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SUEII'IARY. We have puritied from beef Ilver an enzyme WniCh decar- 
bamoylates carbhmoyl-hemoglobin and to a much lesser extent car- 
bamoyl histones. Carbamoyl casein was a poor substrate wnile car- 
bamoyl trypsin, fibrinogen ana ovoalbumin were not affected. The 
optimal pH is 7.4. Addition of Iyi@+, Mn++ or Ca++ was without ef- 
fect. On testing citrulline as a substrate we found high activi- 
ty leading us to suspect that the activity ot the decarbamoylase 
preparation was due to contaminating ornithine transcarbamoylase 
activity. Evidence tor tnis is the similar ratio of transcarba- 
moylase to decarbamoylase activities of both ornithine transcar- 
bamoylase and of the purified preparation of decarbanoylase trorn 
beet liver. Also, &PALO, the specitic innibitor of ornithine 
transcarbamoylase innibited both preparations to tne same ex- 
tent. Interestingly, ornithine transcarbamoylase from bacteria 
also has decarbamoylase activity while aspartic transcarbamoyl- 
ase does not. @ 1985 Academic Press, Inc. 

We reported briefly the existence in liver extracts and pu- 

ritied preparations tnereot, of a "decarbanloylase" which had ac- 

tivity with a number ot carbamoylated proteins (1). Of carbarnoyl - 

atecl proteins tnus tar tested carbanioyl-hemoglobin was by tar 

the best substrate. Tnis tinainy appears potentially ot practi- 

Cal interest beCaUSe carbamoyl-hemoylobin has been loentltied in 

a number of abnormal conaitions, particularly uremia (Z). 

We have puritied the aecarbarnoylase activity trom rat liver 

and more extensively tram beet liver. On testing various poten- 

tial substrates we fauna that a number ot carbamoyl amino acias 

were sligntly active and surprisingly, tnat citrulline was a 

good substrate. Although ornithine transcarbamoylase is known to 
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be highly specific, we wondered whether it might possibly nave 

decarbamoylase activity. On testing highly purified ornit,hine 

transcaroamoylase (OTC) tram beef liver, we found tnat it aid irJ 

deed nave decarbamoylase activity. Vloreover, the transition 

state analog and nighly specific ornitnine transcarbamoylase in- 

hibitor 6-N (phosphonacetyl)-L-ornithine (6-PALO), (31, innibit- 

ed both the transcarbamoylase and oecarbamoylase activities of 

our purified preparations, as well as tnose of beef liver OTC. 

The findings presented in this paper suggest that tne decar- 

bamoylase activity of the extensively purified preparations re- 

flects contaminant UTC activity. In other words, OTC co-purified 

with a protein(s) having Similar physical properties and there- 

fore our suggestion of a decarbamoylase (11 "per se" appears to 

be an artetact. However, the nitnerto unexpected decarbamoylase 

activity of OTC is of interest. These findings are illustratea 

in this paper. 

FIATEKIALS ANU FiETHOUS 

Proteins: 
night at 37 

incluaip4g human nertilo~lobin, were incubatea over- 
C wit? f  C) KCNU (specific radioactivity: U.25 

nlCi/mmol) at a concentration ot 5 uCi per 3U mg ot protein. In- 
cubations were done in 50 mM Tris-HCl pH 7.2. Residual cyanate 
was removed by dialysis against water, or by aesalting by tne 
method Of PenetSky (4). The preparation of carbanioylated inter- 
mediates of human hemoglobin was by the netnoo ot Williams et 
al. (51. Hemoglobin was rlrethylated by tne method of Rice and 
pieans (b). Histones, Type II-S from Sigma, were acetylated by 
the method of Inoue and Fujimoto (7). beef liver OTC was puri- 
fied as describea by F;arsnall and Conen (61, 6-PALU was puri- 
tied as aescribea by brartinis et al. (3). Carbamoyl aminOaCidS 
were preparea by incuPating overnignt at 37°C glJ pmoles of ("C) 
KCNO (specific radioactivity U.U7 mCi/nimol) With one my ot tne 
arninoaciu in u.5 ml of U.l 1+i Tris-HCI bufter pH 7.2. Residual 
cyanate was aecomposed by the addition of acetic acid 10% (w:v). 
Tne mixture was kept tor it h at 4U "C and subsequently neutra- 
lized witn 1 E'I Tris Base. 

