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Probable Absence of Citrulline from Proteins. (17452) 

W. J. WINGO AND 0. L. DAVIS (,Introduced ,by H. N. Marvin) 
From the Biochemistry Department, Anderson Hospitd for Cancer Reseavch, Houston, Texas. 

Several early investigators noted that car- 
bon dlioxilde is one (of the prolducts of the acid 
hydrolysis of proteins. Durn1 found that a6 
much as 0.81% of casein! could ble accounted 
for as carbon) dioxide afiter 30 honrs of acid 
hydrolysis. It bas been generally supposed 
that this carbon dioxide is h u e d  as a ureide 
in the protein molecule and the lexaclt type of 
bin'ding is uncertain. Fearoa's2 diacetyl 
mondoxime !test for ureide compounds is posi- 
tive for many proteiins. W a h 3  reported the 
isolation of c i t r u h e  frolm 'tryptic dligests of 
casein, but this work has never been repeated. 
Since certain! types of 'bacteria can convert 
arginine to ci'trulline, ilt is possible that Wada's 
Gitrulline may have been formed by bacterial 
action during the enzymatic hyd'dysis. 

This investigation was undertakenl in olrder 
to obtain additionla1 evidence as to the nature 
of the ureide groupings in proteins. 

The prolteins wed 
in this study were alll prepared in the labora- 
tory. 'Casein was preplared according it0 the 
method of Van Slyke and Baker: the crystal- 
line globulins of watermelon seed and purnp- 
kin seed 'by the! method oIf V i ~ k e r y , ~  arachin 
by the method of Johns and Jones,6 amandin 
by the method of Oshme,7 and myosin by 
the method 04 Dainty, Kleinmller, et aL8 

The 2 crystalline globulins were recrystal- 
Pized' ,twice afkr  [the initial isolationl, and the 

Methods and results. 
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arachin and amandin were twice dissolved and 
precipitated by dialysis after the initial isola- 
tion. The casein and myosins were used as 
originally isolated. 

After preparation )the proteins were air 
dried until completely equilibrated with re- 
gard to moisture contmt. They were anldyzed 
for moisture arnld ash, and for nitrogen' by the 
Kj&k&l metbad using mercury as the cata- 
lyst. Th'e results of rthe5e analyses are given 
in Table I. 

These prolteins gave moderate to marked 
positive ,tests for ureide p u p s  when t&ed 

of Archi~bald's~ citrulline 
determination. After they had been hydro- 
lyzed flor 16 hoars or longer wiith 6N hydro- 
chloric acid, noale of them gave positive teslts. 
It was though~t that this might bte due to de- 
sltruction of any cistrullline 'contained in the 
proteins durirug the hydrolysis, so the de- 
struction' of citrulline allone under the con- 
ditions employed 'for hydrolysis of the proteins 
was studied. One ml samples oif solutions of 
citrulline (about 1 mg/ml) i'n 6N hydrochloric 
zcid were sealed1 in small glass bolmb tu'bes 
and1 heated in the oven at  110°C. At intervals 
samples were removed and coded, and their 
citrulline content was dletermined by Archi- 
bald's method. Under these conditions citrul- 
line ds surprisingly resistant to acid1 hydmly- 
sis; it is dqestroyed by a first order reaction 
whose half-life is approximately 26 to 28 
hours, as is seen in Fig. 1. This is not con- 
clusive evildence for the absence of citrulline 
from proteins since iit is well known that cys- 
tine and thrmnine are much moue easily de- 
stroyed when in peptide colmbinbtion than 
when free. Other experiments in which paper 
chromatography was employed ; t ~  idknitify the 
products of hydrolysis 04 citrulline showed 
that under these maditiolm ori thine was the 
only product formed in deteotxble amounts. 

Since Wada's isolation of citrulline was 
9 Archibald, R. M., J. Biol. Chern., 1944, 156, 

121. 
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TABLE I. 
Analysis of Protein Samples. 

N, yo M and 
Protein Xoisture, 5 4  Ash, 70 N, % A free 

Casein 
Myosin 
Arachin 
Amandin 
Pumpkin seed globulin 
Watermelon seed globulin 

