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Between the relationship of NOS (NO-synthase) agghase in complicated and pecu-
liar metabolic pathway of L-arginine there are mamgiscovered points up till now. The aim
of our study was to investigate the influenceNGfhydroxy-L-arginine (NOHA) on the activity
of urea cycle enzymes in vitro. Studies have shtvat NOHA decreases the activity of all the
urea cycle enzymes in liver, except ureotelic aag@) and increases the activity of argininosuc-
cinate synthase and argininosuccinatelyase in taaéhkidney. Our results show that the influ-
ence of NOHA on various organs in a different wayainew revelation in the pathway of L-ar-
ginine. We show that NOHA performs an importanerol the metabolism of urea cycle meta-
bolites (ornithine, citrulline and arginine) in fifent tissues.

Urea cycle — K-hydroxy-L-arginine — nitric oxide — arginase

L-wipghthuh pwpn b jnipophtiwy dbwwpnihl mnnd gnpdnn wpghtiwuq b NO-uhupwq
dtpdkunutiph hnpuhwpwpbpnipmmuttpmd jut spuguhwyngws Ynndtp: Usjuwnwiph tywnwli
E in vitro wuwydwbtbpmd munwdbwuhply  AS-hhnpopup-L-wipghtthth  (Z0LU)  wqnbgmipniup
opuhphuughtt ghlyjh $bpubkunubph wlinhynmpjut Jpu: ZEknwgnunmpnibbpp gnyg L wdby
20LU-h wpgbjulnn wqgkgnmpimip opthphtwght ghlyih popnp $hpdbuntbph Ypw yupgod (pugu-
pmpjudp npblnphjhly wpghtiwgh), wiwnhyuging wqpbgnipmniup wpghthtinunitjghiwnuhtipuq
b wpghthtnuniyghiwwnhwq  $bpdbbnubph  Jpu Ephjwdubpnid b qiluminbnnud:  Z20LU-h
wqnlgnipjut nwuppbpmipjut hwjntwpkpnudp wwuppbp opquiitkpnud unp  pugwhwynnud £ L-
wpghthuh  nipuhnjuwtwlnipmiinud: Unwgjuws  wpyniuputpp gnyg i wwhu  wwppkp
hnudusputipnud ZOLU-h uplnpugnyt nipp dhquiyniph uhtipliqh dkinwpnjhntbph (optthphi,
ghwpnht, wpghuht) Wniputhnfuwbwlnipniimd:

Uhquigniph uhliplq — N°-hhgpopup-L-wpghlihll — wenunp unliopupn — wpghlnug

B cnoXHOM ¥ CBOeOOGpasHOM MeTaboNIMYeCKOM NyTH L-aprMHMHA MeXZy OT-
vomenuamMu NOS u apruHassl [0 CHUX IOpP €CThb MHOTO HEHCCIeJOBAHHBIX BOII-
pocos. Hameit nensio 65110 u3ydeHue BIusHUA N-rugpokcu-L-aprunuza (I'OJIA) Ha
aKTHUBHOCTH (epMEHTOB I[MKJIa MOYeBHHSHI in vitro. MccremoBanusa moxasanu, uto 'OJIA
WHTAGUPYeT aKTHBHOCTh BCeX (epMeHTOB LMKJIA MOYEBHUHBI, KpOMEe YpeoTeJIHdecKOin
130QOPMBI apTMHA3bl B II€YeHH, IIOBBINIAET AKTUBHOCTh apIMHHHOCYKIMHATCHHTA3Bl U
apTMHUHOCYKIMHAT/INA3bl B Pa3HBIX TKaHbAX. Hamu pesynbraTel IIOKa3aau, 4TO BIHIHUE
TOJIA Ha depMeHTH pa3IMYHBIX OPraHOB IIO-Pa3sHOMY — 3TO HOBOe OTKpBITHE B
MertabonnyeckoM nyTtu L-aprununa. Hamu moxasano, uro 'OJIA urpaer BaXHYIO poib B
MeTaboyn3Me MeTabONIUTOB IUKJIA MOYEBHHH (ODHHUTHH, aprUHUH U IUTPYIHH) B

