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CREATION OF TRANSGENIC
BRASSICA NAPUS L. PLANTS
EXPRESSING HUMAN ALPHA 2h
INTERFERON GENE

Spring rapeseed transgenic lines expressing human
interferon alpha 2b were created by Agrobacterium-
mediated transformation of aseptic plant leaf explants.
The maximum antiviral activity of the leaf extracts
reached 4500 1U/g fresh weight. It was determined that
the antioxidant activity and the activity of an enzyme
of plant antioxidant system — superoxide dismutase
(SOD) — in the leaf tissues of transgenic plants increa-
sed compared to controls. There were no correlations
between the interferon and antioxidant activities, as
well as between SOD and interferon activities. Using the
obtained transgenic rapeseed plants with high interferon
and antioxidant activities as a feed additive for animals
might have preventive effect on their body, increasing
resistance to infections of various origins.
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Introduction. Over the last decade has inten-
sified research on obtaining plants that synthesize
biological molecules with pharmaceutical orien-
tation — antibodies, cytokines, recombinant enzy-
mes, hormones, vaccines for human and farm
animals [1-3].

Rapeseed has been successfully grown for the
production of animal feed (green mass, silage,
haylage, grass meal) in different crops in pure form
and in mixtures with other cultures [4]. Cattle
have grazed at rapeseed sowing because it has the
ability to intensive regrowth after cattle nibble or
mowing. For biochemical characteristics rapeseed
exceeds most forage crops. In 1 kg of green mass
is usually synthesized up to 30 g protein, easily
digested, a significant amount of ascorbic acid
(505—1070 mg/kg for winter cvs and 515—786 mg/
kg for spring cvs) and carotene (19,4—42,9 mg/kg
for winter and 20,6—37,4 mg/kg for spring) [4, 5].
Along with standard measures, changes in their
diet could help to prevent the animal incidence:
use as feed additives to green mass rapeseed plants
that produce pharmacological proteins and have
increased biochemical properties.

There are many rapeseed and rapeseed bio-
technological studies on fatty acid changes [6—8],
herbicide, pest, disease and abiotic stress resistance
[9—13], pharmaceuticals production [14, 15].

Our experiments aimed to create rapeseed
plants with human interferon alpha 2b gene
and to characterize some of their biochemical
parameters such as antiviral, antioxidant and su-
peroxide dismutase (SOD) activities.

Materials and methods. Plant material. Aseptic
plant leaves (temperature 24 °C, 4000—5000 lux,
16/8 light photoperiod) were used as a raw mate-
rial. There are spring rapeseed cv Magnat (Na-
tional Agrarian University of UAAS selection)
and cv Magnat (Science-practical center of NAS
of Belarus on agriculture selection). Seeds were
kindly provided by M.V. Slisarchuk (department
of linseed and rapeseed selection and seed pro-
duction of National Scientific center «Institute
of UAAS on agriculture») and by A.M. Shishlova
(department of molecular genetics and biotech-
nology of Institute of genetics and cytology of
NAS of Belarus), respectively.

Genetic transformation, bacterium strain and
vectors. Transformation of precultivated leaf ex-
plants from 3—4 week plants were carried out
according to our method proposed earlier [16].
Agrobacterium tumefaciens strain GV3101 was used
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for plant transformation. Escherichia coli strain
XLI1Blue was applied for cloning of binary plasmid
vectors. Plasmid vectors pICH5290 and pICH17311
were generously donated by Icon Genetics GmbH
(Germany). Restriction endonucleases (REs) and
T4 DNA ligase were used with supplied buf-
fers («Fermentas», Lithuania). Bacterial cell trans-
formation, plasmid DNA isolation and electro-
phoretic analysis were carried out as described
in [17]. A short nucleotide sequence containing
BamHI and Xbal recognition sites was added to the
pICH17311 construct digested with Psfl RE. Re-
combinant HulFN-0.2b gene was excised with Ncol
and Xbal REs and ligated into pICH5290 vector
predigested with the same REs. The obtained vector
were designated as pCB125 (Fig. 1, a) [18].

