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Agrobacterium-mediated transformation of Cichorium
intybus L. with interferon-o2b gene
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An efficient method for the plant regeneration and Agrobacterium-mediated transformation with
interferon-a.2b gene has been developed for chicory C. intybus L. cv. Pala rossa. The regeneration with
efficiency about 100% was induced on the MS medium supplemented with 0.5-2.5 mg/l kinetin and 0.5 mg/I
NAA. The transformed plantlets were recovered with 26.9% regeneration frequency on basal medium with
25 mg/l kanamycin. According to PCR-analysis the npt Il and ifn-a.2b genes were integrated into the

genome of the transformed plants.

Keywords: transformation, Agrobacterium, Cichorium intybus, interferon

Introduction. C. intybus L is a biennial representative
of Asteraceae family. Chicory is grown in many geo-
graphic regions — Europe (Belgium, Germany, France),
the USA, South America, and India. The attention to
this plant is explained by the fact that it is used in both
cooking (salad sorts, in particular) and production of
coffee substitute. Its medicinal features are attributed to
the presence of inulin, coumarins, flavonoids, and vita-
mins [1]. Chicory is anti-hepatotoxic, anti-ulcer,
anti-inflammatory, cardiotonic, and diuretic means,
used for treatment of diabetes, AIDS, tumours, tachy-
cardia, etc. [2-4]. Chicory is also used in production of
a series of medical preparations, such as LIV52. Thus,
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it is an interesting object of cell engineering which may
be used for creating plants with immunomodulating
features.

One of the conditions of efficient transformation of
plants is the availability of regeneration methods. This
allows obtaining maximal number of shoots from such
plant explants as roots, leaves, and stalk buds [1, 5, 6]
with almost 100% regeneration frequency [7].

The quantity of investigations in genetic transfor-
mation of chicory is rather limited. The main goal of
experiments was to develop plants with changed phe-
notype, with induction of flowering [8], resistance to
herbicides [9], synthesis of fructan [10], in particular.
Since chicory is used in cooking without any prelimi-



AGROBACTERIUM-MEDIATED TRANSFORMATION OF CICHORIUM INTYBUS L. WITH INTERFERON-02b GENE

+ NOSTer

OCSter

s |-

< nptll |<NOSpro ]—‘ 35Spro > Cal

_[ ifn-alb >

Fig.1 Scheme of T-DNA vector pCB124 for Agrobacterium-mediated transformation of Cichorium intybus: LB and RB - left and right
boundaries of T-DNA; nptll - gene of neomycin phosphortransferase II; ifn-0.2b - gene of interferon-a2b; NOSpro and NOSter - promotor
and terminator of nopalinsynthase gene, respectively; 35Spro - promotor of 35S-protein gene from the genome of cauliflower mosaic virus;

OCSter - terminator of octopinsynthase gene; cal - calreticulin

nary thermal treatment, this plant may serve as an ob-
ject of genetic transformation, e.g. in creating plants
with immunomodulating features. There are current
methods, allowing initiation of synthesis of biologi-
cally active substances in plants [ 11]. The pharmaceuti-
cal recombinant biologically active proteins of plant
origin have a series of advantages compared to the
preparations of microbial origin. The former are not
cost-consuming in production and storage, they are
also applicable for mass production [12].

o-interferon is a regulator of the mammalian im-
mune system. It enhances the function of cytotoxic
T-lymphocytes and  phagocytic  activity  of
macrophages, promotes lysis of infected cells, and
slows down the development of viral infections. There-
fore, the development of new methods of obtaining
clean interferon preparation is an urgent and promising
task of biotechnologies. There are some pharmaceuti-
cal preparations of recombinant interferon, developed
on the basis of bacteria using the methods of genetic
engineering.

Genetically modified plants with interferon gene
were obtained over 20 years ago [13]. Those works
were aimed at using anti-viral activity of interferon in
order to protect plants from diseases [14, 15]. The cre-
ation of transgenic plants with interferon gene is a new
and actively developing direction of current investiga-
tions. Though currently modified plants have not found
their practical application yet, the possibility of expres-
sion of interferon gene in the plants of potato [16], rice
[17], and salad [18] was vividly demonstrated. The re-
combinant interferon was shown to have immunogenic
activity [19], thus, it may be used with therapeutic
purposes.

