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Our aim was to investigate the influence of some exogenous agents on the recombinant protein accumulation in
plants via Agrobacterium-mediated transient expression. Methods. Agrobacterium-mediated transient ex-
pression method, spectrophotometric methods for protein analysis, statistical calculations. Results. It was
shown that the tested compounds in different concentrations (namely, auxins, cytokinin, methyl jasmonate and
suppressors of jasmonate biosynthesis (phenidon and diethyldithiocarbamic acid)) added to the infiltration
buffer did not influence either GFP transient expression nor total protein accumulation in plant tissue.
Conclusions. The results suggest that the tested factors are not substantial for Agrobacterium-mediated
transient expression.
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Introduction. Agrobacterium-mediated transient ex-
pression represents a quick and efficient way of pro-
ducing recombinant proteins in plants. This approach
could be applied for rapid testing of genetic vectors or
obtaining preparative amount of target proteins. Fo-
reign gene expression occurs within several days after
bacteria inoculation without transgene integration into
the plant genome [1, 2]. During recent decades the labo-
ratory transient expression protocol has been adapted to
commercial scale [3, 4] and a wide range of pharmaceu-
tical proteins has been obtained including functional
full-size antibodies [5]. Additionally, numerous appli-
cations of transient expression for the analysis of gene
or promoter expression and regulation have been deve-
loped (see for review [6]).

A considerable attention paid to the optimization of
transient expression protocol allowed the definition of
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several groups of factors influencing the process effici-
ency. Among them, the physiological characteristics of
both interacting partners, Agrobacterium and a hosting
plant are important. For the latter it was shown that the
plant age, leaf position and even location within the lea-
ves may strongly modify the level of foreign protein ac-
cumulation [7, 8]. The consideration of the most impor-
tant production factors and the development of expres-
sion models allowed prediction of the target protein
yield and calculation of the cost function for the produc-
tion process that is necessary for the current good manu-
facturing practice protocol [9]. However, numerous fac-
tors influencing the level of transiently expressed pro-
teins are still poorly studied, especially those concer-
ning the phytohormone balance in the target plant tis-
sue. It is well known that the phytohormone balance
changes may regulate protein metabolism/catabolism
as well as stress reactions in the plant cell [10]. Auxin
influences the cell division and differentiation in many
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ways. Its action may be mediated via induction or re-
pression of numerous specific genes and results in pro-
ducing the proteins required for growth [11, 12]. Ano-
ther important phytohormone group, cytokinins, among
other functions in plant organism may retard senescen-
ce. They are required during the greening process stimu-
lating the chloroplast development and the expression
of numerous genes [12—14]. All these factors may cont-
ribute to the biosynthetic capacity of plant tissue inclu-
ding general protein biosynthesis process during transi-
ent expression.

Jasmonates, the secondary messengers stimulated
by wounding or pathogen attack, trigger an important
cascade of stress reactions including the processes lea-
ding to protein degradation or de novo synthesis (the lat-
ter concerns first of all a wide range of plant defence
proteins) [15]. Long term exposition of plant tissue to
jasmonate signals causes general depression of transla-
tion, ribosome inactivation and decrease in the protein
content [16]. This reaction foregoes tissue necrosis
aiming at pathogen localization. The blocking of jasmo-
nate-mediated stress reactions may impact protein bio-
synthesis in plant cell. Two substances, 1-phenyl-3-py-
razolidinone (phenidone) and sodium diethyldithiocar-
bamate (DIECA), have been selected as suppressors of
jasmonate biosynthesis and, consequently, jasmonate-
mediated stress reactions. The first compound inhibits
lipoxigenase, an enzyme of the early stages of jasmona-
te biosynthesis [17, 18]. The second one reduces hydro-
peroxide derivative of linolenic acid removing this in-
termediate from jasmonic acid biosynthesis pathway.
Several examples of the DIECA inhibitory effect on jas-
monate mediated stress reactions have been described
[17—19]. Infiltration with Agrobacterium may stimula-
te the jasmonate-mediated defensive processes, inclu-
ding repression of the total protein biosynthesis. Their
blocking as well as enhancing could, therefore, influen-
ce the recombinant protein biosynthesis during transient
expression.

To the best of our knowledge, no data exist on influ-
ence of the compounds mentioned above on Agrobacte-
rium-mediated transient expression in plants. Here we
describe the results of studying the GFP transient ex-
pression in N. excelsior after addition of exogenous
phytohormones (auxins: indolyl acetic acid and 2, 4-di-
chlorophenoxyacetic acid; and cytokinin kinetin), me-

thyl jasmonate and suppressors of jasmonate biosyn-
thesis (1-phenyl-3-pyrazolidinone and sodium diethyl-
dithiocarbamate) to the infiltration buffer.

