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Plasma albumin, alpha and beta globulins 
are known to be synthesized in the liver (1) 
but the site of breakdown of these plasma pro- 
teins is not clearly established. I n  vivo ex- 
periments(2) suggest that liver is the main 
site of albumin degradation, but only limited 
breakdown of plasma albumin has been dem- 
onstrated in isolated perfused rat liver (21~4) .  
Kidney also has been implicated as a site of 
plasma protein breakdown ( 5 ) .  Roberts and 
Kelley report extensive catabolism of all 
plasma proteins by rat liver slices ( 6 ) .  Since 
this was the only available r e p r t  of such 
breakdown, we reinvestigated catabolisni of 
plasma proteins by slices of liver and other or- 
gans. 

Methods. .,lnirnaZs. Rats of Slonaker- 
Addis strain weighing about 200 g, and Cali- 
fornian rabbits were used. /f lbumin I’s”. 
Plasma albumin was iodinated by procedure 
of Staub(7).  T o  obtain a preparation of 
uniform halflife iodoalbumins were “screened” 
according to McFarlane (8) .  Homologous io- 
doalbumin was injected into rats or rablbits, 
and after 3-4 days animals were bled. Fol- 
lowing dialysis against 0.9 NdC1 solution to 
remove non protein this screened material 
was used as radioactive substrate. The iodo- 
albumin preparations are described in greater 
detail elsewhere( 9 ) .  Human iodoalbumin 
(RTSA)@ was purchased from Abbott Lab. 
Incubation. Uniform tissue slices of approxi- 
mately 0.5 mm thickness were prepared with 
McIlvain-Buddle Slicer ( 10). Duplicate sam- 
ples of rinsed and blotted slices were incu- 
bated in 20 ml heavy wall graduated glass 
tubes, that fit a homogenizer pestle. 250  mg 
of slices were incubated in 2 ml of various me- 
dia (bicarbonate buffer? phosphate buffer: and 
serum) a t  38” for 3 hours in presence of Ia- 
belled plasma protein in shaking water bath. 
The gas phase was either pure oxygen or a 
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mixture of 95% O2 + 5% CO,. At end of 
incubation period, slices were homogenized in 
the tubes, trichloracetic acid to yield final 
Concentration of 57. was added and the mix- 
ture brought to 7 ml volume. Tubes were 
centrifuged and the clear supernatant used for 
assay. P1 activity was assayed in a scintil- 
lation well counter in conjunction with a sin- 
gle channel analyser. In  our system one mi- 
crocurie of 1’ s t  assayed a t  approximately 300,- 
000 ctslmin, with background count of about 
10 cts/min. The extent of plasma protein 
breakdown was calculated from the difference 
between activity of trichloracetic acid extract 
present initially and a t  end of incubation. 
Total activity in vessel was obtained from as- 
say of iodoalbumin, and in experiments where 
iodoalbumin was preinjected (see below), by 
assaying the trichloracetic acid residue. Proper 
corrections for counting geometry were ap- 
plied as needed. Precision of evaluation o,f 
lower limit of breakdown. The lower limit of 
non protein formation that can be meas- 
ured depends on a )  initial activity of trichlor- 
acetic soluble (non protein) fraction and b )  
background count rate. Unscreened iodoal- 
bumin preparations had about 1% of activity 
soluble in trichloracetic acid, and screened 
preparations between 0.1 - 0.4%. In our con- 
ditions 10% increase over these initial blanks 
could be determined. Thus minimal break- 
down rates of the order of 0.1% of unscreened 
preparations and about 0.0276 of screened 
preparations could be estimated with an error 
of 2 50% or less. Total activity/vessel was 
usually well above 100,000 counts/minute 
with unscreened preparations. Thus minimal 
fractional breakdown rates, discussed above. 
were well above background count rate. On 
the other hand in experiments with preinjected 
albumin (see below) total activities/vessel 
ranged from sleveral hundred to several thou- 
sand counts/minute. In  these experiments 
minimal breakdown rate that can be deter- 
mined is limited by the value of background 
count rate (about 10 cts/min) and fractional 
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1)reakdown rates of less than 0.5-3c/r could not 
be evaluated reliably. 

Results. Tissue and organ slices from ra1)- 
bits and rats were incubated with their ho- 
mologous plasma proteins as well as with hu- 
man iodoalbumin. Slices were prepared from 
liver, kidney, spleen, lung. heart, small intes- 
tine, diaphragm, skeletal muscle and skin. X 
few experiments were performed with liver 
homogenates. Twenty experiments were per- 
formed employing tissues from about 80 ani- 
mals. Since all experiments were essentially 
negative, and very limited or no plasma albu- 
min breakdown was detected, only a few typi- 
cal experiments are presented. 