Materials and Methods. The seeds of chicory C.
intybus L. cv Pala rossa were used as primary material.
The seeds were sterilized in 70% ethanol (1 min), 25%
solution of commercial preparation Belizna (10 min),
then washed in distilled water (60 min). Later the seeds

were grown in agarose medium MS [20] at 16-hour
light photoperiod, 24°C.

Cotyledonous and leaves of 10-12-day-old seed-
lings were used for regeneration of shoots and transfor-
mation. They were transected and cultivated at 16-hour
light photoperiod, 24°C.

The frequency of plant regeneration from
cotyledonous and leaf explants was defined using culti-
vation on media, different in the content of salts and
phytohormones (Table 1).

The transformation was performed using
Agrobacterium tumefaciens (strain GV3101) with vec-
tor construction pCB124 (Fig. 1). T-DNA of pCB124
vector contained a selective gene nptll, target gene
ifn-a.2b, and calreticulin — a leader sequence, allowing
accumulation of a target protein in endoplasmic
reticulum.

Bacteria were grown at LB medium [23] with anti-
biotics (100 mg/1 carbenicillin, 50 mg/1 rifampicin, 25
mg/l gentamicin) for 48 hours at 27°C. Bacterial cells
were precipitated by centrifugation (300 g, 10 min); the
precipitate was pre-suspended in the solution of 10 mM
MgSO,. Transected leaves were incubated in bacterial
suspension for 30 min, dried with filtration paper, and
cultivated on agarose MS medium for two days. Later
the explants were sequentially applied on medium No.1
(for one week) and No.2 (Table 1) with the addition of
antibiotics — kanamycin (25 mg/1) and cefotaxime (600
mg/1). The shoots were rooted on the MS medium with-
out hormones, but with antibiotics in the same
concentrations.

Genome DNA was extracted from green leaves of
sterile plants according to [23]. PCR of genome DNA
was performed on Mastercycler personal 5332 ampli-
fier (Eppendorf) with thermostatic lid in vials with ul-
tra-thin walls. The reaction mixture contained sin-
gle-mission PCR-buffer, containing ammonium sul-
phate, 0.2 pmol of corresponding primers (Table 2),
200 umol of each desoxinucleotidetriphosphate, 0.5
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Table 1

Content of nutrient media for investigation on plant regeneration from cotyledonous and leaf explants of chicory

Medium constituents

Content in the medium, mg/l

Ne 1 Ne 2 Ne 3 Ne 4 Nes Ne 6 Ne 7 Ne 8
Macroelements MS* MS MS MS B** B, B; B,
Microelements MS MS MS MS MS MS MS MS

Thiamine 1 1 1 1 1 1 1 1
Pyridoxine 1 1 1 1 1 1 1 1
Nicotinic acid 1 1 1 1 1 1 1 1
Biotin 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01
Ca-pantothenate 1 1 1 1 1 1 1 1
Inositol 100 100 100 100 100 100 100 100
Kinetin 2,5 0,5 - - 2.5 0,5 - -
Benzylaminopurine - - 2,5 0,5 - - 2,5 0,5
a-NAA 0,5 0,05 0,5 0,05 0,5 0,05 0,5 0,05
Morpholinocthansulpho 1000 1000 1000 1000 1000 1000 1000 1000
nic acid
Casein hydrolyzate 300 300 300 300 300 300 300 300
Sucrose 30000 30000 30000 30000 30000 30000 30000 30000
Agar 6000 6000 6000 6000 6000 6000 6000 6000

Note: *Macro- and microelements for MS [20]; **macroelements for Bs [21]

Table 2
Primers, used to confirm the presence of nptll and ifn-02b

Gene . Size of amplified

Primer
fragment, b.p.
npill ? - cctgaatgaactccaggacgaggea-3 ' 622
5'- getctagatccagagtecegetcagaag-3
ifn-02b S'-ctectgettgaaggacag-3 264

5'-ggagtcctecttcatcag-3'

units of Tag-polymerase, and 10-50 ng of DNA-sample. ity of explants used. Therefore, we studied the

The total amount of reaction mixture equalled 20 pl.
The amplification conditions were as follows: pri- ent media, different in the content of macroelements

mary denaturation — 90°C, 3 min; 30 cycles of amplifi- and phytohormones (media No.1-8, Table 1).

cation (94°C, 30 sec — 60°C, 30 sec — 72°C, 30 sec); fi- The experiments revealed the absence of signifi-

nal polymerization — 72°C, 5 min.