Assay ot decarbamoylase activity. Tne incubation medium contain- 
ed llu umoles ot soaium pnospnate pH 7.0, 1riU 
ated hemoglobin (containing U.7 uuoles of (I4 C P 

g Ot CarbaliiOyl- 
carbanroyl group/ 

my nemoglobin) and 125-250 uy of puritied enzyme in a volume of 
1.1 ml. Tne assay mixture was placed in test tubes which were 
then sealed Witn rubber stoppers pierced by a syringe needle 
nolding two penicillin payer disks (5 8161 aial;leter) ildpregnatea 
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with 5u ~1 of toluene/NCS solubilizer for liquid scintillation 
counting 1:l solution and a syringe containing trichloroacetic 
acid. After incubation tor 60 min at 37"C, the reaction was stop- 
ped by injection ot 2OU pl of 10% trichloroacetic acid into the 
tubes which were kept shaking for 3U min. at 4U "C. To deter- 
mine the ("C)CU2 trapped in the disks, tney were placed in 3 ml 
ot scintillation tluid and counted in a liquid scintillation 
Spectrometer (Intertechnique PG4lJUU). The content ot ("'X) CO, as 
product of the reaction was estimated by the ditterence between 
tubes witn and ki thOut enzyme. 

Determination ot protease or demetnylase activity. The assay con- 
tained 12U pg of ("L) methyl-hemoglobin (0.040 pmoles ot p4 C) 
tormaldehyde per my ot hemoglobin) and 25-3U pg at decarbamoyl- 
ase in ZUU ~1 of souium pnospnate bufter 90 rnB ptl 7.0, and was 
incubatea tor 1 h at d7 "C. The reaction was stopped by the addi- 
tion ot luu 1-11 of ZO% trichloroacetic acia and lull ~1 ot 5% CISA. 
The tubes were centrifuyecl and the radioactivity determined in 
the supernatant. 

Determination ot deacetylase activit 
as tollows: 250 
nmoles ( 

?.I g of ~~l:~~l~~S~:s~o'~:e;'~b'ecwaS 
14C) acetyllmg of histone) was incubated with the enzyme 

preparation at 37 "C in a final volume of U.6 ml in 25 mF1 sodium 
phospnate buffer pH 7.0. After the incubation, the reaction mix- 
ture was acidified by the addition of 0.1 ml of 1 tJ HCI contain- 
ing 5 FtmOleS of carri.er acetic acid. Acetic acid was extracted 
by Shaking With 3 ml ot ethylacetate. 2 ml of the organic layer 
was taken, mixed With the scintillation solution and the radio- 
activity measured. 

Determination ot ornithine transcarbamoylase activity. Tne assay 
contained 2.5 umoles of carbamoyl phosphate, 2.5 pmoles ot L-orn- 
ithine anu an appropriate amount of enzyme in 0.5 ml of 50 nrrl 
acetate-aiethanolamine butfer pH 7.0. The incubation was for 10 
min at 37 “C and the citrulline tormed was assayed (9). 