Exogenous screened and unscreened iodoul- 
bumin. Table I represents experiments on 
incubation of liver slices and liver homoge- 
nates with screened or unscreened homologous 
iodoalbumin. \\‘ith unscreened iodoalbumin 
there was breakdown by rat liver, but very 
little by rabbit liver preparations. On the 
other hand there was no significant breakdown 
in either case with screened iodoalbumin. The  

results were not markedly affected by corn- 
t w i t  ion of rnetliuni or by proteiri cwnc-rnt ra- 
I ion ,  which w;ts 10-20 times higher in serum 
than in buffers. 1 t is unlikely that liberation 

of unscreened iodoalbumin by rat liver, ()f  1131 

independent of albumin concentration, repre- 
sents true albumin breakdown. It appears 
then, that screened iodoalbumin is not de- 
graded in vitro by rat or rabbit liver. McFar- 
lane(8) first pointed out the distinction in 
catabolism of screened and unscreened iodo- 
albumin. This difference is due to presence in 
unscreened iodoalbumin of fractions of much 
hhorter halflife than the hulk of labeled pro- 
tein. A marked difference in catal~olism of 
the 2 types of preparations has been reported 
in perf used liver ( 3,4). 

Extravascular iodoalbumin breakdown. The 
absence of breakdown of added iodoprotein 
by tissue slices might be due to inability of 
exogenous albumin to penetrate into the slice. 
To  determine whether extravascular albumin 
is broken down in slices. animals were injected 
with iodoalbumin and after several days tis- 
sue slices prepared from organs of these ani- 
mals. Iodoalbumin content of tissue was pre- 
sumably due in part to presence of residual 
blood and in part to extravascular exchange- 
able albumin. This later fraction may be con- 
sidered as representing endogenous albumin. 

Rats were injected with human iodoalbumin 
and sacrificed 2-3 days later. Rabbits were 
injected with homologous iodoalbumin and 
used 1-2 weeks later. Results are summarized 
in Tables TI and 111. In  rats, 20-30% of ac- 
tivity in slices was in the non-protein fraction, 
but in rabbits non-protein 1131 constituted less 
than 5 %  of total activity. Frolm the specific 
activity of plasma albumin, albumin content 
of viscera was estimated to range from 1-3 
mg/g, and of muscle and skin about 0.5 mg/ 
g. Heterologous injected iodoalbumin is 
broken down as fast(2) or faster than the 
homologous compound. From Table I1 it  
appears that up to 2% of albumin present in 
viscera was broken down. This represents a 
maximal breakdown of about 0.01 t 0.01 
m g / g  in liver and 0.03 14 0.03 mg/g in lung 
in the 3 hour period. This amount of 
breakdown is of doubtful significance and i t  
is not certain whether any breakdown oc- 
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‘FA H I  ,I3 I I. Rrakdomri of Preinjected Huinan 1oilo:ilburniii by Rat Tissue Slices. 

Esp. 1 Esp. 2 Exp. 3 

bnmii i  coil- in  lion-pro- 
App”o”. :11- r % non-protein I ’ “ l - ~  -3 Avg iucreas. 

Tissoc tcnt, mg/g 1iiiti:il Final Initial Filial Initial F i n d  tein, % 

Liver .8 17 1 9  31 34 37 38 3 
Kidney 1.3 32 35 32  30 49 46 -1 
Tlung 3 .2  9 10 6 7 9 9 -1 
Rplrell 1.1 27 32 30 29 2 
Ml~scle .5 1 0  1 0  10  11 11 10 0 

Rats were iiij. with about 100 pu.c of coiiimercial Iiuniaii iotloalbuiriin ( RISA) and sacrificed 
2 to 3 days later. 350 nig slices iii 3 ml Ii~icurboirate buffer. 95% 0, - 5% CO,, 37”,  3 hr. Results 
~ 1 1 ~ ’  avg of duplicate flasks. Total activity/flask froin a b o u t  300 (muscle), t o  2000 (lung) cpm. 

curred a t  all. Similar results were obtained 
with homologous rat iodoalbumin. In  slices 
of rabbit viscera the increase in non-protein 
activity after 3 hour incubatioln ranged from 
0.5-1.57h of total activity. There was no in- 
crease in muscle (Table 11). Maximal break- 
down is of the same order as in rat. Again, 
the values are of doubtful significance, since 
such low rates of breakdown cannot be meas- 
ured reliably by our methods. 

S3” lahelcd plasma proteins. Catabolism of 
9’; biosynthetically labeled rat and rabbit 
plasma albumin and globulin by a variety of 
tissue slices was also studied. The only tissue 
that broke down S35 labeled plasma proteins 
a t  an appreciable rate was intestinal mucosa. 
This breakdown is likely to be due to presence 
of digestive enzymes in this tissue. As results 
with other organs were similar to those ob- 
tained with iodoalbumin and essentially nega- 
tive, the data are not presented here in detail. 

