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From Armenian plant food — tomato (Solanum lycopersicum esculentum), carrot (Daucus
carota subsp. sativus), green bean (Phaseolus vulgaris) and potato (Solanum tuberosum), the
isoforms of superoxide (O,) producing complexes between NADPH containing protein
component (NPC) and Fe(I11) — NPC-Fe(ll), were isolated and purified for the first time. At the
same time, the fractionation of these complexes at pH 9,5 and 4,8 were carried out [1]. The isoforms
of NPC-Nox are high thermostable biosystems (up to 100°C). The immediately mechanism of the
production of O, by these complexes, due to the transfer of the electron from NPC to the Fe(lll),
then to O, for its reduction up to O, was conditioned. As a substrate for NPC-Fe(lll) is not free
NADPH, but NADPH is connected with the protein component (PC). The forms of optical absorption
spectra of these complexes in visible region essentially were differed, although, in UV region the
characteristic for the proteins maximal optical absorption at 260-280 nm were observed. The higher
specific content (mg/g) for complexes from tomato, than from carrot, green bean and potato were
observed. The direct proportional dependence between the content of the NADPH in the
composition of NPC and stationary concentration of produced O, in homogenous phase (in
solution) and gas phase were presented. The isolated NPC from indicated above complexes, at the
expense of NADPH, only the reductive (antioxidant) effect was indicated and was activated the
NADPH oxidase (Nox) in vitro, in particular from erythrocytes membranes (EM) and leukocytes
membranes (LM). By the blowing of the slightly opalescent aqueous solutions of these complexes
with oxygen the gas phase O, were produced, which were transferred oxygen through the silicone or
glass tubes.

Thus, from tomato, carrot, green bean and potato the new prooxidant systems — the
isoforms of thermostable O, -producing complex NPC-Fe(l1l), were isolated and purified for the
first time. These complexes were produced O, in solution and gas phase after blowing with oxygen.
The stimulating effect of NPC on the Nox of immune cells (erythrocytes and leukocytes) by the
forming of hybrid associates with these Nox (nNCP-Nox) were determined in vitro.

Superoxide radical — complex — plant food

UnwehU wuqwu pniuwywl swadwl Urbnpeutphg (inthy, qwquwn, Ywlws (nph W Yupunndhy)
wlpwwnytp W Jwepdbl BU  uniwbpopuhn  (0y)-gnjuglnn  Yndwteuubnh hgnalbn®  NADPH,
wwpntbwynn uyhwnwynigwiht pwnwnpwdwuh (VUR) W Fe(lll)-h Jhpl® LUR-Fe(lll): CUn npnud
hpwywuwgyby £t wn Yndwbeuubph $pwyghnuwgnd pH 9,5-ntd W pH 4,8-nd [1]. LUR-Fe(lll)-h
hgnéltpp  hwdwnpynud BU- epdwywniu (Uhtgle  100°C)  YELuwhwdwywpagbp: Npmpywé £ wn
yUndwGeuttpny Oy gnjugdwl wudhgwywl JGhuwUhaqd, husp wwdwuwynpqwé E EGYnpnup
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thnfuwugdwdp LUR-hg Fe(lll)-hU, www Ox-hl, UGpwywlqubind wju Jhgle O, Npwtu LUR-Fe(lll)-h
uncpuinpunn hwdwnynd £ ng eE wqwn, wyp uyhnwynigwiht punwnpwdwuh (UR)  hGwn Juwdwéd
NADPH-p: Wu  Yndwteuubph owwhlywywu Yuwudwu uwblywnpubph ébpp wbuwlbih  Jwpgnud
FwywunpGU wwpptndnud B, sbwjwé NLU dwpgnd wnw BU uwyhunwynigubphu punpn Jweuhdw
owwnhywywlu Ywunwdubp 260-280 Ud-nid: Wn YndwGeulbnh inGuwywpwp wwpniwynieniup (Ug/q)
pwnén E nthyh, wwyw ququph, Ywuws npne L Yupunndhih dbe: Hhungned £ ninhn hwdbdwnwywu
Juwhuijwénipinit LUR-h Yugunud guniynn NADPH-h L gnjuugnn Oy™-h utnwghnlwp Ynugbuinpwghwih
dhgle, htnniy ((nuonyened) dwgnd W quig dwand: Ybpnhhjw Yndwybeulbphg  wnwudUwgywé
lGynghnbnh VUR-U, unphhy NADPH-h, gnigwpbpnud £ JGpwywuguhs  (hwywopuhnwlwnwihl)
wanbgnientt W wynhdwgund  NADPH-opupnwign (Nox),  Jwubwynpwwbu — wlgwindwé
Ephepnghnlbph pwnwurUGphg (E6 W L) in vitro: Un YndwyGerultbph ey owwiGugtugynn epwjhu
inLényeh Ute prywshu thshihu  gnuund BU quqg wquihu Oy,-Ubp, npnue UniEynLwihu prywsUh
hGwn nGnwthnpudnid BU uhthynbwiht yud wwywyjw funnnwyny:

Wuwhuny, wnwghl wlqwd |njhyhg, quqwphg, Ywuwg npnig b upunindhihg wigwunyt W
dwpenybl Bu Unp wpnopuhnwuwnwihu hwdwywngbn® LUR-Fe(lll) stpdwyuyniu YndwGeuh hgnalbn: Wn
yUndwGeulbpp gnuguntd BU Oy husgwbu henny $Swagnud, wjuwbu £ quq $waned: NpnpJwé E
huntbwjhu ~ pehgutiph  (Enhepnghinlph - L |Gunghwnlph) - Nox-Giph uinhdnijwghwih - EpGLwnp
wnwuduwgywsé LUR-nY in vitro” hhpphnwjhu wunghwwnh (hNCP-Nox) YwqUwynpdwl dwlwwwphny:

UnLwbnopupn nwnhlwy — Yndwybeu— pniuwluwl ultnwdetne

BrepBsle U3 MUIIEBBIX IPOJYKTOB PACTHTEIBHOTO MIPOUCXOKICHHS (IOMUIOPBI, MOPKOBb,
3eseHast acosib U KapTo(esb) BhIIEIEHBl U ouHIieHbl n3odopmel cyrepokcun (O, )-mpomyrm-
pyrotero kommekca mexxy NADPH conepskammm 6enkobiM kommonentoM (HBK) u Fe(I11) —
HBK-Fe(111). TIpx 3T0M ObLIO OCYIIECTBICHO (HPAKIIMOHUPOBAHUE ATUX KOMILIEKCOB ripu pH 9,5 1
pH 4,8 [1]. Mzodopmsr HBK-Fe(l11) sBistiotest TepmocTabmmsabmMu (10 100°C) GrocrcTeMami.
OrmpeniesieH HEMOCPEACTBEHHBIN MeXaHW3M IpoaylupoBanus O, 3THMH KOMIUIEKCAMHU, KOTOPBIH
oGycnosen nepenadeii snexkrpona ot HBK x Fe(lll), nanee k O,, Boccranasmsast ero g0 O, . Kax
cyocrpar ¢epmenta HBK-Fe(Ill) sBnsercs He cBoOOaHAs, a CBA3aHHAS C OCIKOBBIM KOMIIOHEHTOM
(BK) NADPH. ®opMbl ONTHYECKHX CMIEKTPOB MOIIOMICHHS 3THX KOMILICKCOB B BHANMOI 001acTH
CYILIECTBEHHO OTJINYAIOTCS, XOTs B Y® 001aCTH UMEIOTCSI XapaKTepHBbIe I OEIKOB MaKCHMaJIbHbIE
ontrueckue norsiouieHns npu 260-280 um. Y aensHoe comepkanue (Mr/T) STHX KOMIUIEKCOB BBIIIE B
NMoMUIOpax, Jajee B  MODKOBHM, 3eleHoi  ¢dacomm u  kaprodene.  Habmopmaercs
MPSIMOTIPOTIOPITOHATbHAS  3aBUCUMOCTh Mexnay coxepxkannem NADPH B cocraBe HBK u
CTallMOHapHOW KOHIeHTpanuel npoxyuupyembix O, B xuuakoil ¢dase (B pactBope) u ra3 dase.
OtnenenHblii or mpuBeneHHBIX KommuiekcoB HBK, 3a cuer NADPH, oxaspBaeT TOJBKO
BOCCTaHOBHUTENBHbIN (aHTHOKCHAAHTHBIH) a3 dext u aktuBupyer NADPH okcumasy (Nox) in vitro, B
YaCTHOCTH, BbIIENeHHbIe U3 MeMOpan sputpormToB (EM) u neiikormro (JIM). Tlpu npomyBanun
c1abooMaNeCIMPYOIIEro BOJHOTO PAcTBOpPa STHX KOMIUICKCOB KHCIOPOJIOM MPOAYLMPYIOTCS ra3
¢bazupie O, , KOTOpBIE TPAHCIOPTHPYIOTCS C MOJCKYISAPHBIM KHCJIOPOJOM  IOCPEICTBOM
CHJIMIKOHOBOM MJIH CTEKJITHHOU TPyOOK.