RLSULTS AllU UISCUSSION 

Enzyme purification from beef liver. Since the activity is low, 

rat liver is not a convenient source from which to isolate suf- 

ficient enzyme to stuuy its properties. fresh bovine liver was 

theretore used routinely as the source of enzyme. The results of 

a typical purification are snown in Table I. Livers were washed 

in ice cold U.15 F1 KC1 and minced with scissors. They were homo- 

genizea in 4 volumes ot cold U.ls F'I KC1 in a Waring blender. The 

nomoyenate was tiltered throuyn glass wool and centrifuged. Cen- 

trituyations were for 15 win at 17,000 x g at 4'C. The resulting 

supernatant iS the crude fraction, from WhiCn the enzyme was ob- 

tained by precipitation with acetone. To each 100 ml ot crude 
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TABLL f  - Purification of the enzyme from 400 g of liver 

Fraction Protein Total Specific Recovery 
activity activity 

(mg) (pmoles) (pmoles/ % 
mg prot) 

Crude 26,600 21.100 0.8 100 

Acetone 880 8,550 65’C Heated 220 6,670 :: :: 
Sephadex eluate 1.4 680 485 3 

fraction were added 50 ml of cold acetone in a bath Kept -10°C; 

the precipitate was discarded. The supernatant was mixed with 

more acetone to reach 60% (v/v). The resulting precipitate was 

dissolved in double distilled water to a volume ca. 0.1 tnat ot 

the Crude fraction. It was then neated for 5 min at 65"C,'cool- 

ed, centrifuged for 15 min and tne supernatant lyophilized. 

The lyophilized material was dissolved in 1 ml ot 0.1 PI so- 

dium phosphate butfer pH 7.0 (ca. 20 mrj ot protein/ml) and then 

applied to a Pharmacia column, 30 x 1.5 cm., packed with Sepha- 

dex C;-1UU fine (bed volume of 45 ml). Tne column was equilibra- 

ted and eluted witn u-1 !*I sodium phospnate buffer pH 7.0. The 

elution was carried out at a tlow rate of about 14 ml per hour. 

The fractions containing tne decarbamoylase activity, eluted be- 

tween 30-35 ml, were combined and lyophilized. Tne isolated en- 

zyme was stable for many rnonths when stored in a desiccator at 

4’c. 

Effect of pH. The effect of pH on the activity of the uecarba- 

moylase was studied in U.l Irl citrate pn.osphate buffer between pH 

3.4-7.0 ana in U.l b1 sodium phospnate between 5.7-7.9. As can be 

seen in Fig. 1 maximal activity was Obtained at pH 7.4. 

Etfect ot cations. Between U.Ol-5.00 mEl, Pig++, Pin++ ana Ca++ had 

no effect on the actitivity. 

444 



Vol. 128, No. 1, 1985 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

L 

E 10 
. 
3 
Z 
f6 

2 

, I I I I I I 
3 4 5 6 7 8 

FIGURE l.- Effect of pH on activity of nemoglobin aecarbanoylase. 

Incubations were for one hour in citrate-pnosphate (A) and sodium 
pnospnate (01 buffers, as indicatea in Fletnods, with carbamoyl- 
nemoglobin and 2bU pg ot the enzyme with a specitic activity of 3U 
pmoles/mg protein. 

Uecarbamoylation of several protelns and aminoacids. A number of 

carbamoylated proteins were tested as substrates for the decar- 

bamoylase (TableIIl. At the concentrations tested, and other 

than w ith henoy 

ty and carbamoy 

obin, only carbamoylated histones ShOWed aCtiVi- 

case in traces. The decarbanloylatiny effect was 

not aue to protease or aemetnylase activities because there was 

neyligible liberation of acid-soluble radioactivity in the pre- 

sence of f'C > methylated nemoylobin. We tested [14C] acetyl- 

TABLE II - Decarbanioylation of several proteins 
witn the aecarbauylase 

Substrate used Activity 
pmols/nour 

Carbamoyl-hemoglooin 
Carbamoyl-histones 
Carbamoyl-casein 
Carbamoyl-trypsin 
Carbamoyl-fibrinogen 
Carbamoyl-ovoalbumin 

bU.75 
U.51 
u.07 
cl.00 
u.ou 
0.00 

Tne assay was aone under tne conditions described in tne 
paper, using 125 pg of enzyme. 
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labeled nistones Without effect. We alSO tested the decarbamoyl- 

ase With hemoglobin specifically carbamoylated at either the 

f-NH2 groups of 1ySine or the NH2-terminal valines. The enzyme 

snowed the same activity With both types of carbamoylated hemo- 

globins. 