Also a small amolunt of SS3 amino acids liber- 
ated frolm albumin breakdown may be reuti- 
lized folr protein synthesis. Reutilization of 
liberated Il3I on the other hand, does not oc- 
cur. 

Discussion. I n  vivo experiments indicate 
that liver is a major site of plasma albumin 
breakdown ( 2 ) .  Our results, in which slices of 
small intestine were the only tissue to1 cata- 
bolize exogenous plasma protein seem to be 
inconsistent with in vivo results. Failure to 
observe significant breakdown in organ slices 
is not likely to be due to1 lack of penetration 
into the slice. When iodoalbumin was injected 
so that tissue extra-vascular albumin became 
labeled, no significant breakdown was detected 
(Tables I1 and HI). Breakdown od screened 
iodoprotein also did not occur in liver homoge- 
nates. 

Minimal value for plasma albumin turnover 
in the rat is estimated to be about 2.5 mg/’hr/ 
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100 g body weight.* Assuming that $4 of the 
breakdown occurs in ra t  liver, we obtain a 
breakdown rate of 0.4 mg/hr/g liver. I n  rab- 
bit the corresponding breakdown would be 1.0 
1i1g hr 100 g body and 0.15 mg hr g liver 
(I). Brealidown rates of this order could be 
readily detected in our experiments since the 
lower liniit of methods used wo~ild reveal 
hreakdown of a t  least 0.01 mg hr of esoge- 
nous albumin g of tissue. 

The  only detailed report of plasma protein 
brealidown in liver slices appears to be that 
by Roberts and Kelley( 6 ) .  They found that 
when plasma proteins, labeled biosynthetically 
with phenjrlalanine 3-C14, were incubated 
with liver slices. incorporation of C14 into 
('0:. glucose. and glycogen occurred. Their 
paper reireals certain inconsistencies in results. 
Kate of albumin brealxlown. as well as pro- 
duction of respiratory C 0 2  iniplied by their 
results seems unphysiologically high. Thus. 
a conservative estimate of albumin break- 
down. computed from their data. is 11 mg 
hr g liver.! Even this low estimate is of a 
different order of magnitude than that oc- 
curring iiz ziivo. The presence of a contami- 
nant of high specific activity in their plasma 
protein preparations may account for such re- 
sul ts. 

In biosynthesis of plasma proteins from S." 
and ( ' I 4  precursors. non-protein radioacti1Te 
compounds. tightly hound to protein ma!' be 
formed. Also non-protein compounds, ab- 
sorbed on protein may be labeled during io- 
dination with In  short term experiments. 
as with slices or organ perfusioiis, liberation 
of small amounts of activity may erroneousl!. 
indicate appreciable degradation rates of 
plasma proteins. Since this activity may be 
derived from bound non-protein compounds 
great caution in interpretation of such results 
is required. 

4 Taking plaama volumc as o i  I)otl!. \i.cicht, 
plasma albumin concentration ;ii i o  mc nil, total  
b c t l ~  albumin pool 2 . 5  as largr a <  plasma. pool, and 
;t turnover time of ra t  plasma albumin c;f 120 huurs 

.?Ox 4 x 2.5 
120 

(about 80 hour halflife) we get -____ = 2 ..5 

mp/hr/100 g rat. Liver is assumed to constitute 
4'17, of body weight. In  rabbit albumin content is 
about the same but turnover time is taken as 300 
hours. 

Recently abstracts reporting plasma albu- 
min breakdown by liver slices( 1 1 ) , and liver 
mitochondria have appeared( 1 2 ) .  Since the 
preliminary reports lack adequate experi- 
mental detail, these findings cannot be evalu- 
ated. Armstrong and Tarver( 13) on the other 
hand, could not detect C1402 formation from 
( ' ' I  labeled plasma albumin by rat liver slices. 

To demonstrate in vitro breakdown, special 
conditions, as yet unknown, may be required. 
Therefore no final conclusions on the role of 
tissues in plasma protein catabolism can be 
derived from negative results in tissue slice 
experiments as obtained above. 

S u ~ t n z n r y .  I1:;l labeled human albumin 
and screened and unccreened iodjnated rat and 
rabbit albumins were incubated with tissue 
.;lices, prepared from rat and rabbit liver, kid- 
ney. spleen, lung, heart, muscle, and skin. No 
breakdown was observed in rat  and rabbit 
liver homogenate. When iodoalbumins were 
preinjected into animals prior to preparation 

t .Assuming that 25% of carbon 3 of phenylalaninc 
liberated from protein is catabolised to CO,, and 
using Roberts eL a1.(6) data in Table I1 (100 mg 
slices, 10 mg of albumin, 2% hr  incubation, 5.7 ' /h  

_- - 5.7 x 10 x 100 
100 x 2 .25  x 25 x 0.10 

C'-'O,) we calculate that  - 

1 1  mg g 'hr n ~ r c  catabolised by liver slices. The as- 
\uniption ~i 25% yield of CO, from carbon 3 of 
phen!lalaninc is likely to be far too high and the 
al/)umin breakdown much higher than the minima1 
la lue ccmputcd here. We found that  when 3-C14 
phenylalanine was incubated with liver sliccs thc 
main water soluble metabolic products were unidenti- 
fied phenolic acids and appreciable amounts of ac- 
tivity were incorporated into tissue proteins. CO, 
!ield was low, less than 10% of catabolised C14. 

