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as opposed to the works cited( 1-3). the ma- 
terial employed for pretreatment was from ii 

pooled source and not from the skin donors. 
The low nucleic acid content of our nia- 

terial limits coordination of our findings with 
the hypothesis presented by Billingham ct al. 
(4). Experiments are underway to evaluate 
the role of a polysaccharide material isolated 
from rat glomerular basement membrane by 
a method reported elsewhere( 8)  in enhancing 
takes of skin grafts. 

SunzmarJi. Tntraperitoneal injections of 
pooled rat glonierular basement membrane 
preparations into rats subsequently homo- 
grafted with a primary orthotopic skin graft 
facilitated a secondary rejection phenomenon 
on the part of such treated animals. The low 

nucleic acid content of the preparations lim- 
ited correlation with the hypothesis of nucleo- 
])roteins as the transplantation antigens. 

1 . Simonscn. M.,  . 4 i i n .  A'. Y .  Acad. Sci., 195.5, 

-7. Ikmpstcr, W. J., Brit. J .  Plastic Szirg., 1953, 

.{. Hillingham, R.  E., Brent, I.., Medawar, P. R. ,  

4. ~ , Satrir?, 1956, v178, 514. 
5 .  Krakower, C. A,, Greenspon, S. A., A.M.A.  

6. Ccriott, G., J .  B i d .  ChPm., 1935, v214, .59. 
7 .  \Vcbb, J., Levy, H. B.,  ihid., 195.;, v214, 107. 
8. Markowitz. A. S., Henderson, J.  W., Nature, 

Y .< 0.  448. 

y.i. 228. 

Tsatzsplaiit. Btrll., 1936, v3, 84. 

.1rch. Path., 19.51, v j l ,  629. 

1958, ~ 1 S 1 ,  771.  

I<ccci\-cd Octolm 7, 1958. P.S.E.R.M., 1958, v99. 

Occurrence and Enzymatic Degradation of Phosphoethanolaniine." (24491) 

The biological occurrence of phospho- 
ethanolamine was first observed in bovine tu- 
mor tissue by Outhouse( 1 ) .  who failed to find 
it present in normal tissues. Colowick and 
Cori(2) demonstrated the ester to be present 
in rabbit and pig intestine. Lately it has been 
shown to occur in a variety of normal tissues 
and often in quite large amounts( 3.43!6). 
Thus far, the major biocheniical interest of 
the compound lies in its possible role as an in- 
termediary in the metabolism of phospho- 
lipids. Little is known of other possible func- 
tions, or of the enzymology of phosphoet hano- 
lamine metabolism. Roche and Bouchillous 
( 7 )  have shown that dog liver. human pros- 
tate, and beef kidney split phosphoethanola- 
mine at  pH 5.6, although at  a lower rate than 
glycerophosphate. Strickland et al .  (8) re- 
ported that alkaline phosphatase of various 
tissues readily split phosphoethanolamine. but 
that there was a relative inactivity toward 
this phosphate ester by acid phosphatase of 

* This investigation was supported by research 
grants, Nat. Cancer Inst., P.H.S.; Am. Cancer SOC., 
S. Dakota Division; and Corn. on Research, Council 
on Pharmacy and Chemistry, Am. Med. Assn. 

these same tissues. This paper reports infor- 
mation about distribution of the compound in 
various tissues, and its enzymatic degradation 
by tissue homogenates under different condi- 
tions, i.e., pH, buffer, metal ions, etc. 

illcthods. Phosphoethanolamine was syn- 
thesized by the method of Outhouse(9) and 
phosphate determinations were made by the 
method of Gomori( 10). As soon as animals 
were sacrificed, samples of tissue were immedi- 
ately homogenized with Teflon pestle in dis- 
tilled water. Aliquots of the homogenate 
were treated with 10% trichloroacetic acid to 
remove proteins, and after removal of the acid 
with ether the resulting solution was concen- 
trated iu ' ~ U C U O .  Quantitative determination 
of phosphoethanolamine was then made by 
Ilowex-SO chromatography as previously de- 
scribed( 5). The incubation system contained 
in final volume of 11 ml, 9 ml of buffer (ver- 
onal-acetate, pH 4.5, or veronal, pH 9.0), 1 
ml of substrate (15 x lo-.' moles of either 
phosphoethanolamine or beta-glycerophos- 
phate, and 5 x moles of MgClZ), and 1 
ml homogenate. Incubations were carried out 
in small Erlenmeyer flasks with shaking in 