Tne following carbamoyl aminoacids were tested, carbamoyl 

B-alanine, carbamoyl glutamic acid, carbamoyl -val i ne and carba- 

moyl-lysine; Only CarbamOyl-Valine and CarbamOyl-1ySine were 

slightly active. Citrulline, however, appeared to be a good SUbS- 

trate. It appeared to us Unlikely that tne decarbamoylase libe- 

rated CU2 from tne ureid group ot citrulline via the reversal 

of tne reaction catalyzed by OTC. Tnis reaction is very diffi- 

cult to measure and generally ignored because of the inhibitory 

effect of Ornithine (1~)). 

We carried out a comparative study of tne activities ot the 

decarbamoylase ana of highly purified OTC from beef liver. As 

shown in Table111 both OTC and tne decarbamoylase were able to 

decarbamoylate carbacroyl-helnoglobin and citrulline, ana the de- 

carbamoylase coula also syntnesize citrulline from CarbamOyl 

phosphate and ornithine, i.e. it had OTC activity. lilOreOVer, tne 

ratios of activity were similar. Also, the specific inhibitor ot 

TABLEIII- Relative velocities of ornithine transcarbamoylase 
and the purified "decarbamoylase" for citrulllne 

and nemoglobin decarbamoyla'tion 

Reaction 
measured 

Preparation 

OTC Oecaroamoylase 
(nmoles/min. mg) (pmoles/min.mg) 

Citrulline syntnesis 
Citrulline decarbamoylation 
Hemoglobin decarbamoylation 

500,000 80,000 
0.18 

10'9:: 8.1 

Oecarbamoylation of citrulline and carbamoyl-nemoglobin was car- 
ried out under tne same conditions using 2.0 and 2.2 nmoles of citrul- 
line and hemoglobin, respectively. 
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UTC, the transition analog &-PklU (&-N-(pnosphonacetyl)-L-orni- 

thine), inhibited Doth the decarbamoylase and the transcarbamoyl- 

ase activities ot the two preparations. OTC from Streptococcus 

toecalis also snowed decarbamoylase activity With carbamoyl hemO- 

ylobin. It had an activity of 9.17 nmols/rnin/mg protein With 

carbamoyl-nemoglobin, under the same conditions used witn Deef 

liver OTC. 

Interestingly, When the sodium phosphate buffer was replaced 

by acetate-diethanolamine buffer, botn OTC and tne decarbamoyl- 

ase preparations failed to show activity with citrulline and 

there was only a slight activity (0.8 pmoles/min/mg prot.1 wnen 

carbamoylated hemoglobin was used as substrate. Since it is dif- 

ficult to obtain pnosphate-tree hemoglobin, it appears likely 

that phosphate is necessary for the decarbamoylation reaction. 

Aspartate transcarbamoylase from StreptOCOCCUS foecalis did not 

show decarbamoylase activity with CarbamDyl hemoglobin When test- 

ea under conditions similar to tnDSe used With OTC. 

The findings presenteu above stronyly Suggest that the decar- 

barnoylase activity is due to ornitnine transcarbamoylase. This 

was indeed unexpected since it was believed up to now tnat OTC 

had absolute specificity. Finally, the decarbamoylase activity 

may be an example ot protective enzymes. Certainly urea, KCNO 

and carbamoyl phospnate are known to modify and carbamoylate pro- 

teins. Indeed, other modifiea proteins exist in tissues where 

tnere is a great excess of substrate, e.g. glucose and glycopro- 

teins; possibly glycoxidases as well as UTC and Other enzymes 

may be of importance in preventing protein modifications or re- 

storing modified proteins. The apparent involvement ot phospnate 

in the decarbamoylase activity of OTC, as well as in the back re- 

action, suggest a possible intermediate tunction for carbarnoyl 

phosphate or sucn related products as carbamate. 
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