.g\\uming also that CO, yield from all carbons of 
protein is the same as from carbon R of phenylala- 
nine and taking albumin to consist of 5 5 %  of C 
and using Roberts data from his Table I1 we obtain 

.5.7 x 10 x 0.5.5 
~~~- -= 100 pmoles of respired 
I00 s 2 2.5 x 10 x 0.014 

' g  hr. S o  doubt however, additional CO, is 
t lcri l  e d  from endogenous substrate, and also thc 
a\erage CO, yield from protein carbon is much 
higher than that from phenylalanine. Thus this 
calculation certainly gives a minimal value and the 
true value as calculated from Roberts C1400, yields 
should be much higher. Rcberts himself deter- 
mined directly respiratory CO, production by his 
liver slices, and the maximal value observed by him 
was 69 pmoles of CO,/g/hr. 



of sliccs, to introduce iocloal1)uiiiin into the 
extra vasrular cschangea1)l t. pool of various or- 
gans, signifi cit n t I )rcakrl o w  n did not 0cc11 r. 
Breakdown of exogenous S:i*7 biosynthelically 
labeled homologous albumin and globulin oc- 
curred only in slices of small intestine. 
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Incorporation of PH2 into the 0-Phosphodiester of L-Serine and 
Ethanolainine in the Turtle.* (25679) 

PADMASINI AY ENGAR AND EUGENE ROBERTS 
I l p p t .  of HiochPmistry, Mrdicnl Research Inct ., Ci ty  of H o p  MPdical Center, h a r t e ,  Calif.  

Roberts and Lowe( 1) repoirted presence of 
0-phosphodiester of L-serine and etl-ianola- 
mine ( [ 2-aminoethyl] - I L-2-amino-2-carboxy- 
ethyl I -phosphoric acid) in turtle tissue. This 
compound (SEP) also has been found in tis- 
sues of snake and alligator. SEP and the DL- 
serine phosphodiester have been synthesized 
( 2 ) .  A similar compound and a phosphagen 
thereof have been found in the earthworm in 
which the 2-aminoethyl group is replaced by 
2-guanidoethyl or phosphoguanidoethyl group 
(3) .  The purpose of our study was to obtain 
information on biosynthesis of SEP in turtle 
tissue. A preliminary report of this work has 
been made (4 ) .  

Resu l t s .  Cowparison of isolated and syn- 
thet ic  SEP. Rlobilities of isolated SEP( 1 )  
and the synthetic compound( 2 )  t were com- 
pared in 4 solvent systems by descending chro- 
matography: ( a )  phenol saturatedl with 
water ; (b )  methyl Cellosolve-water (9  : 1 ) ; 
(c) acetone-acetic acid-water (4 : 2 : 2 ) ; and 
(d)  n-butanol-acetic acid-water (8 : 20: 20). 
The compounds were visualized by spraying 
with ninhydrin. The results are shown in 
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Fig. 1. In  each solvent the compound on the 
left was the isolated material, that on the right 
the synthetic material, and in the middle a 
mixture of the two. Approximately 200 -1 of 
each were used. Tn each case the natural and 
synthetic materials showed identical mobili- 
ties. 

Incoirporation of P6 orthophosphate in to  
SEP. After drilling holies through plastron 
above the heart with a trephine, approxi- 
mately 1 mc of orthophosphate in isotonic 
saline was injected into the ventricle of each 
of 5 unanesthetized turtles (Pseudenzys ele- 
guns) ,  which were sacrificed a t  9, 26, 48, 76 
and 99 hours, respectively, after injections. 
The holes were covered with adhesive tape 
after injection to prevent contamination and 
leakage of body fluids. The various organs 
were removed and homogenized in 10 vollumes 
of 80% ethyl alcohol. After centrifugation 
the clear supernatant fluids were evaporated 
to dryness under stream of nitrogen. Resi- 
dues were taken up in 50% alcohol so that 
0.1 ml of the mixture was equivalent to 100 
mg of original fresh weight of tissue, and 0.1 
ml aliquolts were spotted on paper for chro- 
matography. Two-dimensional chroinato- 
grams were run routinely in phenol-water and 