10.36 0.37 13.78 15.44 
10.04 1.03 15.03 16.90 

9.44 2.86 16.01 18.26 
9.38 0.43 17.45 19.35 

10.23 0.15 16.47 18.38 
9.31 0.06 16.77 18.50 

done from a tryptic digest of casein it was die- 
cided to determine the amounts of citrulline 
present in enzymatic hydrolysates of the 6 
proteins. Seven 1 g samples of each of the 
proteins were weighed out into 125 ml Erlen- 
mleyer flasks. About 1 g of precipitated calci- 
um carbonate was added to each flask, to- 
gether with 50 ml of water. The samples were 
allowed to stand for 24 hours in the refrigera- 
tor in order for the protein to become thor- 
oughly wetted. Ten mg of Difco, 1/110 tryp- 
sin were then added to each flask and to 
each of 7 enzyme blanks conltaining calcium 
carbonlate and water. -4 known amount of 
citrullinre was adjded to 3 of the samples of 
each protein and to 3 enzyme blanks; about 
1 ml of xyllene was ad‘ded to each flask and 
all samples were incubated a t  37°C. At inter- 
vals samples wer.e withdrawn from one en- 
zyme blank and from one sample (containing 
no added citrulline) of each protein and ti- 
trated by Xorthrup’slO formol titration, modi- 
2.098 

Destruction of Citrull ine 
at //OoC by 6N HCL 

T I M E  in H O U R S  
FIG. 1. 

fied in ithat the end points werle d)etermined 
with the aid of a Beckman pH meter. When 
the amino nitrogen contents had become con- 
stant in the pil’ot flasks an add’itional 10 mg 
of trypsin and 1 ml of an active Waldschmidt- 
Lleitzll preparation of erepsin were added to 
each flask. Digestion and determination1 of 
the aminlo nitrogen in the pilolt flask was cm- 
tinued; and when the amino nitrogen hied be- 
come again constant an additiolnal ml of erep- 
sin was added ‘to leach flask. After one week’s 
adiditionla1 digestion the samples were removed 
froim ithe dncubahor, filtered into1 100 mil d u -  
metric flasks, and made up to volume with 
tbe washings. Al,iquots of these digests were 
taken fo’r determimatiion oif total amino nitro- 
gen coatenit and of total ureidfe amtent. The 
rlesults are shorn in Table 11. In each case 
a correction has. been made folr boith m i n o  
nitrogen and citrulline conltenlt by sulbtrxlting 
the value found in the appropriate blalnk from 
that found in the protein’ digest. In  no case 
was more [than 0.09% of thle protein accolunted 
for as “citrulline” by ithe colorimetric determi- 
nation; however, in all runs in1 which citrul- 
line was added to the digests the recoveries 
in ltlerms olf color intermidies. were extraordin- 
arily high, i.e., >the olbserved colorimetric val- 
ues corresponded to from 300 to 5 0 0 %  of the 
amounts adhded. It was thought that a pep- 
tide with enhanced chromogenicity might have 
been formed during hydrolysis, but similarly 
high L‘recioveriesl” were obtained when the 
citrulline was added to the digestis immediately 
lbeforle determination and’ even whlen the di- 
gests hud been heated for half a n  hour on a. 
boiling water bath to inactivate any residual 
enzyme. 

10 Northrup, J. H., J .  Qm. Phylsiol., 1925-26, 9, 11 Waldsehmidt-Leitz, E., and Schaeffner, A., 
767. 2. physiol. C h m . ,  1926, 151, 31. 
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Since these extraordinarily high “recover- 
ies” were nlot obtained in the enzyme blank, 
substanlces other than the proteins or their 
d6gestion pmducts are eliminlatedl as a cause 
for the high “recovery.” h i n o  acids cannoit 
cause [this effect slime an acid hydpolysate oif 
casein added to citrulline and put through the 
colorimetric determination of citrulline did 
not giive high results. Similar ‘but less mark- 
edly high “rlecoveries” were otbtained when 
comimercial peptfo8nes were adlded to citrulline 
solutions, so. that it would appear thsa’t the 
presence o f  partial digestion products of the 
proteins in a ciltrulline sodutifon markedly en- 
hanices the chmmogenicity of the ciltrulline 
in (the diiacetyl monoxime reaction. 

Discussion. Although the resuits obtained 
iin this study are aat absohtely conicluslive in 
dlemoastrating ithat citrullinle is not present in1 
proteins, they nevertheless strongly indicate 
that it is absent or present only in very small 
amounts in the 6 proteins studied. Citlrullinie 
might be more readily destroyed by acid when 
in peptitde combination (than when in the free 
state, (but unless this difference were very 
great, small amounlts of i t  should survivle aicid 
hydrolysis. Acid hydrolysates were complete- 
ly negative for lcitrulline by the diacetyl mon- 
oxime reaction. Furthermore, if significant 
amounts of citrulline were present, it should 
have been recovered in the enzymatic digests. 
The exaot nature of the ureide compound pres- 
ent cannot be determined from these results. 
The virtual elimination of citrulline as a possi- 
bility enhances the probability that the originla1 
uineide may be either a cyclic type of struc- 
ture or more probably simply carbamic acid 
present as a constituen’t Qf the peptide chain 
anid hydrolyzed and spontaneously diecorn- 
pmed during enzymatic hydmlysis. 