Pa3sIMYHBIX TKAHAX.
Curre3 MoYeBHHBI — N° - THAPOKCH -L- aprHHHH — MOHOKCHJ a30Ta — aprHHA3a

Arginase (EC 3.5.3.1) hydrolyses L-arginine intcearrand L-ornithine, and
NO-synthase (NOS) (EC 1.14.13.39) hydrolyses Lramgiinto NO and L-citrulline [3, 6].
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N®-hydroxy-L-arginine (NOHA) occurs during L-arginineonversion into NO, where
NOHA is the principal intermediate in the reactamd a strong inhibitor for arginase [6].
As arginase and nitric oxide synthase (NOS) sharenamon substrate, the regulation of
arginase is linked with nitric oxide (NO) productj@nd it has been suggested that the ba-
lance of L-arginine metabolism between these twbways has important pathophysiolo-
gical effects [7, 9]. The regulation of L-arginingetabolism in tissues that possess both
arginase and NOS activities is poorly understood (3. Urea cycle in hepatocytes of liver
consists of 5 enzymatic reactions (carbamoylphdsphgnthase (CPS), ornithinecarba-
moyltransferase (OTC), argininosuccinate synthagmgininosuccinaseand ureotelic
arginase (UA) [1, 11]. In nature existed 3 isoforoidNOS: neuronal (nNOS or NOS 1),
inducible (iNOS or NOS 1), endothelial (eNOS or 8@I) [3]. It is especially important,
that three of five urea cycle enzymes (ASL, ASS arginase) are found in brain and
kidney [2, 8]. In brain and kidney the mentionedrzymes of the urea cycle and NUA and
NOS are enzymes of one united system that providbsatructed synthesis of NO 10, 11].
In our previous investigations was revealed thébitihg influence of NO on the activity
of the urea cycle enzymes both in liver, kidney araidn [10]. Now our aim is to investti-
gate and reveal the new points of the biologickd ad NOHA the metabolic pathway of
L-arginine.

Materials and methodsMale adult Wistar rats (200-220 g) were fed a staddhow diet.
The animals were killed under ether anesthesiavi@t by decapitation. The chemicals were
obtained from Sigma-Aldrich Co. Ltd. (Taufkirchem/@any). Carbamoylphosphate synthase |
(EC 2.7.2.5) activity was determined by citrullinencentration [1, 4]. Assay reaction mixture
contained 30 puM NaHC{ 35 puM MgSQ, 25 pumol NHCI, 40 uM L-ornithine, 120 pM
DL-glutamic acid, 10uM ATP, pH 7.2; 0.7 ml homogenaOrnithinecarbamoyltransferase
(EC 2.7.2.5) activity was determined by concentratdd ammonia [1]. Assay reaction mixture
contained 1.5 ml 100 uM L-citrulline and 500 pM M&04, pH 7.2, and 0.5ml homogenized
thick material. The activity of argininosuccinagmthetase (EC 6.3.4.5) and argininosuccinatelya-
se (EC 4.3.2.1xctivity were determined by citrulline concentratif8]. The incubation mixture
contained 20 uM fumaric acid, 20 uM aspartic a2@uM citrulline, 10 uM ATP, 5 uM MgSQ
20 uM arginase and 1ml homogenate. The citrullovenéd was measured by using diaceltylmo-
noxime and read at 487 nm [5]. UA and NUA actiwtgre determined by urea concentration
[2, 4]. In the column (2,5%x50 cm) containing Sephad-150 are added the crude extracts. The
homogenate was centrifuged at 1500 g for 10 mi4°@t The column was balanced with phos-
phate buffer (pH 7,2) and was collected 40 fractieach one of for 4 ml. The reaction mixture
contained 1.4 ml glycil-glycine, pH 9.5, 0.2 ml M{0.4 ml L-arginine, and 1ml enzyme eluate.
Results expressed as means + SD. NOHA effect onaya enzymes activity was examined by
Student's t-test using StatSoft 7.0.