Takum oOpa3oM, BIepBbIe U3 TOMHUJIOPOB, MOPKOBH, 3elIeHOH (aconu U KapToders Bblae-
JICHBI ¥ OYMIIEHBI HOBBIE MPOOKCHIAHTHBIE CUCTEMBI — H30()OPMBI KOMIUIEKCa TEPMOCTaOHIEHOTO
HBK-Fe(ll). 31u kommekcsr mpomympyiotr O, Kak B xuakoi (ase, Tak u B ra3 paze. OnpenencH
addexr crumymsiuun u30dopM NOX MMMYHHBIX KJIETOK (3PUTPOLUTOB U JICHKOLMTOB) H30JIHPO-
BauHsiM HBK, myrem ¢opmuposanus rudpuasoro accourara (WNCP-Nox) in vitro.

CynepokcuoHnblil paoukan — KOMIIEKC — NUWesol NPOOyKm

In tomato, carrot, green bean and potato the corresponding antioxidative status
were presented, which are due to presence of lycopene, ascorbic acid, phenolics,
flavonoids, vitamin E, beta-carotene, linoleic acid, carotenoids. However, in the plant food
the physiological balance between anti- and prooxidative systems must by observed. On
the other hand, the isoforms of superoxide producing complex were isolated and purified
from various fruits [2-5].

The aim of this work is to isolate, purify and investigate the new prooxidative
system (the superoxide-producing complex) from tomato, carrot, green bean and potato.
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Materials and methods. Isolation and purification of NPC-Fe(I1l) complex from plant
food (tomato, carrot, green bean and potato).

Using the universal method [1], the isoforms of NPC-Fe(lll) from Armenian plant food
were isolated and purified. In particular, after homogenization of plant food (50g) in water
(200ml), the latter were incubated at pH 9,5 in 37°C for 1,5 hours. After its centrifugation at
5800xg for 10 min, 0,1 M HCI up to pH 4,8 was added to the supernatants. After centrifugation
the obtained precipitates were homogenized in water (1:100 v/v) at pH 9,5 and after centrifugation,
the supernatants underwent ion exchange chromatography in separate column of cellulose DE-52,
also at pH 9,5. The eluates (complexes) undergo thermotreatment in boiling water during 10-12
min. After its centrifugation the supernatants (complexes) were concentrated and underwent gel-
filtration on separate columns with Sephadex G-100 at pH 9.5. Primary fractions eluted with
symmetric elution chart were collected.

Isolation of NPC from NPC-Fe(l11) complex

After incubation of 5mg/ml NPC-Fe(lI1) complex with EDTA (0,005 M) at 37° C for 25-
30 minutes, the hatching mixture undergo ion-exchange chromatography on DE-52 cellulose,
equilibrated with water at pH 9,5. Under these conditions EDTA joins to Fe(l11) and remains in the
column, whereas NPC is eluted without delay.

Determination of the Fe(l11) in the NPC-Nox.

Using the orthophenantroline optical spectral method [6], the content of Fe(lll) in these
complexes was determined only after separation of the Fe(ll11) by EDTA and its reduction by sodium
dithionite.

NPC-Fe(lIl) and NPC contents were determined by weighing after their desalting and
vacuum lyophilization.

The formation of hybrid associate between NCP from NCP-Fe(111) complex and isoform
of Nox (hNCP-Nox).

To the water solution of total fraction of the Nox1+Nox2 (2,5 mg/ml) from donor blood
erythrocytes membranes (EM) and leukocytes membranes (LM) [7] was added NPC (10 mg/ml)
and incubated at 37°C, at pH 9,5 during 15-20 min. Then, after delution of this solution with
water (up to 5 times), its ion-exchanging chromatography on the cellulose DE-52, again at pH 9,5
was carried out. The formed hNPC-Nox associate free eluted from this DE-52 column, and the
excessive Nox remained on the column and eluted by 0,2 M potassium phosphate buffer, pH 7,4
(PPB).

