Kinetics of Formation of Cx-Reactive Protein.
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Tillett(1,2) first described the existence of
a protein in sera of patients suffering from
pneumonia and other infectious diseases
which was not found in normal human sera.
This protein could be precipitated from serum
by addition of the C-polysaccharide of the
pneumococcus. It was therefore termed (-
reactive protein” (CRP) and its properties
have been studied by several investigators(3,
4,5,6).

A similar and analogous protein has been
demonstrated in acute phase rabbit serum(7).
and this substance has been called “Cx-reac-
tive protein” since it reacts with the Cx-poly-
saccharide of the pneumococcus. A close bio-
logical similarity exists between human C-
reactive protein and rabbit Cx-reactive pro-
tein(8), but ¢he source, function and mode
of formation of these proteins is still obscure.
Since the presence of CxRP appears to be
part of a general non-specific response to in-
fection and other stimuli, it was thought that
it would be of value to study the kinetics of
formation of this protein by observing the
incorporation of C*! labelled amino acids into
CxRP and serum albumin.

Experimental. While CxRP can be as-
sayed by addition of Cx-polysaccharide in the
presence of 0.001 M Calcium ion, or by addi-
tion of sheep anti-rabbit CxRP serum, deter-
mination of specific radioactivity depends on
accurate knowledge of the exact amount of
CxRP being counted. Cx-polysaccharide
lends itself to a quantitative determination of
CxRP and has been used in this study.

Serum from rabbits fed on commercial diet
was tested for the presence of CxRP by using
an absorbed sheep anti-rabbit CxRP serum.
Rabbits shown to be free of CxRP were di-
vided into 2 groups. One group of 3 rabbits
(#203, 204, 305) was prelabelled with gly-
cine-1-C™ given intravenously 14-16 hours
prior to challenge with an intramuscular in-
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jection of typhoid-paratyphoid vaccine (Led-
erle). A second group of 5 rabbits (#2035,
206, 207, 210, 302) was given typhoid vaccine
intramuscularly 14-16 hours prior to receiv-
ing glycine-1-C' intravenously. This latter
group is accordingly termed ‘“postlabelled”.
In all rabbits, the dose of typhoid vaccine was
1.0 ml injected in 3 separate sites. Adminis-
tration of typhoid vaccine serves to induce
the formation of CxRP. CxRP was detec-
table in the serum of these rabbits 5-7 hours
after induction on qualitative assay using an-
tiserum.

Blood samples were drawn from the mar-
ginal ear vein for the initial samples of serum
and by cardiac puncture for later samples.
The blood was permitted to clot for one hour,
centrifuged and the sera frozen. Sera drawn
within 3 hours after giving isotope were dia-
lyzed overnight against physiological saline
to remove free amino acid. Cx-polysacchar-
ide used in these experiments was kindly sup-
plied by Schieffelin and Co. CxRP was pre-
cipitated by the serial addition of Cx-poly-
saccharide to the serum until the supernate
failed to react with an absorbed sheep anti-
rabbit serum, indicating that all CxRP had
been removed. The precipitate was collected,
washed 3 times with 0.02 M CaCl2, then
dialyzed versus 0.05 M sodium citrate and
then against 0.05 M CaCl2 in the cold. The
precipitate was then dialyzed against distilled
water and trichloroacetic acid (TCA) was
added to a final concentration of 10%. The
mixture was heated to 80°C for 5 minutes,
then refrigerated for 2 hours. The precipitate
was plated on tared Millipore filter discs,
washed twice with distilled water, dried at
70°C for one hour, weighed and counted in a
Geiger-Muller tube.

In general, samples were counted for a time
sufficient to accumulate 1280 counts; accord-
ingly the error in counting ranged from
-2.8% to 4-2.8% (the error in counting is
equal to the square root of number of counts).
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The weight of the protein on the plate was
calculated by difference (error was less than
-+ 0.01 mg) and specific activities (counts/
min/mg protein) were corrected by self-ab-
sorption coefficients.