Sztmnzizry. 1. Casein, amandin, arachin, 
myosin, and the crystalhe globulins otf pump- 
kin seed and watermelon seed give marked to 
moderatlely strong diacetyl mlonoxime reac- 
bims for citrulline when tested1 directly but 
their acild hydrolysates give colmpletely nega- 
tive results. 

2. Citmlline itself is relatively sl~owly de- 
stroyed by treatment with 6N hydrochloric 
acid’ at  110°C. 

3. Only very small amounts of ureide corn- 
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pounlds are found in enzymatic hydrolysates 
of the 6 proteins; however, when citrullinle is 
added to such hydrolysates, its "recovery" in 
terms of colorimetric units corresponds to 
several times the 'theoretical value. The rea- 

determined. 

absent or present only in minimal quantities 
in these proteins. 

This work was supported in  part  by a grant 
(ISSTR. 23)  from the American Cancer Society. 

the nitrogen analyses of the protein preparations. 
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authors wish to thank Miss Jane Price for  
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4. It is probable that citrulline is either 

Comparative Study of Lipids in Whole Carcasses of Arctic and 
Non-Arctic Fish.* (17453) 

CHARLES G. KILBER AND MICHAEL DEL POMO 
Front the Arctic Research Laboratory, P t .  Barrow, Alaska and The Biological Laboratories, 

St. Louis University, S t .  Louis, Mo. 

Information concerning lipid content an'd 
metabolism in cold-blooded animals is rela- 
tively meager Concerning these matters in 
Arctic poik(i1o therms, information is non-exis- 
tent. -4 survey was, therefore, made of the 
lipid content of whole fish, Pygosteus pungi- 
t i u ~ , ~  the Arctic 9-spined stickleback. The 
results were evaluated in comparison with 
similar analyses made on the common guppy 
(Girardinus guppyi) . 

Material and methods. \lrhole sticklebacks 
or guppies were carefully weighed anld then] 
dropped into a mixture consisting of 3 parts 
of pure ethanol and 1 part benzine. ,After 24 
hours the fish were ground with sand and the 
lipids extracted according to Bloor's meth0d.l 
Total ,fatty acids were estimated using the 
method of Bloor as modified by SnelL3 Lipid 
phosphorus was estimated by a modified 
Youngburg technic;4 from the latter results 

* Supported by a grant from the Arctic Institute 
of North America vitli funds provided by the 
Office of Naval Research. Sincere thanks are due 

phospholipids were calculated as lecithin. 
LZIeasuremeats of chlolesterol were based on 
methods developed by B l ~ o r . ~  Sinlce all the 
procedures are colorimetnic, a Klett-Summer- 
son photometer was used to1 mleasure ithe vari- 
ous color intensities. Ten sticklebacks were 
analyzed. Two groups of 5 each guppies were 
testled: one grloup was fed ordinary com- 
mercial fish folodt; the other, chopped earth- 
worms. 

Results. The resul'ts are summarized5 in 
Table I, which shows that there is a mean 
value of 4.88% fatty acids, 0.32% &lOilesterol, 
and 1.87% phospholipi'ds in' the Arctic stickle- 
balck. 

Table I also' S ~ W S  that the group of guppies 
fed on1 commercial fish food have the follow- 
ing mean lipid values: fatty acids, 8.87%; 
cholesterol, 0.56% ; phospholipid, 2.3 1%. 
Guppies fed on choppdl worms have lipid 
values practically identilcal with those fed 
commercial fish f d .  

Discussion. The results in'dicate that there 
Dr. Laurence Irving, director, and the staff of the is about the same amount of chdestberol in 
Arctic Research Laborator!- for invaluable aid the guppies o'n either diet, but tha2t there 
rendered during the work in the field. is less chollesterol in, the Arcticc fish than in 

Bloor, We R.9 BiochejnistrY of the Acids, the guppies. Total fatty acids are higher in, 
the guppies, on either diet, than in the Arctic New York, 1943. 

stickleback. The phospholipid content of all 2 Preble, E. A., A biological investigation of the 
Athabaska-Mackenzie Region, North American 
Fauna, No. 27, Washington, 1908. 4Youngburg, G. E., and Youngburg, M. V., 

methods of analysis, New York, 1937. 
3 Snell, F. D.: and Snell, C .  T., Colorimetric J. Lab. Clin. Med., 1930, 16, 158. 

5BIoor, W. R., J. Biol. Chem., 1916, 24, 227. 