Determination of the stationary concentration of 0,~, produced by isoforms of NPC-
Fe(111) complexes and hybrid associate hNPC-Nox .

The stationary concentration of O,, produced by the isoforms of complex NPC-Fe(lll) and
hybrid associate hNPC-Nox, was determined by adrenaline method, by measuring of the maximal
optical absorbance of adrenochrome (at 500 nm), which is formed during oxidation of adrenaline by
produced O, [8]. The stationary concentration (M) of produced O,  is equivalent to the
concentration of formed adrenochrome, with the molar extinction (E) up to 750 M™cm™. By the
determine of the value of Agq/E, the stationary concentration (M) of O,7, produced by the isoforms
of NPC-Fe(lll) complex and associate hNPC-Nox, was determined in homogeneous phase (in
solution) and in gas phase (during blowing by 0,1 atm oxygen at 10 min, at room temperature). As
a control, the optical absorbance of adrenochrome, which is forming during oxidation of the solution
of adrenaline only by the oxygen in similar conditions, was used.

The specific content of NPC-Fe(l11) and hNPC-Nox was determined by its weighting, after
deionization and vacuum lyophilization of its solutions and conveyed by mg in 1g food (mg/g).

Determination of NADPH in NPC-Fe(l11) complex or in NPC.

The spectrofluorimetric intensity “F” in relative units of the NADPH group in the NPC-
Fe(111) complex or NPC was determined by spectrofluorimetric method [9]. The emission peak of
NADPH group as part of NPC was recorded at 430 nm with 370 nm excitation length [9].

Electrophoresis of the obtained NPC was realized in 10% polyacrylamide gel (PAAG) for
acidic and basic character proteins.

During the invwstigation the spectrophotometer “Cary 60 UV/VIS” (USA),
spectrofluorimeter “Perkin Elmer” (USA), centrifuges K-24 and K-70 (“Janetzki”, Germany), as
well as the cellulose DE-52 (“Whatman” England) and Sephadex G-100 (“Pharmacia” Sweeden),
adrenaline (“Sigma”) were used.
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Results and Discussion. During ion exchange chromatography of fractions of
the isoforms of NPC-Fe(lll) from tomato, carrot, green bean and potato on the column
of cellulose DE-52 at pH 9,5, the isoforms of NPC-Fe(IIl) doesn’t linger in the column
and easily eluted. After thermal treatment, concentration and gel-filtration of these
complexes of NPC-Fe(lll) in the column of Sephadex G-100 at pH 9,5, the primary
fractions of NPC-Fe(l1l) was collected with symmetrical elution chart. After joining of
these fractions together, desalting and vacuum lyophilization its weight was determined.
As a result of the thermal treatment, the possible traces of proteins (antioxidant proteins)
were removed by centrifugation.

During electrophoresis the above mentioned complexes NPC-Fe(III) didn’t pass
through the tube with PAAG, they were aggregated at the entrance of this gel. However,
after staining PAAG for water soluble acidic and basic proteins traces, accompanying to
NPC-Fe(l11), were not detected. Thus, on the base of symmetrical elution chart of NPC-
Fe(ll) through G-100, absence of coloring bands for acidic and basic water-soluble
proteins on PAAG were not changed of the optical spectral purity value (Agge/Asag), We
can indirectly speak about the purify of these complexes.

After purification by the above mentioned method, the forms of optical
absorption spectra of the weak opalescence aqueous solutions at pH 9,5 of the isoforms
of NPC-Fe(lll) complex from tomato, carrot, green bean and potato in visible region
were distinguished significantly (fig. 1).

1 ! 1
400 500 600 nm

1 | L

Fig. 1. Optical absorption spectra of the weakly opalescent aqueous solutions of the isoforms NPC-Fe(l11)
complex from carrot (1) tomato (2), green bean (3) and potato (4) at pH 9,5. In the UV region there are the
optical absorbance maximumes, which are characteristic for proteins at 260-280 nm.

Some quantitative characteristics of indicated above O, -producing complexes
from tomato, carrot, green bean and potato were determined (tab. 1).