Results and Discussiort.o reveal the mechanism and nature of the NOHAuinfl
ence on the urea cycle enzymes we use 2 concenttNOHA — 1 and 2 pM in potas-
sium phosphate buffer (0.2 M, pH 7.4). The mentiboencentrations of NOHA were
added to the incubation mixture of urea cycle ereynin fig. 1 is shown the NOHA in-
fluence on the activity of ASS and ASL (based anuked method, mentioned enzymes
activities are presented in a united way), OTC @R in the hepatocytes of the liver.
Liver ASL and ASS united activity is inhibited byQMA in 14,7 % adding 1 uM and in
39,1% adding 2uM of NOHA (fig. 1, a). OTC activity inhibited by 18,5 and 40,75%,
adding in the incubation mixture 1 and 2uM of NOk@érresponding (fig. 1, b). CPS ac-
tivity is inhibited by 22,9 and 58,8%, adding hetincubation mixture 1 and 2 pM of
NOHA corresponding (fig. 1, ¢). Mentioned facts whitie inverse correlation relation-
ship between the activty of NOS and urea cycle ewexy The results noted above and
below indicate the competitive relationship betwBKIS and urea cycle enzymes not only
for L-arginine [5, 10], but also towards to otherpiortant biological metabolites as are
L-citrulline and L-ornithine.
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Fig. 1. The influence of NOHA on urea cycle enzymes agtivitrat liver. a — NOHA
influence on ASS and ASL activity, b — NOHA effect OTC activity, c — NOHA effect on
CPS activity, CPS — Carbamoylphosphatesynthase,- A8§ininosuccinate synthetase, ASL -
ArgininosuccinatelyaseQTC — Ornithinecarbamoyltransferase, NOHN&hydroxy-L-arginine, *
— enzyme activity in norm, ** — enzyme activity UM NOHA, *** — enzyme activity + 2 uM
NOHA (n=7, p<0.05).

The results of NOHA influence on the activity changf the enzymes in brain
and kidney are completely different from the reslitt the liver hepatocytes (fig. 2).
NOHA increases the activity of ASS and ASL in braimd kidney. In kidney the united
activity of ASS and ASL is increased in 32,3 anc18@, adding 1 and 2 pM of NOHA
in the incubating mixturecorresponding (fig. 2, Bjain ASS and ASL united activity is
increased by 9,8 and 19,8%, adding 1 and 2uM of N@t+the incubation mixture cor-
responding (fig. 2, b). The unsimilar response 8SAand ASL activity change in brain,
kidney and liver to the NOHA influence, can be hesmaof the possible existance of
ASS and ASL isoforms in different organs, which @ahfferent functions.

The results of NOHA influence on the activity changf the enzymes in brain
and kidney are completely different from the resuitthe liver hepatocytes (fig. 2).
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Fig. 2. The influence of NOHA on ASS and ASL activity irdkiey (a) and brain (b).* — ASS and
ASL activity in norm in kidney, ** £enzymes activity + 1 uM NOHA, *** Tenzymes activity +
2 UM NOHA, + — enzyme activity and NOHA influencelirain(n=7, p<0.05).

