid
on the infected cultures was frequently
changed once or twice in the interim. On the
14th day of the 6th passage the original in-
oculum had been diluted 10-'! by the trans-
fers and fluid changes. Fluid harvested at
that time was infective for 13-day embry-
onated eggs as demonstrated by fluorescent
antibody staining of lung sections, indicating
that the agent had replicated in the entoder-
mal cell cultures. The agent was still present
in fluids removed from cultures at 16-18 days
of incubation. Specific antigen, however, was
not visualized when infected coverslip prepa-
rations were tested by the fluorescent anti-
body technic and no cytopathic effects were
observed.

Comments. Chick embryo lungs infected
with the FH strain may contain 10° or 10°
embryo infective doses per 0.2 ml(3). Al-
though the original inoculum in these series
was not titrated, the finding of the infective
agent after 10 and 6 passages, in the 2 series,
at estimated dilutions of the original inocu-
lum of 10" or greater, leaves no doubt that
the agent increased in the chick entodermal
cell cultures. No titrations of the culture
harvests were made and there is no evidence
that any degree of adaptation to these cells
occurred. The identity of the agent cultured
was established by characteristic appearance
after fluorescent staining of subcultures in
embryo lung with known antisera (convales-
cent), and the more extensive serologic exam-
ination applied to later cell cultures infected
by passage from entodermal cells, as de-
scribed in the accompanying paper(8). Un-
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fortunately, this method of cultivation in en-
todermal cells does not provide any improve-
ment in current technics. However, this first
step in propagation of the Eaton agent in cul-
tured cells suggests that better iz vitro meth-
ods can be found.

Summary. The Eaton agent of primary
atypical pneumonia was carried through 2
series of 10 and 6 passages respectively, in
chick entodermal cell cultures, indicating
growth of the agent in this cell system. Cy-
topathic effects were not seen and fluorescent
antibody staining of the infected cells by the
indirect method was negative. The agent was
demonstrated in fluids from the infected cul-
tures by subinoculation to chick embryos and
fluorescent antibody staining of lung sections.

The authors gratefully acknowledge the technical
assistance of George W. Gary, Jr., and Luther B.
Townley.
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It has been shown that incorporation rate
of labeled amino acids into protein(1-4) and
oxygen consumption(5,6) is higher in the
regenerating than in the normal rat liver.

Since in this - condition, incorporation of
amino acids into protein ‘depends upon aero-
bically formed high energy phosphate(7), it
is possible that the increased oxidative proc-
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TABLE 1. Oxygen Consumption, P/O Ratio and Tucorporation of C'*-Labeled Amino Acids into

Protein of Normal and Regenerating Rat Liver,

No. of experiments in parentheses. Mean val-

ues + S.E.

Incorporation into protein (slices)

Hr after P/O (homogenate) (umoles/g protein/hr)
hepatec- Qo, a-Keto- L-phenyl-
tomy (slices) Succinate glutarate Glyeine-1-C* Tieleuceine-C*  alanine-C*
0r 506+ 22 18T £.05 356 +.02 319+ .26 263 +.05 130 .11
124 (6) (19) (8) (8) (8)
84 582 4 28 1.28 & .06 239 = 111 5.56 + 40t 434 + 211 3.38 + .31t
(24) (5 (37 (8) (8) (8)
168 6.20 4 241 157 = 1% 321 + .12% 5.84 + 461 3.36 =151 2.39 + .21t
(24) (6) ( (8) (8) (8)
240 545 + .24 1.91 = .04 3.71 09 4.28 - .22t 3.23 == .15t 1.54 + .07
(24) (7) ( (8) (8) ®
*p <05, compared to normal liver. t p <.01, compared to normal liver, 1 Control.

esses may result in a proportional increase in
~ P which, in turn. could support a faster
rate of protein svnthesis by the multiplying
hepatocytes. To investigate this possibility.
oxygen consumption, oxidative phosphoryla-
tion and incorporation of some amino acids
into protein of regenerating rat liver were
measured.

