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A human liver cDNA library was screened by colony hybridization with a 
rat liver arginase cDNA. The number of positive clones detected was in agree- 
ment with the estimated abundance of arglnase message in liver, and the iden- 
tities of several of these clones were verified by hybrld-select translation, 
immunoprecipitation, and competition by purified arginase. The largest of 
these human liver arginase cDNAs was then used to detect arginase message on 
northern blots at levels consistent with the activities of liver arginase in 
the tissues and cells studied. The absence of a hybridization signal with 
mRNA from a cell line expressing only human kidney arginase demonstrated the 
lack of homology between the two human arginase genes and indicated consider- 
able evolutionary divergence between these two loci. ® 1986 Academic Press, Inc. 

Arginase (L-arginine-urea hydrolase; EC 3.5.3.1) is the final enzyme of 

the mammalian urea cycle and catalyzes the hydrolysis of arginine to urea and 

ornithine. Studies in rats and normal man have demonstrated that the predomi- 

nant enzyme species found in l iver and kidney (AI and AII, respectively) are 

two distinct,  but kinetically identical, proteins that seem to be coded by 

separate genes (1,2,3,4). It  is the product of the AI locus which is lacking 

in patients with clinical hyperargininemia, while in these cases the AII pro- 

tein is present at normal or augmented levels (4). 

As a f i r s t  step in studying the regulation of expression of these two ar- 

ginase loci, we cloned the liver arginase gene from rat and showed that i t  

cross-hybridizes, albeit to a limited degree, with the corresponding message 

from human liver (5). In order to expand this work to both normal human and 

arginase-deficient patient studies, we proceeded to clone the human gene, and 

report here the isolation of near full-length cDNA clones for human l iver  ar- 
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ginase. In addition, we found no homology between the coding regions of the 

two forms of human arginase. 

MATERIALS AND METHODS 

Colony Hybridization. A human liver-derived eDNA library, obtained from 
Stuart Orkin (6), was screened for human liver arginase clones by colony hy- 
bridization (7). This library was probed wi~ the rat liver arginase eDNA in- 
sert from our recombinant clone 3BI (5), ~P-labeled by random priming (8). 
Hybridizing c±ones were picked, subcloned, and subjected to a second round of 
screening. 

Verification of Human Liver Arginase eDNA-Containing Clones. The sizes 
of eDNA inserts from clones selected by colony hybridization were determined 
by agarose gel electrophoresis of the PstI-digested recombinant plasmids (9). 
The shared identity of all these inserts was then determined by probing a 
~ uthern blot of the sizing gel with the largest of these inserts labeled with 

P (I0). The ability of this same eDNA to hybrid-select human liver 
arginase-speclfie mRNA was determined by previously described methods for RNA 
isolation, hybridization, in vitro translation, antibody production and immu- 
noprecipitation, and SDS-polyacrylamide gel electrophoresis and fluorography 
(5). 

Cell Culture. The continuous rat hepatoma line H4 (II) was cultured and 
induced with hydrocortisone, and arginase-specific activities were determined 
as previously described (12). Human embryonic kidney (HEK) cells transformed 
with adenovirus 5 were also maintained as described before (12,13). 

Northern Blot Analysis. RNA was electrophoresed, blotted, and hybridized 
as previously described (5), 3~xcept that the human liver arginase eDNA de- 
scribed herein and labeled with P was used as probe. 

RESULTS AND DISCUSSION 

Approximately 60,000 colonies out of a 141,O00-member human liver cDNA 

library in plasmid pKT218 (6) were screened by colony hybridization using a 

32p-labeled rat liver arginase eDNA probe. Sixty-eight positive colonies were 

identified, which is in agreement with the 0.i percent abundance of arginase 

in liver, inferred from both purification and in vitro protein synthesis stud- 

ies (unpublished observations). A second round of screening was performed on 

40 of these colonies, and 37 again proved to be positive. Fig. 1 is an 

agarose gel demonstrating that the cDNA inserts from 22 of these clones ap- 

proach a size limit of about 1550 bp, which corresponds to a near full-length 

representation of the 1700 base mRNA for arginase detected in human liver (5). 