PHOSPHOETHANOLAMINE OCCURRENCE , ENZYMATIC DEGRADATION 755 

TAAI<I,E 1. I>istribution of Phosp~ioethaiiolaniiiie 
i i i  Rat. aiid Rabbit Tissues. Values expressed as 
niM/100 g (Iry tissue ;111d probable error of thc 

111 ('a 11. 

effect. 
On 

A t  pH 4.5, neither ion had any effect 
tissues; Of the ester by these 

however Mg++ increased hydrolysis of glycero- 
Tissuc Rat" Rabbitt phosphate by 50%. Under optimal conditions 

described, the reaction velocity using spleen 
and kidney homogenates a t  pH 9.0 remained Liver .18 & .01 2.72 2 .06 

Kidncy .48 2 .07 2.34 2 .19 
Heart .47 2 .17 .36 .OO essentially constant throughout a 120 minute 

Rraiii .50 2 .02 .90 2 .OO 
AfllSC'I CJ .22 2 .05 .I0 2 .oo Table I illustrates concentration of Dhos- 

- 

Splcc11 2.24 k 2.57 & .30 period. 

phoethanolamine in 6 rat and rabbit tissues 
as well as 2 transdantable rat tumors. It can 

Ret. cell sarcoiiia 1.08 k .OB 
Walker Ca. .88 .04 

Avg Of ailinlals* be seen there isA a species difference, rabbit :+ Arg o f  3 ;iiiim:ils. 

constant temperature bath at 37°C. After 
one hour, the reaction was terminated ,by ad- 
dition of 5 ml of 20% trichloroacetic acid. In- 
organic phosphorous was determined similarly 
except that the substrate was omitted. A 1 
ml aliquot of each homogenate was removed 
and kept a t  100°C for 24 hrs for determina- 
tion of dry weight. Values are expressed as 
~ 1 %  of P released/g dry tissue/hr. 

Results. Determinations made of phospha- 
tase activity a t  intervals of 0.5 pH units from 

liver and kidney having considerably more of 
the ester than the corresponding tissues of the 
rat. The value for spleen in both species was 
large and similar results have been reported 
for lymphoid tissue by other authors ( 5 , l l )  . 

Table I1 shows that for each tissue, glycero- 
phosphate is hydrolysed by alkaline phospha- 
tase a t  2-6 times the rate for phosphoethanola- 
mine. Only muscle of both species showed a 
lower ratio of approximately 1.  The results 
of Table I1 also show that the ester of ethano- 

4 through 10 showed the velocity of hydroly- lamine is hydrolysed at  a considerably slower 
sis of phosphoethanolamine by various tissue rate by acid phosphatase (pH 4.5) than gly- 
homogenates to have 2 maxima a t  pH 4.5 and cerophosphate. It is obvious, however, that 
9.0. Rates of hydrolysis by various tissue ho- the ratio of hydrolysis of the 2 esters a t  the 
mogenates were compared in borate, veronal, acid pH is not constant from one enzyme 
tris, citrate, and acetate buffers. Although source to another, viz., rat kidney, reticulum 
differences were slight, veronal a t  pH 9.0 and cell sarcoma, and Walker 256 carcinoma 
veronal-acetate a t  pH 4.5 gave maximum hy- showed little activity toward the ester of 
drolysis of the ester. The effect on hydrolysis ethanolamine; however the acid phosphatase 
rate of the ester a t  pH 9.0 by Mg++ was de- of these 3 same tissues was quite active 
termined on muscle, brain, and heart homo- toward glycerophosphate. It is obvious from 
genates. The rate increased 100, 0, and 20% Table I1 that human prostate split glycero- 
respectively, whereas Ca++ at  this pH had no phosphate a t  3 times the rate of phospho- 

TAR LE IT. f lydrolysis of P1-1ospl1oetliaitol;11niiic by Various Tissue Homogenates. Values ex- 
pressed as pM/g  dry tissue/hr. 