Only sera which had been treated with Cx-
polysaccharide and shown not to react against
sheep anti-rabbit CxRP serum were used for
the assay of serum proteins. Te 0.2 ml of
serum was added 0.2 ml of saturated ammo-
nium sulphate solution at room temperature;
the mixture was allowed to stand one hour at
room temperature and was then centrifuged
and the “globulin” precipitate removed. To
0.1 ml of the supernate was added 0.1 ml of
saturated ammonium sulphate solution. This
was allowed to stand for one hour at room
temperature. The precipitate (albumin)
from this fraction was collected, washed twice
with 809% ammonium sulphate, dialyzed
against distilled water and TCA was added to
a final concentration of 10%. The TCA mix-
tures were then treated as above. All precipi-
tates were plated on tared Millipore filter
discs, washed twice with distilled water, dried
at 70°C and counted in a G-M tube.

Results. Rabbits whose body proteins had
been prelabelled by an injection of glycine-1-
C'* given 14-16 hours prior to induction of
CxRP formation with typhoid vaccine yielded
a CxRP which had a specific activity higher
than that of serum albumin early in the re-
sponse (Fig. 1). CxRP and serum albumin
then declined at similar rates.

A careful study of rate of incorporation of
glycine into CxRP and serum albumin was
carried out at close intervals after giving the
isotope intravenously to 2 rabbits (#207,
210) which had received typhoid vaccine 14
hours before and were actively producing
CxRP. 1In each rabbit, labelled glycine ap-
peared in the CxRP considerably later than
in the albumin (Fig. 2). Specific activity of
the CxRP of rabbit #210 then rose steeply to
a maximum and declined at a rate comparable
to that of the prelabelled rabbit (Fig. 3).
Rabbit #206 exhibited comparable curves ex-
cept that the early intervals after administra-
tion of isotope were not studied (Fig. 4).
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Discussion. If CxRP were formed solely
by de novo synthesis, then CxRP formed by
the prelabelled animal should have relatively
little radioactivity, while CxRP formed by
the postlabelled rabbit should have a specific
activity higher than that of serum albumin.
Since in this study, CxRP formed by the pre-
labelled animal has a specific activity higher
than that of serum albumin initially, some
CxRP must have been present in body tissues,
in some form, before induction. The dimin-
ishing specific activity seen later is consistent
with dilution by newly synthesized, and there-
fore nonradioactive, CxRP.

The possibility (in the prelabelled experi-
ments) that CxRP derives its activity from
glycine released from breakdown of serum
proteins seems remote in view of the known
half-life of rabbit serum proteins which is
considerably greater than the intervals con-
sidered here. As to free serum glycine being
the source, one does not expect high levels of
labelled amino acids in the serum or extra-
cellular fluid 12 hours after injection. Fur-
thermore, as shown in Fig. 3, an animal al-
ready making CxRP is given glycine-1-C* by
vein and incorporates considerably more la-
belled amino acid into the CxRP fraction
than into the glycine. In this situation, albu-
min does not appear to be a precursor for
CxRP. Of note are the similarities of these
curves, after 8 hours, to the curves depicted
in Fig. 1. At this point, these are nearly com-
parable experimental situations. The differ-
ence in initial labelling of CxRP and albumin
in Fig. 1 is made more evident by considering
the molar composition of glycine in each of
these fractions. CxRP contains 0.17 micro-
mole of glycine per milligram of protein,t
whereas albumin contains 0.33 millimole of
glycine per milligram of protein(10). This
would tend to augment the difference in la-
belling noted between these 2 substances.

Green and Anker(9) have demonstrated
that glycine is incorporated into serum pro-
teins only after a definite lag phase has

t This determination was kindly performed by Dr.
H. Rosen, Walter Reed Army Inst. of Research.
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FIG. 1. Specific activity of CxRP formed by prelabelled rabbits. Rabbit #305 (top eurves)
received 150 ye of glycine-1-C* and rabbit #204 (bottom curves) received 187 e of glyeine-1-
C" intrav. at zero time. Data show levels of radioactivity of CxRP and of serum albumin, and
are consistent with the hypothesis that some CxRP must have been formed before rabbits re-
ceived typhoid vaccine. Diminishing specific activity seen later is consistent with dilution by
newly synthesized, and therefore, non-radioactive, CxRP.