specificities of regeneration of chicory plants on nutri-

cant differences between the frequencies of shoot re-

Results and Discussion. The efficiency of obtain-  generation of two types of explants — cotyledonous and
ing genetically modified plants via Agrobacterium-me- leaves — on all the media, except for medium No.7. The
diated transformation depends on regeneration capabil-  formation of shoots was observed after 10-15 days.
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Fig.3 Frequency of regeneration of shoots from cotyledonous (/)
and leaves (2) of chicory on different media

The comparison of the regeneration frequency on me-
dia with different content of macroelements demon-
strated that the availability of MS macrosalts is the op-
timal condition. Thus, after 3 weeks the frequency of
regeneration of shoots on these media equalled
60-100%, whereas the same index was 0-50% in the
presence of B macroelements (Fig. 2, 3). MS and B;
media are different in the amount of nitrogen (in the
form of cations NH," and anions NO, - ), the concentra-
tion of which in MS medium is much higher. The in-
crease in nitrogen concentration is a possible stimulus
for regeneration process of chicory plants.

The comparison of the impact of phytohormones
on the process of shoot regeneration revealed that the
use of medium with kinetin increases the regeneration
frequency compared to the medium with
benzylaminopurine (BAP). For instance, the regenera-

Fig.2 Influence of mineral
components of medium on
regeneration of chicory plants:
a — MS macroelements, 0.5
mg/l kinetin, 0.5 NAA; b —
macroelements Bs, 0.5 mg/l
kinetin, 0.5 mg/l NAA

tion frequency on medium No.2 (MS, 0.5 mg/l kinetin)
was higher than that for medium No.4 (MS, 0.5 mg/l
BAP) — 100 and 70%, respectively. Besides, the time
period, necessary for regeneration initiation on media
No.1 and No.2 with kinetin, was much shorter (7-10
days) than that for media No.3 and No.4 with BAP
(14-20 days). The increase in cytokinins (both kinetin
and BAP), 0.5-2.5 mg/l, did not result in the increase in
regeneration frequency.

Therefore, it was demonstrated that the use of nutri-
ent medium with MS macroelements and kinetin al-
lows obtaining regeneration of chicory plants with the
maximal frequency (up to 100%). Since high efficiency
of shoot regeneration is one of the reasons of successful
transformation, this medium was used in experiments
of creating genetically modified plants.

The transformation was performed using A.
tumefaciens with vector construction pCB124, T-DNA
of which contained selective gene npt/l and target gene
ifn-a2b. The expression of npt-1I gene gives more ad-
vantages to transformed cells, proliferation of which
takes place in the presence of selective concentration of
kanamycin. To determine the latter, we tested five con-
centrations of antibiotic — 10, 25, 50, 100, and 150
mg/l. At the kanamycin concentration of 25 mg/l and
higher there were no green shoots, regenerating from
cotyledonous leaves, and the explants perished. Thus,
the concentration of 25 mg/l was defined as the
selective one.

In case of cultivating explants on media No. 1 and
2 with the addition of kanamycin (25 mg/l) and

123



MATVIEIEVA N. A.ET. AL.

x1000 b.p.
1,00 = sin

0,75 = . @ é

0,50 = S

0,25 = I

nptll

ifr-a2b

Fig.4 Regeneration of canamycin-resistant plants of chicory cv Pala rossa (a) and PCR-analysis of total DNA from plants, transformed with
pCB124 construction, for the presence of npt/l and ifn-a2p genes (b: 1, 2, 5, 6 — transformed plants; 3, 7 — control plants; 4, § — DNA of

pCB124 plasmid; M — marker)

cefotaxime (600 mg/l) for bacteria elimination, the
shoot formation was observed after 7-14 days (Fig.
4, a).

The transformation frequency (i.e. regeneration
frequency of green plants in the presence of selective
concentration of canamycin) was determined accord-
ing to the ratio of the number of explants with the
shoots, green on selective medium, to the total number
of explants in per cent. It equalled 26.9%, which must
be connected with high regeneration capability of these
plants (up to 100%). There were no white plants at the
selection of explants on the medium with antibiotics.

PCR-analysis of total DNA of eight plants, regen-
erated on selective medium, revealed the presence of
both selective mptll gene and target ifn-a2b gene
(Fig.4, b).