Methods. Wistar rats of either sex, weigh-
ing about 250 g were partially hepatectomized
according to the technic of Higgins and An-
derson(8). After a 12-hour fast. normal
and hepatectomized rats were decapitated 84,
168 and 240 hours after operation and their
livers were removed. Oxidative phosphoryla-
tion, amino acid incorporation into protein
and oxygen consumption were measured on
separate fractions of liver as follows: 1. Oui-
dative phosphorvlation. The phosphoryla-
tion quotient (I>'O ratio). with succinate and
a-ketoglutarate as substrates, was determined
according to the procedure described by
Krebs et al.(9), based on simultaneous meas-
urement of incorporation rate of labeled in-
organic phosphate intc ATP and of oxygen
consumption by tissue homogenates. TPhos-
phate fractions were separated by paper chro-
matography (10) and ATP turnover rate was
calculated with the formula proposed by
Krebs et al.(11). Radioactivity was meas-
ured with a liquid type Geiger-Miiller
counter. 2. Incorporation of amino acids
into protein and oxygen consumption. About
50 mg of liver slices were incubated in War-
burg flasks for one hour at 38°C in air and
in a medium containing NaCl, 1.28 x 10! M;:

KC1, 1.35 x 102 M; CaCls, 1.94 x 10 M;
MgSO,. 6.8 x 10* M; Na phosphate buffer,
1 x10* M (pH 7.2); and either glycine-1-
(", L-leucine-U-C'* or L-phenylalanine-U-
C™ 1 x 10% M (the amino acid was added
after 10 minutes of equilibration). After in-
cubation the flasks were quickly chilled in an
ice bath, the slices were removed and the pro-
teins were purified as described previously
(4). Samples were plated and counted using
a mica window Geiger-Miiller counter. Oxy-
gen consumption of liver slices was measured
in an identical system, except without added
amino acids, using the standard Warburg
technic(12).

Results and discussion. Results are shown
in Table I. A moderate and statistically sig-
nificant increase in oxygen consumption by
regenerating liver slices occurs 84, 168 hours
after partial hepatectomy and can still be
seen 240 hours thereafter, although at this
time it is no longer significant. This increase
is of the same order of magnitude of that pre-
viously reported(5,6). A statistically sig-
nificant lowering of the P/O ratio occurs 84
hours after partial hepatectomy, using either
succinate or a-ketoglutarate as a substrate.
When a-ketoglutarate is used, the ratio is
still below normal 168 hours after operation,
although, at this time, using succinate, the de-
crease is no longer significant. Two hundred
and forty hours after operation, P/O ratio
returns to normal with either substrate. In
partial agreement with our results, Palladina
and Gudina(13) reported a P/O ratio
slightly lower than normal, using succinate,
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guanine and xanthine as substrates, 7 days
after hepatectomy. The coupling between
oxidation and phosphorylation is a labile
mechanism strictly dependent upon the in-
tegrity of the mitochondria(14). Since the
regenerating hepatocytes easily undergo fatty
infiltration and cell vacuolation, it is possible
that these regressive processes may bring
about sufficient mitochondrial damage to
cause the observed decrease in P/O ratio.
This hypothesis is consistent with the obser-
vation that during liver regeneration, the ac-
tivity of certain mitochondrial enzymes such
as glutamic dehydrogenase(15), succinic de-
hydrogenase and cytochrome oxidase(5) de-
creases more markedly than would be ex-
pected from the decrease in mitochondrial
population(16). The rates of glycine-1-C',
L-leucine-C'* and L-phenylalanine-C' incor-
poration into proteins are markedly enhanced
in the regenerating liver in comparison to the
controls. The difference is statistically sig-
nificant 84, 168 and 240 hours after partial
hepatectomy. except for the increased incor-
poration of phenylalanine which lasts only
168 hours. This marked increase in protein
synthesis occurs simultaneously with a mod-
erate increase in oxygen consumption and a
decrease of P/O ratio, a situation in which
the formation of high energy phosphates not
only does not increase, but may actually de-
crease. These results suggest that, in the
normal liver, the availability of ~ P greatly
exceeds that needed for protein synthesis, as
shown also by the calculations of Quastel and
Bickis(7). In the normal liver, the excess of
available energy could be utilized for other
hepatic functions, whereas, in the regenerat-
ing liver, a greater part of energy would be
used to support the increase in protein syn-
thesis and other endergonic processes such
as deoxyribonucleic, ribonucleic acid(17) and
phospholipid(18,19) synthesis.