This gel was then blotted to nitrocellulose, and one of the largest of the in- 

serts (from recombinant plasmid p6B shown in lane 5) was labeled with 32p and 

used to probe the filter. All the inserts hybridized to the probe (not 

shown), which indicates that they have a shared identity and that the rat 
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Fig. I. Agarose gel to determine the sizes of cDNA inserts. A human liver- 
derived eDNA library was subjected to two rounds of screening by colony hy- 
bridization with a rat liver arginase cDNA probe. To determine the sizes of 
the cDNA inserts, the isolated recombinant plasmids from 22 of the positive 
clones were digested with Pstl, electrophoresed through a 1.5~ agarose gel, 
and visualized with ethidium bromide. 

liver arginase probe used in the colony hybridization selected a unique popu- 

lation of human cDNAs. 

Confirmation that these clones code for human liver arginase was achieved 

by hybrid-select translation assays. Fig. 2 shows the results of one such ex- 

periment involving clone 6B. The products of an in vitro translation of 

poly(A) + RNA from human liver performed in a rabbit reticulocyte lysate with 

added L-[35S]methionine are shown in lane i. A portion of this same transla- 

tion lysate was then immunoprecipitated with rabbit anti-rat liver arginase 

serum, which cross-reacts with the human enzyme. The arrow at the left indi- 

cates the position of human liver arginase, which is seen in lane 2 among the 

immunoprecipitation products. This band is specifically absent from lane 3 

where purified, unlabeled arginase was added as an immunological competitor. 

Lane 4 shows the translation products of a reaction primed with mRNA eluted 

from a filter to which p6B had been bound. A prominent band is present at the 

position of the arginase subunit. Lanes 5 and 6 show that this band is also 

precipitable with anti-arginase serum, and lane 7 confirms the specific inhi- 

bition of this precipitation by cold arginase. Comparable results were ob- 

tained for several of the putative human arginase clones using several 

anti-arginase sera. Some of these same antisera have also been used to immu- 
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Fig. 2. Translation of human liver mRNA hybrid-selected with plasmid DNA from 
recombinant clone 6B. Plasmid DNA from clone 6B (p6B) was isolated, dena- 
tured, and bound to a nitrocellulose filter. This filter was incubated at 
50°C for 3 h with 150 ~g/ml of human liver poly(A) + RNA under hybridization 
conditions and then washed at 65°C. The bound RNA was eluted by boiling for 1 
min. After phenol extraction the RNA was translated in I0 ~l of reticulocyte 
lysate translation mixture in the presence of L-[~S]methionine. One-third of 
the hybrid-select translation was electrophoresed on a 10% polyacrylamide gel 
to demonstrate total immunoprecipitation products. Of the remaining 
two-thirds, half was immunoprecipitated with anti-arginase serum, and the im- 
munoprecipitate and its supernatant were electrophoresed. The remainder of 
the lysate (a volume equal to that just immunoprecipitated) was immunoprecipi- 
tated with anti-arginase serum in the presence of 3.6 ~g of added purified 
rat liver arginase. Such a competition was also performed to compare 
anti-arginase immunoprecipitations from the translation products of unpro- 
cessed (i.e., total) human liver mRNA. Lane 1 contained the translation pro- 
ducts of I00 ng of human liver poly(A) + RNA, The anti-arginase immunoprecipi- 
tare of the translation products directed by 200 ng of this same poly(A) + RNA 
was run in lane 2. Lane 3 showed the competition between 3.6 ~g of pure rat 
arginase and the arginase produced in the translation of another 200 ng of 
poly(A) + RNA from human liver for anti-arginase immunoprecipitation. Lane 4 
contained one-third of the translation lysate directed by the RNA 
hybrid-selected by recombinant 6B. Of the remaining two-thirds of this 
lysate, half was immunoprecipitated with anti-arginase serum (lane 6)] and the 
other half was similarly immunoprecipitated, but with 3.6 vg of cold arginase 
added as competition (lane 7). The supernatant from the immunoprecipitation 
for lane 6 was run in lane 5. Distortion seen around 69 kDa in this lane was 
due to albumin in the antiserum. 

noprecipitate liver arginase from normal humans and to demonstrate the lack of 

detectable arginase protein in hyperargininemic patients (4,14). 