Consequently, the highest frequency of plant re-
generation (up to 100%) was observed at cultivation
of cotyledonous and leaves of chicory on the medium,
containing MS macroelements, kinetin (0.5-2.5 mg/l)
and o-NAA (0.5 mg/l). Agrobacterium-mediated
transformation with pCB 24 construction allowed ob-
taining transformed plants with the frequency of
26.9%. PCR-analysis demonstrated that DNA of all
plants under study had both selective npt/l and target
ifn-a.2b gene. The use of nptll gene in pCB124 con-
struction is efficient, since it allows selecting exactly
transformed plants. Therefore, the method of
Agrobacterium-mediated transformation may be used
with the purpose of obtaining transgenic chicory
plants with interferon-a2b gene.
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H. A. Mameeesa, A. M. lllaxoscvkuii, 1. M. I'epacumenko,
0. 0. Keacko, H. B. Kyuyk

Ilepenecenns rena 6iocunTe3y inTepdepony-a2b B pocinHu
nukopito (Cichorium intybus L.) meromoMm arpobakTepiaiabHOI
TpaHchopmamii

Pesome

Tenemuuna mpancpopmayis yuxopiio C. intybus L. cmanosums
inmepec 3 02130y HA MOICIUBICINb CMBOPEHHS POCIUH-IMYHOMOOY-
nAmMopie, ki micmsame 2eH inmepgepony-ab. /lns ompumanns ma-
KUX POCIAUH ONMUMI308AHO YMOBU peceHepayii yukopio copmy
Ilara pocca ma 30iticheHo mpancpopmayito 3a O00NOMO20H0
Agrobacterium tumefaciens. Ilokazano, wo vacmoma pezenepayii
Ha cepedosuwyi 3 makpoeremenmamu MS, kinemunom (0,5—-2,5 me/n)
ma o-nagmunoymosoio kuciromoio (0,5 me/n) caeac 100 %. 3 suko-
PUCIMAHHAM NOJNIMEPA3HO-IAHYI020801 peakyii 86CMAHOBIEHO, WO
JIHK ycix npoananizo8anux pociun MicCmumo K ceieKmugHull 2eH
nptll, max i yinvoguii ifn-02b-cen. Takum yunom, memoouxa azpo-
b6axkmepianonoi mpancgopmayii mosce Oymu 3acmoco8ana s om-
PUMAHHSL 2eHEeMUYHO MOOUPIKOBAHUX POCIUH YUKOPIIO 3 2EHOM, WO
3ymosenioe cunmes inmepgepony-o.2b.

Knwowuosi crosa: mpancopmayis, Agrobacterium, Cichorium
intybus, inmepgepoH.

H. A. Mameeesa, A. M. Illaxosckuii, 1. M. I'epacumenxo,
E. IO. Keacko, H. B. Kyuyx

Ilepenoc rena 6uocunresa uHTephepoHa-alb B pacTeHus
uukopust (Cichorium intybus L.) meromoM arpoOakTepuanbHOW

TpaHchopmanuu
Pesrome

I'enemuueckas mpancgopmayus yuxopus C. intybus L. npeocmas-
Jsiem unmepec ¢ MOYKU 3PEHUSI GOIMONCHOCMU CO30AHUS pacme-
HUU-UMMYHOMOOYAAMOPO8, COOEPAHCAWUX 2eH OUOCUHMEe3a UHNep-
@epona-a.2b. [[na noryuenus makux pacmeHuil ONMUMUIUPOBAHbL
yenosus pezenepayuu pacmenuti copma Ilana pocca u npogedena
mpancgopmayus c nomowwio Agrobacterium tumefaciens. I[lokasa-
HO, YUMo yacmoma pezenepayuu Ha cpeoe ¢ Makpodiemenmamu MS,
kunemunom (0,5-2,5 me/n) u o-Ha@pmuaykcycnou Kuciomoi
(0,5 me/n) oocmucaem 100 %. C ucnonvzosanuem noiumepasnou
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yenuou peakyuu ycmarosneno, umo [JHK ecex npoananusuposan-
HBIX pacmeHnull 6Kiouaem Kak celekmugnslil een nptll, max u yene-
6ol ifn-a2b-een. Takum 0bpazom, Memoouka azpob6axmepuanbHoll
mpancgopmayuu moxcem 6bimb UCHONL30BAHA 05 NOYUEHUS 2e-
Hemuyecku MOOUDUYUPOBAHNBIX pACHeHUTl YUKOPUS C 2eHOM, 00Y-
crosnusarwumM cunmes unmepgepona-o2b.

Knrouesvie crosa: mpancpopmayus, Agrobacterium, Cichorium
intybus, unmepgepon.
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