r Rat I r-Rabbit-, 
pH4.5 pH 9.0 pH 4.5 pH 9.0 

RGP BGP 
Tissue PEt PEt PEt PEt PEt PEt PEt PEt 

--- BOP 
- -. BGP -- 

TiVCr 
Ri diie y 
Heart 
Spleen 
Brain 
Muscle 
Reticulum sarc,. 
Walker 256 Ca. 
'Ruman prostate 

9 69 
1 1246 
6 24 

17 56 
12 14 
12 15 

3 75 
1 364 

9760 3 

17 7.4 9 16 52 5.8 
1.800 3.3 41 6 480 4.5 

160 3.5 1 78 19 2.0 
40 3.3 8 69 300 2.7 
73 3.2 9 14 24 4.9 
18 1.3 23 7 23 1.0 
57 4.3 
32 4.6 
38 4.0 
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ethanolamine nevertheless this tissue con- 
tained the most active phosphatase for split- 
ting of phosphoethanolamine of any tissues 
examined, irrespective of pH. 

Rat liver homogenate gave rather low Q 
values with phosphoethanolamine : however 
these were approximatelv 7-fold when beta- 
glycerophosphate was the substrate. Further 
investigation showed that dialysis of liver ho- 
m oge na t e increased h y d r ol y si s of phospho- 
ethanolamine and glycerophosphate 100 and 
jOS$ respectivel~.. Furthermore. dilution of 
liver honmqenate of 1 : l O  increased the Q 
value 4-fold : whereas similar dilution of kid- 
ney homogenate caused no change in the hJ.- 
drolysis rate. Finally. it was found that 
boiled. undialysed liver extract inhibited hy- 
drolvsis of phosphoethanolamine by rat kid- 
ney homogenate at  pH 9.0. Ilialysis of liver 
extract removed this inhibition, but concen- 
tration of the dialysate followed by addition 
to kidney homogenate restored the inhibition. 

Comparison of Tables T and 
I T  indicites there is little correlation between 
amounts of free phosphoethanolamine in a 
eiven tissue as compared to amounts of en- 
zyme which ivould split the compound. i . ( , . ,  
rat kidney and brain had appro~imately the 
same amounts of free ester. vk., (.48 os. 30)  : 
however kidnev was about 25 times as active 
as brain at  pH 9.0 in hydrolysing phosphate 
from the compound. 

Our findings shown in Table TI are in a. mree- 
ment with those of Roche and Bouchillous 
( 7 )  who had shown that phoqphoethanola- 
mine is split at  an acid pH althouzh at  a 
lower rate than glycerophosphate. Our re- 
sults are at  variance with Strickland rt nl . (8)  
in that we found rat and rahbit brain homo- 
genate to be fully as active under acid condi- 
tions toward phosphoethanolamine as most 
other tissues of these species. We also differ 
in that we found human prostate to contain 
the most active phosphatase of any tissue es- 
amined : whereas Strickland cf (12. (8) reported 
almost complete inactivity of this tissue 
toward phosphoethanolamine under acid con- 
di t i ons . 

The increased Q value obtained with dilu- 
tion and dialysis of liver homogenate suggests 
that the activity of this tissue phosphatase 

Dirrzrssion. 

toward phosphoethanolamine might be ob- 
scured by a transphosphorylation reaction. 
Suitable aliquots of the remaining hydroly- 
sate were chromatogramed on paper and 
showed equal quantities of ethanolamine and 
inorganic phosphate released with correspond- 
ing disappearance of a similar amount of phos- 
phoethanolamine. Schmidt et al. ( 1 2 )  have 
shown that intestinal phosphatase is inhib- 
ited by phosphate ion. However, addition of 
.0075 m l l  phosphate, an amount equivalent 
to that found in 1 ml of liver homogenate, had 
no effect on activity of liver phosphatase on 
1) hosp hoe t hanol amine. These results indicate 
that rather than a transphosphorylation, or 
inhibition by phosphate ion, there is perhaps 
a competition for the phosphatase between 
phosphoethanolamine and other phosphate 
esters present in liver. 