Materials and methods. Plant material. Seeds of
N. excelsior were obtained from the National Germ-
plasm Bank of World Flora of the Institute of Cell Bio-
logy and Genetic Engineering (Ukraine). Plants were
grown in greenhouse at 2025 °C and 14 h light period
(3000—4000 lux). 8-10 week old plants were used in
the experiments.

Bacterial strains and genetic constructs. An expres-
sion system included the plasmid p/CH5290 carrying
the reporter synthetic GFP gene driven by the CaMV
35S promoter and the plasmid p/CH6692. The plasmid
pICH6692 contained the gene of p19 protein of tomato
bushy stunt virus, a suppressor of post-transcriptional
gene silencing [20] driven by the 35S CaMV promoter.
All the mentioned plasmids were obtained for scientific
purposes from Icon Genetics GmbH («Halle/Saaley,
Germany).

Agrobacterium tumefaciens strain GV3101 trans-
formed with individual constructs was grown for 18—
24 h at 100 rpm in LB medium supplemented with
50 mg/l of rifampicin and 50 mg/l of carbenicillin or
kanamycin, and 100 uM of acetosyringone.

Transient expression assay. Plant infiltration was
performed as described in the recent publication [21].
The Agrobacterium suspensions (OD,,, = 1.0) harbo-
ring pI/CH5290 and pICH6692 plasmid vectors were
mixed in the equal volumes and the leaves of green-
house grown plants were infiltrated with Agrobacteri-
um mixture (~50 pl/leaf). The plants were further grown
under greenhouse conditions and were harvested at 4"
day after infiltration. All experiments were carried out
in 6-15 replications.

Treatment conditions. Indolyl acetic acid (IAA,
«Sigmay», Germany) was prepared as a 10 mg/ml stock
solution in ethanol (96 %, V/V). Immediately before
the experiment the stock solution was diluted with wa-
ter to concentration 0.1 mg/ml IAA and added to the in-
filtration buffer so that the final concentrations were
0.5 mg/l, 1 mg/l and 5 mg/l. Additionally, [AA was
prepared as a 10 mg/ml stock solution in ethanol (50 %,
V/V), diluted with water to concentration 1 mg/ml and
added to the infiltration buffer so that the final concen-
trations were 10 and 50 mg/1.
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Table 1
GFP and TSP accumulation in N. excelsior after auxin treatments

Concentration, GFP, % TSP + standard TSP, mg/g raw

mg/l deviation weight + standard deviation
144
0 (control) 542+1.42 492 +1.85
0.5 4.0+0.65 529+1.73
1 4.87+1.72 4.58 £0.69
5 4.72 +£3.44 4.66 +1.36
1AA, high concentrations™
0 (control) 4.02+0.1 7.0 +2.35
10 5.66 £2.89 8.02+1.92
50 423+1.13 8.67+3.79
2,4-D
0 (control) 1.94+1.36 6.5+1.05
0.1 1.98 £0.91 5.89 £0.89
0.2 1.83 £0.51 5.19+1.03
1 2.07+1.0 543+1.6
2 2.65+1.0 531+1.34

*The experiment was performed separately because of difference in
the control treatment.

2,4-Dichlorophenoxyacetic acid (2,4-D, «Sigmay)
was prepared as a 10 mg/ml stock solution in ethanol
(50 %, V/V), diluted with water to concentration
0.1 mg/ml and added to the infiltration buffer so that
the final concentrations were 0.1 mg/l, 0.2 mg/l, 1 mg/1
and 2 mg/l.

Kinetin («Calbiochem», USA) was prepared as a
10 mg/ml stock solution in 0.1 N NaOH, diluted with
water to concentrations 1 mg/ml, and 0.5 mg/ml and
added to the infiltration buffer in equal volume to the
final concentrations of 1 mg/l and 2 mg/1.

Methyl jasmonate (MJ, «Duchefa», Netherlands)
was prepared as 50 mM solution in 70 % ethanol and ad-
ded to the infiltration buffer to the final 100 uM con-
centration.

Sodium diethyldithiocarbamate (DIECA, «Flukay,
Germany) was prepared as 100 mM stock solution in de-
ionized water. The stock solution was added to the in-
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filtration buffer immediately after preparation to the
final 1 mM concentration.

1-Phenyl-3-pyrazolidinone (Phenidone, «Aldrichy,
Germany) was prepared as 20 mM stock solution in de-
gassed deionized water to prevent oxidation and was ad-
ded to the infiltration buffer immediately after prepa-
ration to give the final concentrations 0.1 and 0.5 mM.

The respective amounts of deionized water or cor-
responding solvent were added to the buffer used for
infiltration of control plants.