The cDNA insert from clone 6B was then used to detect homologous mRNA 

derived from different sources and separated by electrophoresis. Fig. 3a 

shows that a unique species of approximately 1700 bases is present in human 

liver. This band corresponds to the message previously detected in human and 

rat liver by northern analysis using rat liver arginase probes (5,15). In 

contrast, very little if any signal is detected in lane 7, which contained 20 

56 



Vol. 141, No. 1, 1986 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

1 2 3 4 5 6 7 1 2 3 4 5 6 

-285- 

i -18S- 

Fig. 3. Size and relative abundance of liver arginase mRNA. Poly(A) + RNA 
from human and rat liver and cell lines were denatured in a formaldehyde/form- 
amide-eontaining buffer, electrophoresed on a 1.25% ~grmaldehyde agarose gel, 
transferred to nitrocellulose, and hybridized with --P-labeled cDNA from re- 
combinant 6B. Fig. 3a was autoradiographed for 3 h with a single Du Pont Cro- 
nex Quanta II intensifying screen, and Fig. 3b was similarly autoradiographed, 
but for 6 h. 3a) Lane I contained 3 ~g of poly(A) + RNA from human liver, and 
lanes 3,4 and 5 contained, respectively, i ~g, 0.1 ~g, and I ~g of this same 
RNA. Lane 7 contained 20 ~g of poly(A) + RNA from HEK cells. Lanes 2 and 6 
were empty. 3b) Lane I contained 3 ~g of poly(A) + RNA from rat liver, and 
lanes 2 and 3 each contained 1 ~g of this same RNA. Lanes 4 and 5 contained, 
respectively, 3 ~g and I ~g of poly(A) + RNA from H4 rat hepatoma cells induced 
72 h with hydrocortisone. Lane 6 contained 5 ~g of poly(A) + RNA from unin- 
duced H4 cells. 

~g of poly(A) + RNA from HEK cells. This cell line expresses high levels of 

the second, or kidney, form of arginase (approximately equivalent to uninduced 

H4, see Fig. 3b), while producing little or no liver isozyme (13). The ab- 

sence of significant hybridization in this lane demonstrates the lack of 

cross-hybridization between the two genes for arginase and confirms the infer- 

fences drawn from immunological and electrophoretic data (3,4). 

The abillty,of this probe to detect message for liver arginase from rat 

is shown in Fig. 3b. Taking into account the fact that this figure was from 

the same northern blot as shown in Fig. 3a, but exposed about twice as long, 

the signal seen in lane I may be as little as one-tenth that observed in the 

first lane of Fig. 3a, although equivalent amounts of poly(A) + RNA were 

present in these two lanes. As expected, the analogous situation had been ob- 

served when human RNA was probed with a rat liver arginase eDNA (5). This 

previous northern blot also revealed an increase in the message for liver ar- 

ginase paralleling the increase in arginase activity following 72 h hydrocor- 

tisone induction of H4 cells. When corrected for the different amounts of 

poly(A) ~ RNA applied, lanes 4 and 6 of Fig. 3b show a relationship identical 

to that previously detected with the rat liver arginase probe (5). 
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That 6B and the other clones just described are all specific for human 

liver arginase has been established in several ways: Colony hybridization 

between a human liver cDNA library and a rat liver arginase cDNA detected a 

number of clones in accordance with the relative abundance of arginase in that 

tissue, and the shared identity of the 22 clones studied was subsequently con- 

firmed by their mutual hybridization to the cDNA insert from one of the larg- 

est of these, 6B. The largest of the 22 homologous inserts approached a size 

limit slightly smaller than liver arginase message, which is consistent with 

their identity as near full-length cDNAs for human liver arginase. The 

plasmids from several of these clones, including p6B, were then shown to spec- 

ifically hybridize to human liver arginase messaKe, as shown by hybrid-select 

translation assays, and, finally, the cDNA from clone 6B was able to detect 

arginase message on northern blots at levels consistent with the activities of 

liver arginase in the tissues and cells studied, while failing to hybridize to 

message for kidney arginase. 

The availability of a liver arginase-specific cDNA probe has already per- 

mitted the definition of the corresponding genomic locus from rat and mouse 

(5), the mode of induction of liver arginase in H4 hepatoma cells (5), the na- 

ture of arginase (and other urea cycle enzyme) induction in vivo in rats by 

hormones and diet (S.M. Morris, Jr., et al., submitted), the mapping of the 

human liver arginase gene to chromosome band 6q23 (16), and the definition of 

a restriction fragment length polymorphism at this site (J.R. Kidd, et al., 

submitted). In addition, we have now demonstrated a lack of significant 

homology between the liver and kidney arginases in man, supporting the notion 

of two distinct arginase genes. The human liver arginase cDNA that we have 

identified will continue to be vital to investigations into the evolution of 

the arginases (4), the nature of the common and disparate regulatory signals 

affecting them (and the other urea cycle enzymes), and the nature of their 

tissue-specific expression differences (17). 
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