It should be noted that cellular multiplica-
tion is not the only condition in which an in-
creased amount of energy is channeled toward
synthetic processes, since an increased incor-
poration of amino acid into protein accom-
panied by normal oxygen consumption and
moderate uncoupling of oxidative phosphory-
lation, has been described also in a regressive
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process, such as cloudy swelling(14,20). In
additicn, if we assume that the relative
amounts of labeled glycine, leucine and phe-
nylalanine incorporated into liver proteins
correspond to the proportions of the 3 amino
acids in these proteins, our results suggest
that no striking changes in liver protein com-
position take place during the process of par-
enchymal regeneration, at least as far as
these 3 amino acids are concerned. This is
in agreement with previous results demon-
strating the similarity between the electro-
phoretic pattern of soluble proteins(21,22)
and the immunologic specificity of mitochon-
drial and microsomal proteins(23) obtained
from regenerating and normal rat liver.

Summary. In slices from regenerating rat
liver 84 and 168 hours after hepatectomy,
oxygen consumption is moderately increased
and glycine-1-C'*, L-leucine-C* and L-phe-
nylalanine-C'* incorporation into protein is
markedly increased as compared with normal
liver slices. On the other hand, in liver ho-
mogenates, incubated with succinate or «-
ketoglutarate as substrates, oxidative phos-
phorylation is decreased in the early stages
(84 hours) of regeneration. The results sug-
gest the following conclusions: 1) in regener-
ating liver tissue, amino acid incorporation
into protein can increase even without a
parallel increase in the aerobic formation of
high energy phosphates; 2} in both normal
and regenerating rat liver, the availability of
~ P greatly exceeds that needed for protein
synthesis.
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The deleterious effects of ascorbic acid de-
ficiency and protein depletion on collagen
synthesis in healing wounds have been well
established.  Analysis of tissue from the
wounds of scorbutic animals reveals abnor-
mally high levels of the amino acid-proline
and abnormally low levels of hydroxyproline
(2). The reversal of the normal hydroxypro-
line-proline ratio in scurvy and the finding of
low hydroxyproline levels in protein depletion
states have suggested that an inability to hy-
droxylate proline may be an important factor
in the retarded synthesis of collagen in both
conditions(11). Abnormalities in the ground
substance, such as a reduction in the acid
mucopolysaccharides, may also be responsible
for the failure to develop normal tensile
strength which requires, in addition to colla-
gen synthesis, that newly created tropocol-
lagen particles be organized into purposeful
patterns. However, if there were not serious
fundamental defects in the intracellular syn-
thesis of the collagen molecule, one would
expect to find normal proline-hydroxyproline

* Supported by grant from Nat. Inst. of Arthri-
tis and Metab. Dis., U.S.P.H.S., Bethesda, Md.

ratios in the wound tissues because the amino
acid composition of tropocollagen is essen-
tially the same as that of polymerized or ma-
ture collagen(6).

We have postulated that, if there is a de-
fect in synthesis of collagen by fibroblasts in
scorbutic or protein depleted animals (pre-
sumably at the hydroxylation of proline
stage), tensile strength of their wounds might
be favorably influenced by supplementing
their diets with pure synthetic hydroxypro-
line. Previous investigations of the metabol-
ism of hydroxyproline by Stetten(3), Green
and Lowther(9), and Wolf and Berger(10)
strongly suggest that free hydroxyproline
probably would not be utilized in production
of collagen during healing. In normal ani-
mals there is very little incorporation of
dietary hydroxyproline in the general protein
pool; nearly all of N'® labeled hydroxyproline
can be recovered in the urine and stools (Stet-
ten(9)). However, there is an extremely
low turnover of the amino acids in a normal
animal’s collagen (Neuberger and Slack(8)),
therefore Stetten’s experiments do not neces-
sarily mean that an animal which was ac-