1. Optimum conditions for hy- 
drolysis of phosphoethanolamine by tissue 
homogenates have been determined to be: 
veronal-acetate, pH 4.5, and veronal, p H  9.0, 
l I g e A ,  5 x 10 :{ 31. 2 .  Concentration of phos- 
phoethanolamine was determined in 6 rat and 
rabbit tissues as well as 2 transplantable tu- 
rnors. 3 .  ,4lkaline phosphatase of the various 
estracts readily hydrolysed the ester and a t  
qreater rates than acid phosphatase. 4. Phos- 
1, hoe t hanolamine was more readily hydrolysed 
by acid phosphatase of human prostate than 
of any other tissue examined. 5. Dilution 
and dialysis experiments with liver indicate 
there is a competition for phosphatase between 
phosphoethanolamine and other phosphate es- 
ters present in liver. 

Summary. 

The authors are indebted to Mr. Said Nehorayan 
and  Miss l'erna Lee Nitteberg for technical assis- 
tance. 
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Effect of Properdin on Whole Body Irradiated Mice and Rats." (24492) 

FRED MIYA, STANLEY MARCUS AND BERT D. THORPE 
Dept .  of Bacteriology, College of Medicine, University of Utah, Salt Lake City  

The parenteral administration of properdin 
of heterologous origin into rats and mice has 
been reported to protect significantly against 
LDlO0/3O day and LD,,,/6 day doses of 
whole body x-irradiation ( 1,2 ) . Degree of 
protection was reported to be dependent on 
dose, route, and time of administration of 
properdin. Ross( 2) observed that mice ex- 
posed to 600 r and treated with 50 units of 
partially purified bovine properdin adminis- 
tered intravenously showed a 4-fold greater 
30 day survival rate than the untreated con- 
trols. However, mice treated with properdin 
on the second, third, fourth, seventh, or tenth 
postirradiation days showed similar or accel- 
erated death rates as compared to the controls. 
In order to further assess the role of properdin 
in protection of animals against the effects of 
whole (body x-irradiation, experiments were 
conducted to determine the value of proper- 
din as a therapeutic agent. 

Materials and methods. Adult albino mice 
and adult albino rats (Sprague-Dawley) were 
randomly arranged into groups of varying 
numbers according to the design of each ex- 
periment. Dosage of x-rays administered for 
each experiment is given in the section on re- 
sults. The x-irradiation was administered 
from above the animals by means of a West- 
inghouse Quadrocondex x-ray machine. The 
technical factors were: 250  KVP; 15 ma, 1 
mm aluminum and 0.5 mm copper filters in 
addition to inherent filtration of 2.5 mrn alu- 
minimum and 0.25 mm copper; size of field, 

* This study was supported by funds provided 
under contract with School of Aviation Medicine, 
U.S.A.F., Randolph Air Force Base, Texas. 

whole-body ; target distance, 16 inches. The 
mice were irradiated in groups of 10 in a 
cylindrical container having a diameter of 
18.5 cm and a height of 3 cm. The rats were 
irradiated in groups of 4 in a cylindrical con- 
tainer having a diameter of 23 cm and a height 
of 5.5 cm. Average dose rate as measured 
with a Victoreen r meter was approximately 
9Or per minute when recorded in the center of 
a lifelike wax phantom. Variation in radia- 
tion dose did not exceed 2r per minute when 
measured in any position in the container. 
Properdin solutions were prepared from fresh 
bovine serum according to the zymosan ad- 
sorption technic of Pillemer et aL(3) and also 
by a modified Cohn ethanol fractionation pro- 
cedure. In addition, purified human proper- 
din was used in the experiments.+ The titers 
of the partially purified properdin (PPP) so- 
lutions and the human properdin (HP) were 
determined by the zymosan assay technic de- 
scribed by Pillemer et aZ.(3).$ Route and 
time of administration of the properdin solu- 
tions is given in each experimental design. 

In the first experiment, 5 ran- 
domly selected groups of mice were exposed to 
a single 550 r total body dose of x-irradiation. 
Animals of the first group of 11 mice were in- 

ResuZts. 

t We are indebted to Dr. B. E. Sanders of Merck 
Inst. cf Therapeutic Research for purified human 
properdin. 

$ Original RY and R3 assay reagents were kindly 
supplied by the late Dr. Louis Pillemer and Mr. 
Earl W. Todd of the Inst. of Pathology, Western 
Reserve Univ., Cleveland, 0. Portions of reagents 
were used to standardize subsequent assay reagents 
prepared in this laboratory. 