NOHA increases the activity of ASS and ASL in braimd kidney. In kidney the
united activity of ASS and ASL is increased in 32581 87,1%, adding 1 and 2 pM of
NOHA in the incubating mixture corresponding (fi§y.a). Brain ASS and ASL united
activity is increased by 9,8 and 19,8%, adding d 2nuM of NOHA in the incubation
mixture corresponding (fig. 2, b). The unsimilaspense of ASS and ASL activity chan-
ge in brain, kidney and liver to the NOHA influencan be because of the possible exis-
tance of ASS and ASL isoforms in different orgamkich have different functions.
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The most probable biological reason of the highlgntioned activity increase
should be the provision of the essential quantitiels-arginine for the synthesis of NO.
Further investigations about the above mentionetsfare being confirmed, but the re-
sults already let us to make similar conclusionghis work also is presented the influ-
ence of NOHA on the activity of NUA and UA of thiedr, and NUA of the brain and
kidney. With the assistance of Lineweaver-Burk’sveuwas revealed the mechanism of
the inhibition of nonureotelic arginase. Beforehawith the assistance of gel-filtration
(Sephadex G-150) and ion-exchange chromatographlyd@lulose) was organized the
separation and partially purification of the 2 mwhs of arginase from the investigated
organs.

It was shown simultaneously, that with differenoperties (K, effect of Mrf",
molecular weight, intracellular localization, horna induction) high-molecular-weight
isoform of liver is ureotelic and other isoform& atonureotelic [1, 5]. Datas show that
brain and kidney arginases are significantly ireithibyN®-hydroxy-L-arginine (tab. 1).

Table 1. Effect of N®-hydroxy-L-arginine on different isoforms of arges in rats
different organs (gel-filtration + ion-exchange @matography, n=7, p<0.05)

Tissues Arginase activity Arginase activitiN®-hydroxyl-L-arginine
I apex (NUA)| Il apex (UA) | | apex (NUA) Inhibition, % | Il apex (UA)| Inhibition, %
Liver 129,2+0,13 360+0,1 51,6+0,17 60 358+0,1p 0
Brain 12+0,17 - 2,640,13 78,3 - —
Kidney 5,28+0,5 5,48+0,18 3,12+0,1 41 2,1+0,56 62

In liver tissue low-molecular-weight isoform is ibkied significantly, but high-
molecular-weight isoform is inhibited only in 9.3%ince high-molecular fraction is not
uniform, we assume that inhibition is related toAbktivity. Therefore was performed
fractionation on high-molecular-weight isoform wi@M-cellulose. Data in tab.1 con-
firm, thatN®-hydroxy-L-arginine inhibits only nonureotelic i of arginase while as
ureotelic isoform do not respond to inhibitor's exff. These results demonstrate that
NOHA influences exactly on the special stereospeci#fgulatory center of the enzyme.
The Lineweaver-Burk's curve is presented only fomureotelic arginase-1 of the liver
(Kn=26,3%x10°M).

To confirm this we study the dependence of isofactivity from the concent-
ration of the substrate (10-300 uM) in the preseam absence oN®-hydroxy-L-argi-
nine (fig. 3). In all Lineweaver-Burk curves formareotelic isoforms with and without
the inhibitor, intersection is in one point of alssa, what speaks about noncompetitive
nature of the inhibition. It has allosteric nature.
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Fig. 3. Lineweaver-Burk substrate-velocity curve for livemureotelicarginase (n=5, p<0.05).
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The influence of NOHA on the activity of 5 enzymafsthe urea cycle in liver,
and ASS, ASL and nonureotelicarginase (NUA) agtiuitbrain and kidney was investi-
gated for the first time.The results show the iseetorrelation relationship between the
activities of NOS and urea cycle enzymes. The tesubted previously indicate the
competitive relationship between NOS and urea cgoleymes not only for L-arginine
but also towards to other important biological rhetdes as are L-citrulline and
L-ornithine. The ASS and ASL activity differentlgspond to the influence of NOHA in
liver hepatocytes and in brain and kidney cellse Phobable reason of the above men-
tioned facts, should be the possible existanceffgrdnt isoenzymes of ASS and ASL in
various organs, which have dissimilar function. Tagt points that NOS compete for
L-arginine only with nonureotelic isoforms of argse and it has allosteric nature.
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