PCR analysis was carried out with primers INT-
FOR 5’-ctcctgcettgaaggacag-3’ and INTREV 5’-g-
gagtcctecttcatcag-3’ amplifying the 264 bp frag-
ment of HulFN-0.2b gene. To detect agrobacterial
contamination, primer pair (VirDI1-1 5’-atgtcg-
caaggcagtaagccca-3’ and VirD1-2 5’-ggagtctttcag-
catggagcaa-3") was used for amplification of 264 bp
fragment of virD1 gene. The reaction mixture con-
tained 1 pg of total plant DNA; 0.25 uM of each
primer; 0.5 u of Tag DNA polymerase and cor-
responding buffer («Helicon», Russia); 0.5 mM of
deoxynucleotide triphosphates (ANTPs) (0.125 mM
each). Amplification was conducted under follow-
ing conditions: 94 °C 5 min — (94 °C 30 sec, 60 °C
30 sec, 72 °C 30 sec) x30 — 72 °C 5 min [19].

The total soluble protein (TSP) content was
measured by the method of Bradford [20].
Extracts from plant leaves were prepared in
double volume of 100 mM Tris/HCI buffer, pH
8.0, containing 5 mM Na,EDTA, 100 mM NaCl,
10 mM B-mercaptoethanol, and 2.5 % PVP.

Antiviral activity of leaf extracts. The interferon
activity was measured by microtitration method
[21] based on the studied extracts ability to protect
established piglet testicular cell culture (from cell
collection of Kavetsky Institute of Experimental
Pathology, Oncology and Radiobiology, NAS
of Ukraine) against cytopathic effect of vesicu-
lar stomatitis virus (Indiana strain, from collec-
tion of Danilo Zabolotny Institute of Microbio-
logy and Virology, NAS of Ukraine).

Antioxidant activity was detected by Semenov et
al. [22] with slight modification. Leaves (300 mg)
were ground with 1.5 ml of 0.25 M phosphate buf-
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fer (pH 7.4). Homogenate were transferred to
Eppendorf tube and centrifuged 10 min at 4000
r/min. Reagent mixtures were consisted of 1.5
ml of 0.25 M phosphate buffer (pH 7.4), 0.5
ml of 0.8 mM 2,6-dichlorphenolindopheno-
lat Na (DCPP Na), 0.5 ml 3.2 mM FeSO, and
0.5 ml supernatant (experiment) or 0.5 ml distil
water (control). They were transferred into cu-
vette (1 cm) and solution optical density (D,
510 nm) was detected each 30 sec during 5 min.
Also solution optical density (D,, 510 nm) was
detected when distil water were used instead of
FeSO,. D, characterised total DCPP Na oxida-
tion. As indexes of plant material antioxidant
activity were considered the means of inhibition
constant (K;) of DCPP Na oxidation. They were
calculated by formula:

K K

control exp
e A

C

K., ..o and K, ~were constant of speed oxida-
tion of DCPP Na in control and experimental
solution, respectively, ml/l min. They were rated
as the slope on the graph of the natural logarithm
AD_(AD= D_—D,) from time. C — plant mate-
rial concentration in cuvette, mg/ml.