FIG. 2. Rabbit #207 received 140 yc of glyeine-1-C* and rabbit #210 received 67 uc of
glyeine-1-C¥ 14 hr after receiving typhoid vaecine intramuse. Incorporation of glycine-1-C*
into CxRP and albumin was studied at close intervals following administration of isotope. In
both rabbits, glyeine-1-C** appeared in CxRP considerably later than in albumin.

FIG. 3. Specific activity of CxRF formed by postlabelled rabbit. Further data obtained
from rabbit #210 (see Fig. 2). The geuneral similarity between specific activities of serum al-
bumin and CxRP are consistent with appreciable de novo synthesis of CxRP. Its specific activ-
ity rose initially, as newly synthesized labelled protein was added to animal’s total cireulating
CxRP. After first few hours, further synthesis of unlabelled CxRP resulted in a reduction in
specific activity, while after the tenth hour botl albumin and CxRP declined in specific activity
at about the same rate. Another rabbit (#205) not shown here, gave similar results.

FIG. 4. Rabbit #206 received 67 ue of glycine-1-C* intrav. 16 hr after receiving typhoid
vaceine intramuse. Same model as that in Fig. 2 and 3 except that early intervals after inj. of
isotope were not studied. The pronounced lag in appearance of radioactivity in CxRP of this
animal is consistent with the idea that labelled amino acid must have been incorporated into a
tissue precursor, from which circulating CxRP was derived much later.

elapsed. Studies of the comparative lengths
of the lag phase seen during incorporation of
glycine-1-C'# into CxRP and serum albumin,
in the acute phase rabbit have demonstrated
that CxRP has a longer lag period than does
serum albumin (#207, 210). The results of

these experiments are consistent with the idea
that CxRP is not formed on challenge of the
rabbit, but rather exists in some form in tis-
sue prior to breakdown of a precursor mole-
cule to give circulating CxRP. The existence
of a tissue precursor for a plasma protein is,
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of course, not unique. It seems incorrect, in
the light of this study, to consider CxRP to
be made only when an animal is “sick”.

In the postlabelled rabbit (#210), the gen-
eral similarity between the specific activities
of serum albumin and CxRP are consistent
with some de novo synthesis of CxRP. The
specific activity of the CxRP rose initially as
newly synthesized labelled protein was added
to the animal’s total circulating CxRP. After
the first few hours, further synthesis of un-
labelled CxRP resulted in a reduction in spe-
cific activity, while after the tenth hour both
the albumin and CxRP declined in specific
activity at about the same rate.

Summary. Studies on the kinetics of for-
mation of CxRP in rabbits have been carried
out. By measuring relative specific activities
of CxRP and serum albumin in rabbits given
glycine-1-C'* and induced with typhoid vac-
cine to form CxRP, evidence has been ob-
tained to suggest that CxRP is being manu-
factured constantly and appears in the serum
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on challenge.
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It has been shown(1) that hog adrenal ho-
mogenates produce corticoids in the presence
of reduced triphosphopyridine nucleotide
(TPNH) and oxygen. During steroidogene-
sis, the level of endogenous free cholesterol
declined by an amount comparable to the
amount of steroid produced. Adrenal free
cholesterol fell to about 50% of the original
level during a 2-hour incubation period. How-
ever, addition of exogenous free cholesterol to
the homogenates initially or after 2 hours,
failed to increase steroid production. The
level of cholesterol esters in the homogenates
remained constant throughout the incubation
period. These findings are in agreement with

*This work was supported in part by USPHS
grant.

those of Péron and Koritz(2), who, using rat
adrenal homogenates, suggested that the fail-
ure of exogenous free cholesterol to increase
corticoid output could be explained by en-
zyme saturation by endogenous cholesterol or
by an inability of exogenous cholesterol to
enter the biosynthetic pathway for corticoid
synthesis. Later Péron(3), concluded that
mixing of endogenous and exogenous free
cholesterol did take place in rat adrenal ho-
mogenates. Addition of 117 pg of cholesterol-
4-C* to an incubation mixture containing
about 35 mg of rat adrenal tissue with a
TPNH generating system gave 1.88% of the
total Cliradioactivity in eluates of steroid
zones after chromatography.

The present work was undertaken to study
further the interconversions of free and esteri-