Protein extraction and GFP analysis. Accumulation
of GFP in the infiltrated leaves was monitored with a
hand-held black ray lamp (UVP, «Upland», USA) and
the fluorescent areas were cut out. Protein extraction and
GFP accumulation analysis were performed as descri-
bed recently [7]. The concentration of total soluble pro-
teins (TSP) was determined by the method of Bradford
[22] using «BioPhotometer» («Eppendorf», USA).
Bovine serum albumin was used as a standard protein.

Statistical calculations. For statistical data analysis
the standard deviation and Student's test were used
[23].

Results and discussion. For infiltration we used
greenhouse grown N. excelsior plants. This species has
good characteristics as a host for Agrobacterium-me-
diated transient expression [7]. Stock solutions of the
tested compounds were added to the infiltration buffer
prior to Agrobacterium injection into the plant tissue.
After biomass harvesting, we monitored GFP and TSP
accumulation in the infiltrated areas.

Influence of exogenous auxins on Agrobacterium-
mediated transient expression. Auxin stock solutions
(IAA or 2,4-D) were added to the infiltration buffer to
give the final concentrations of 0.1 — 5 mg/l, which are
applied usually in plant cell culture media and are close
to the range of physiologically relevant means estima-
ted for Nicotiana species [24, 25] or surpassing those
(IAA, 10 and 50 mg/1). No reliable effect on GFP accu-
mulation as well as on total soluble protein content was
detected after transient expression for all the tested con-
centrations of auxins (Table 1).

Influence of exogenous cytokinins on Agrobacterium-
mediated transient expression. Kinetin stock solution
was added to the infiltration buffer to give the final con-
centrations applied usually in plant cell culture media
(1-2 mg/l). These means surpass the upper range of
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Table 2
GFP and TSP accumulation in N. excelsior after kinetin treatment

Concentration, GFP, % TSP + standard TSP, mg/g raw

mg/l deviation weight + standard deviation
0 (control) 426+ 1.8 6.8 +1.45

1 5.11+£3.28 6.51 £1.46

2 5.24 +1.81 6.25+0.87

Table 3
GFP and TSP accumulation in N. excelsior after MJ treatment

Concentration, GFP, % TSP + standard TSP, mg/g raw

uM deviation weight + standard deviation
0 (control) 4.18 £2.74 493+ 1.18
100 4.89+247 5.01 £1.15

Table 4
GFP and TSP accumulation in N. excelsior after phenidone and
DIECA treatments

Concentration, GFP, % TSP + standard TSP, mg/g raw

mM deviation weight =+ standard deviation
Phenidone
0 (control) 4.52+3.03 6.7 +2.34
0.1 3.95+1.28 6.74 +£1.28
0.5 542 +1.61 6.03 +1.24
DIECA

0 (control) 2.5+1.86 7.16 +£2.26
1 3.44+1.74 5.45+3.48

physiologically relevant endogenous cytokinin concen-
tration in tobacco plants [24, 26, 27]. As it was shown
for auxins, no substantial change in GFP accumulation
as well as in total soluble protein content was monito-
red after transient expression for all the tested concen-
trations of kinetin (Table 2).

Influence of exogenous MJ on Agrobacterium-me-
diated transient expression. In order to study the influ-
ence of exogenous jasmonate on the GFP transient ex-
pression we added stock solution of MJ to the infiltra-
tion buffer to give the final 100 pM concentration com-
monly applied for plant elicitation [28]. Exogenous jas-
monate caused no effect on GFP and TSP accumulation
in N. excelsior after transient expression (Table 3).

Influence of suppressors of jasmonate-mediated
stress reactions on Agrobacterium-mediated transient
expression. Adding to the infiltration buffer of phenido-
ne in concentration 0.1 and 0.5 mM as well as DIECA
in concentration 1 mM did not cause changes in the tran-
sient expression level or total proteins content. Although
the average GFP concentration slightly increased in
phenidone (0.5 mM) and DIECA treated plants in com-
parison with the control samples, the differences were
not reliable (Table 4).

The data obtained suggest that the tested factors
caused no reliable effect on the foreign protein tran-
sient expression efficiency as well as on the total pro-
tein biosynthesis during this process. Insignificant va-
riety of protein concentration in different experiments
may be explained by some heterogeneity of plant mate-
rial or greenhouse conditions. It does not influence the
result interpretation because the control treatment has
been carried out for each experimental set. The results
obtained show that the initial characteristics of plant
organism (like plant age, leaf position etc.) used for
transient expression play more important role than exo-
genous phytohormone treatments, because of either
maintaining hormonal homeostasis in plant tissue or
independence of transient expression processes from
auxin/cytokinin reactions. Physiological abundance of
endogenous jasmonates induced after agrobacterial in-
filtration may be a reason for the absence of response to
the exogenous MJ treatment.