Superoxide dismutase (SOD) activity. Pho-
tochemical oxidation of nitro blue tetrazolium
method were used for determination of SOD
activity [23]. Processed liquid nitrogen plant
material (100 mg) in Eppendorf tube (1.5 ml) was
rubbed with 1 ml of Tris-HCI buffer (pH 8.0) and
was centrifuged at 13000 g (4 °C) during 15 min.
Supernatant was used for analyses. Reaction was
held in Eppendorf tube (1.5 ml). One tube for
each probe was retained in the dark. The other
was illuminated by white light lamp (fluorescent
lamp T5/G5, model ELI-230A-T5-8W) during 5
min. in the thermostat at 23 °C. The solution op-
tical density of illuminated probe was measured
at 550 nm («BioPhotomether Eppendorf», Ger-
many) versus optical density of dark probe. Null
probe had in its composition leaf extract. The
calculation was carried out by the formula:

SOD (relative unit/ml suspension) =
= (OD,/ OD,—1) [DF],
OD, — optical density of null probe; OD, — opti-
cal density of experimental probe; DF — dilution
factor = reaction mixture volume, ml/used plant

](i:
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Fig. 1. Scheme of human interferon a2b gene
(vector pCBI125) (a) and PCR analysis of the
transformed rapeseed plants (b): I — transgenic
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Fig. 2. Interferon activity in leaves of primary rapeseed transformants

extract volume, ml; SOD activity was expressed
in relative unit/mg protein.

The statistical design was carried on for the ob-
tained results in way of interferon antiviral activity,
antioxidant and SOD activity measurement. Dif-
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ferences from control values were significant at P <
< 0.05 according to Duncan’s multiple range test.
Results and discussion. The first regenerants we-
re formed in selective condition (phosphinothri-
cin, 5 mg/1) after 5—6 weeks from the beginning
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of experiments. It took 7—14 days for complete
formation of shoots. Root formation took place
without additional induction after regenerant pas-
sage on MS culture medium [24] without hor-
mone during 2—3 weeks.

As a result of experiments 52 phosphinothricin
resistant rapeseed lines were created. There are
18 lines on basis of cv Magnat (National Agrarian
University of UAAS selection) and 32 ones de-
rived from cv Magnat (Science-practical center
of NAS of Belarus on agriculture selection).

Plant lines were propagated in vifro by graft-
age and tested for HuINFo2b gene presence and
Agrobacterium contamination absence. PCR ana-
lyses detected presence of target DNA in ob-
tained plants (Fig.1, b). Bacterial contamination
was absent.

Aseptic leaves of transformed plants were used
for protein extraction to test the activity of human
interferon o2b. It was determined difference
of interferon activity between transgenic line
extracts (Fig. 2).

Interferon activity in rapeseed primary trans-
formants growing under in vitro conditions va-
ried from complete absence (line Bn9/125/23)
to 4500 1U/g fresh weight. The maximum pro-
tein activity for this group of plants was recor-
ded for the two lines — Bn9/125/20 and
Bn9/125/10. In seven rapeseed lines interferon
activity was lower than 500 IU/g fresh weight.
In most lines (14) it varied from 900 up
2250 1U/g fresh weight.

Rapeseed lines with high interferon activity
were planted into soil under greenhouse con-
ditions. They are easily adapted, and blossoms
without anomalies formed viable seeds.

Four weeks after planting the parts of second
from apex leaf were extracted for interferon activity
evaluation. It was found that in the lines Bn9/125/20
and Bn9/125/10 interferon activity remained at the
same level as under aseptic culture.

To study the changes in the adaptation ability
of obtained rapeseed plants biochemical parameters
such as leaf tissue antioxidant activity and the
activity of one of the enzymes of plant antioxidant
system — superoxide dismutase — were investigated.
It was shown that some transgenic rapeseed lines
had increased antioxidant activity (Fig. 3).

Antioxidants protect cell structures from da-
mage by free radicals [25]. The main natural
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Fig. 3. Leaf tissue antioxidant activity in control (Bn9,
cv Magnat) and carrying HulNFo2b gene biotechno-
logical rapeseed lines
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Fig. 4. SOD activity in leaf tissue of aseptic rapeseed
plants

antioxidants are vitamins E and C, fatty acids,
polyphenols. Increased antioxidant activity in
plant tissues positively affects their ability to resist
stress factors of various origins [26, 27].