As presented in tab. 1, the correlation between specific contents of indicated
complexes, Fe(l1l) and fluorescence intensity (“F”), stationary concentration of produced
O, in homogeneous phase (in solution) and in gas phase were observed.
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Electrophoretically homogenous total fraction of the isoforms of Nox1+Nox2
from EM and LM were isolated and purified in our laboratory by licensed method, using
the recently discovered phenomenon of unstable complex formation of ferrihemoglobin
with isoforms of Nox and their release from biomembranes into a soluble phase [7].

Table 1. The arithmetic means of the specific amount of O, -producing complexes from Armenian
plant food and Fe(l11), fluorescence intensity in relative units (F) of these complexes and stationary
concentration of produced O, by these complexes in solution and gas phase (n=6)

Sources Specific Fe(ll1) “p mkM Oy in mkM O, in
amount mkg/mg relative solution gas phase
(mg/g) units

Tomato 155 2,1 34,3 3,2 2,8

Carrot 11,2 1,7 28,1 2,1 1,7

Green bean 44 15 23,7 1,6 1,3

Potato 2,7 1,1 10,1 1,1 11

Optical absorption spectra of total fraction of Nox1+Nox2 isoforms from EM in
oxidized and reduced states with absorption typical for Nox at 558 are shown in fig.2.

Al

I |

0.8

Fig. 2. Optical absorption spectra of total fraction of Nox1+Nox2 from EM (___) of donor blood
at pH 7,4. After reduction of Nox with sodium dithionite, the acute absorption, typical for Nox at
558nm (- - -) is observed.

TAfter separation of Fe(lll) from NPC-Fe(l1l) complexes, the obtained isoforms
of NPC were formed the hybrid associate, in particular, with the Nox from EM (hNCP-
Nox). Using the Fe(lll) of hem group of the isoforms of Nox, (as an electronic bridge)
the hNCP-Nox transfer the electron from NADPH to O, reducing it up to Oy in
solution and gas phase, after blowing of the solution with oxygen. In fact, the isoforms
of these complex NPC-Fe(lll) from plant food and hNCP-Nox were «electronic
automatons», which continuously were fired electrons only to oxygen target, reducing
itsup to O, ™.
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However, the stationary concentration of produced O, by the isoforms of hNPC-
Nox in solution and in gas phase were similar to the analogical indicies of the isoforms of
NPC-Fe(l11).

These isoforms of NPC-Fe(l11) complexes and of hNPC-Nox associate were high
thermostabile biosystems (after heating in boiling water during 10-12 min, the decrease
of the stationary concentration of produced O,  and the losing of its nativity practically
doesn’t observed (up to 5-6%)).

Thus, there are some perspectives for using NPC-Fe(l1l) complex from plant food
(tomato, carrot, green bean and potato) and hNPC-Nox as energetic, natural and relatively
stable and new biosystems for production of O,, as natural bactericidal and antiviral
agents [10]. On the other hand, NPC from the mentioned sources can be used as natural
agents for stimulation of the decreased O, producing activity of Nox isoforms from EM
and LM at decreased immune activity (immune-deficiency) of mammals [11] in
experiment and, in perspective, in clinics. Additionally, these NPC reduce KMnO, and
suppress the oxidation of adrenaline up to adrenochrom. Thus, these NPC are possessed
antioxidative activity.

As we have already mentioned above, these NPC-Fe(l11) complexes in lyophilized
state, especially in the nitrogen atmosphere, practically don’t lose O, -producing activity
when kept at -10-12°C throughout the year. It serves as an opportunity to introduce NPC
into animal’s blood. We should remember that an analogous agent (suprol) from serum of
the placental blood didn’t cause any adverse unfavorable effects after injection of suprol
into white rats in much more amount than in norm, moreover, the introduced suprol has an
antitumor effect [12,13].

The high thermostability of the isoforms of NPC-Fe(lll) complex can be
conditioned with nanosecond high pulsative temperature (280°C) metabolic processes
[14]. The stabilizing effect of molecular oxygen on the gas phase O, was observed, also.
In perspective the produced gas phase monocomponent O, by the oxygen mask can by
used at lung inflammation diseases as a antibacterial and antiviral agent in experiment
and in perspective in clinics, also.

It is concluded, that the isoforms of O, producing complexes NPC-Fe(lll),
isolated from Armenian plant food (tomato, carrot, green bean and potato) for the first
time, are a new natural, continuously O, producing (prooxidant) agents in solution and
gas phases, and NPC can be as stimulating for the Nox immune cells in vitro.
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