On the other hand, jasmonate biosynthesis block-
ing by phenidone or DIECA in the infiltration buffer
may be inefficient at a stage of protein accumulation
which starts usually on the second day after infiltration.
The both substances are unstable and quickly degrade
in physiological conditions.

Additionally, an intersection of different stress sig-
naling pathways (for example, salicylate mediated de-
fence network) can occur [29, 30].

Conclusions. The addition of auxins, cytokinins,
MJ and suppressors of jasmonate-mediated stress reac-
tions (phenidone and DIECA) to the infiltration buffer
neither enhanced the GFP transient expression nor in-
fluenced the total protein accumulation in plant tissue.
It suggests that these factors in the tested concentration
are not substantial for Agrobacterium-mediated tran-
sient expression protocol.
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A. P. Cinoaposcwvka, 1. M. I'epacumenko, M. B. Kyuyx,
10. B. lllenyovko

BB ex30reHHHX (hiTOrOPMOHIB, METHIDKACMOHATY Ta
cynpecopiB Oi0CHHTE3Y KacMoHaTy Ha Agrobacterium-

orocepeIKoBaHy TPaH31eHTHY ekcrpecito B Nicotiana excelsior

Pestome

Mema. [locniodcenns aniugy 0eskux eK302eHHUX a2eHmie Ha HaKonu-
YeHHs peKOMOIHaAHMHO20 OLIKA 8 pocaunax 3a donomozoto Agrobacte-
rium-onocepeorkosanoi mpausienmuoi excnpecii. Memoou. Agrobac-
terium-onocepeoko8ana mpam3icHmua eKxcnpecis, cnekmpogomomem-
PUUHI Memoou 015l aHAi3y OLIKIe, cmamucmuyni po3paxyHku. Peszyno-
mamu. [lokaszano, wo npomecmosani pevosunu, a came — 0esiKi KOH-
yenmpayii ayKcumia, YumokiHiny, Memuidicacmonamy i Cynpecopis tio-
20 biocunmesy (¢heHioony i Ouemunoumiokapoamamy), 000aui 00 iH-
Ginompayiiinozo Oyghepa, He 6nIUBAIOMb HA MPAHIEHMHY EKCNPECito
GFP i 3aeanvhuil pieenv emicmy Oiika 8 pociunHit mxaruti. Bucnoe-
Ku. Pesynomamu ceiouams, wo npomecmosani pakmopu ne € cymme-
suMu 01 nposedennss Agrobacterium-onocepeokosanoi mpanzicHm-
Hoi excnpecii.

Kunrouosi crosa: Nicotiana excelsior, Agrobacterium, mpanzienm-
Ha excnpecis, GFP.

A. P. Cunoaposckas, M. M. I'epacumenxo, H. B. Kyuyk,
10. B. lllenyovko

BrnsiHME 9K30T€HHBIX (PUTOTOPMOHOB, METHIKACMOHATA U
CympeccopoB OHoCHHTE3a )KacMoHata Ha Agrobacterium-

OTIOCPEIOBAHHY IO TPaH3UEHTHYIO SKcpeccuto B Nicotiana excelsior

Pestome

Lens. Hccredosanue 6nusinust HEKOMOPLIX IK302CHHBIX A2EHMO8 HA HA-
KonjieHue peKoMouHanmno20 beiKka 6 pacmeHusx ¢ nomowwlo Agro-
bacterium-onocpedosannou mpanzuenmuou skcnpeccuu. Memoowi.
Agrobacterium-onocpedosannan mpan3ueHmuas SKCNpeccus, CReKm-
pogomomempureckue Memoosl 05l AHAIU3A OENKO8, CIAMUCIUYec-
Kue pacuemol. Pezynomamor. [lokazano, umo mecmupyemvie eewjecm-
6d, 4 UMEHHO — HEKOMOpble KOHYEHMPAYUuu ayKCuHo8, YUmoKUHUHd,
MEMUIHCACMOHAMA U CYRPEccopos e2o Ouocurnmesa (peHuooHa u ou-
amuroumuoxkapbamamay), 00bagiennvie K UHPUIbMPAYUOHHOMY by he-
Py, He enusiom na mpanzuenmmuyio sxcnpeccuio GFP u obwuil yposens
cooepoicanus benxa 6 pacmumensHol mxkany. Boieoodwst. Pezyiomamoi
CBUOEeMENLCMBYION, YUMo mecmupyemble (akmopbl ne AeaAI0mcs cy-
wecmeeHHbIMU 0151 npoeedenust Agrobacterium-onocpedosanHou mpa-
BUEHMHOU IKCNPECCUU.

Knrouegvie cnosa: Nicotiana excelsior, Agrobacterium, mpan3zuenm-
Has sxcnpeccus, GFP.
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