Rapeseed leaves were shown to have antioxidant
activity, which exceeds that in many traditionally
cultivated plants [28]. In recalculation on ascorbic
acid it was 710 ug/g raw weight. This index was lower
for the letter lettuce and spinach (446 and 434 pg/g
raw weight, respectively), in red cabbage leaves was
almost twice higher (1217 pg/g raw weight).

Using the obtained rapeseed plants with high
antioxidant activity as a feed additive for ani-
mals should have preventive effect, increasing re-
sistance to infections of various origins.

Comparison of a2b interferon and antioxidant
activity in leaf tissues of plants grown under

15



[ | L.O. Sakhno, O.Y. Kvasko, Z.M. Olevinska et al. [ |

Antioxidant and interferon activities in leaf tissue
of biotech rapeseed lines with HuINFo.2b gene

Antioxidant Interferon
Lines activity x107°, activity, IU/g
ml/mg min fresh weight
Bn9, control 12,67 £ 0,27 0
Bn9/125/10 14,13 £ 1,76 4500
Bn9/125/29 18,50 £ 0,82 2250
Bn9/125/1 15,77 + 3,11 1050
Bn9/125/24 17,17 £ 1,55 900
Bn9/125/9 21,73 £ 2,23 900

aseptic conditions showed that there was no
correlation between these two indicators (Table).

Formasan (violet color substance) formation
occured as a result of photochemical oxidative
reaction of nitro blue tetrazolium. In the null
probe oxidation was complete and plant extracts
could inhibit formasan formation due to SOD
activity. SOD activity calculations showed that it
increased in the analyzed biotech rapeseed lines
compared with the control one (Fig. 4).

In transformed rapeseed plants, which exp-
ressed the wheat mitochondrial Mn SOD (Mn
SOD3.1 gene), an increased ability to resist
stress of various origin was observed [29]. They
germinated in laboratory and field conditions
faster than control plants and were kept drought,
the influence of high and low temperatures.
Sensitivity to stress of our obtained transgenic
rapeseed plants needs further investigation.

It should be noted that both SOD activity
and antioxidant activity in leaf tissues of
Bn9/125/9 line was higher than in controls.
Increased antioxidant activity was not observed
for Bn9/125/10 line, although SOD activity in
its tissues was raised (Fig. 2 and 4). Perhaps the
increased SOD activity in this case was leveled
by a decrease of some other component of the
antioxidant system (e.g. changing the content
of ascorbic acid or tocopherol, the activity of
enzymes catalase or peroxidase, etc.).

Conclusions. We obtained transgenic rapeseed
plants, which are characterized by the presence
in their nuclear genome of human interferon
a2b gene. We showed that biotechnological lines
had different activity of introduced gene, the
maximum value reached 4,500 IU/g fresh weight.
Using the obtained plants with high antioxidant
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activity as a feed additive for animals might
have preventive effect, increasing resistance to
infections of various origins.

Created rapeseed lines possessed also such
biochemical characteristics as high antioxidant
activity of leaf tissue under in vitro cultivation and
increased activity of antioxidant system enzyme —
superoxide dismutase. This gives reason to hope
for increased resistance of transgenic lines to
biotic and abiotic stresses.

Supported by grant of GASIIU, Ne UkrISTEI
01110007598 and NASU grant, Ne UkrISTEI
0110U006061.
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CO3JAHUE TPAHCO®OPMHWPOBAHHDBIX
PACTEHUM BRASSICA NAPUS L.,
EKCITPECCUPYIOIIINX PEKOMBUHAHTHBIN
AJIb®A 2b MHTEP®EPOH YEJIOBEKA

Metonom arpoGakTepuaibHON TpaHchopMaluu Ju-
CTOBBIX IKCIJIAHTOB aCENTUUYECKUX PACTEHMil SIpPOBOTO
parca TMoJiydeHbl JIMHUM, 3KCIpeccupylouime aibha
2b uHTepdepoH uenoBeka. MakcumasibHasi TPOTUBO-
BUPYCHasl aKTUBHOCTb 9KCTPAKTOB JIMCTHEB JOCTUTraIa
4500 ME/cbiporo Beca. YCTaHOBJICHO, YTO aHTUOKCH-
JTAHTHAs1 aKTUBHOCTb M aKTMBHOCTb OHOTO U3 (hepMeH-
TOB aHTUMOKCUIAHTHOIN CHUCTeMbl pacTeHUl — cyrep-
okcunaucmytasbl (COJIl) — B TKaHSIX JINCThEB TPAaHC-
TeHHBIX PACTEHUI MOBBIIIEHA MO CPAaBHEHUIO C KOH-
TpoJbHbIMU. He BbISIBIEHO KOppeNsMU KakK MEXIy
AKTHBHOCTbIO MHTepdEepOoHa M aHTUOKCUAAHTHON aK-
TUBHOCTbBIO, TaK MU MEXITY aKTUBHOCTbIO MHTepdhepoHa
un aktuBHocThlo COJI. Mcrnonb3oBaHue TMOYYEHHbBIX
TPAHCTEHHBIX PACTEHWI parca C BBICOKON aKTUBHOC-
TbIO WHTep(hEepOoHa U TMOBBIIIEHHOW AaHTUOKCUIAHT-
HOI aKTMBHOCTBIO KaK J00aBKM K KOPMaM >KMBOTHbBIX
MOTJIO Obl OKa3bIBaTh MPOdUIAKTUUECKOE BIMSHUE Ha
MX OpPraHM3M, TMOBbBIIIAS YCTOMYMBOCTh K Pa3IMYHbIM
MHGEKIIMSIM.

JI.O. Caxno, O.10. Keacko,
3.M. Onesincoka, M.A. Cnueax, M.B. Kyuyk

CTBOPEHHA TPAHC®OPMOBAHHMX POCIIMH
BRASSICA NAPUS L., AKI EKCITPECYIOTb
PEKOMBIHAHTHUI AJIb®A 2b IHTEP®EPOH
JIIOANHN

MeTtomom arpodaxkrepiasibHOI TpaHchOpMalIii JTrc-
TOBUX €KCIUIAHTIB aCeNTUYHUX POCIMH SIPOro pi-
naka OTpPUMaHO JIiHii, 10 eKCIpecyloTh aiabda 2b
iHtepdepoH moauHu. MakcumaibHa MPOTUBIpyCHA
aKTUBHICTb EKCTPaKTiB JIMCTKIB csarana 4500 MO/cupoi
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Baru. BcraHoB/IeHO, 1110 aHTUOKCUIAHTHA aKTUBHICTD
i aKTMBHICTh OOHOTO 3 (DEPMEHTIB aHTUOKCUIAHTHOL
cucrteMu pocauH — cynepokcunaucmyrasu (COJd) —
B TKaHMHAX JIMCTKIiB TPAHCT€HHUX POCIWH IIiIBUILIEHA
B IIOPIiBHSHHI 3 KOHTpOJIbHUMH. He BHSBIEHO KO-
pelsiii Hi MiX aKTHUBHICTIO iHTepdepoHa i aHTH-
OKCHIAHTHOIO AKTWBHICTIO, Hi MiX aKTHUBHICTIO iHTEp-
¢epona i aktuBHicTio COJl. BukopucranHs orpu-
MaHUX TPAHCTEHHMX DPOCJIMH pinaka 3 BHCOKOIO aK-
TUBHICTIO iHTepdepoHa Ta IMiIBUILEHOI aHTUOKCH-
MIAHTHOIO aKTUBHICTIO K JO0aBKU IO KOPMiB TBapuH
Mayio 6 mpodiTaKTUYHO BIUIMBATU Ha iXHIill OpraHisM,
MMIBUINYIOUM CTiMKICTh MO iH(QEKIilA pi3HOTO II0-
XOJIKEHHS.
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