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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

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 20–25 oC 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 pICH5290 carrying

the reporter synthetic GFP gene driven by the CaMV

35S promoter and the plasmid pICH6692. 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/Saale»,

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 µM of acetosyringone.

Transient expression assay. Plant infiltration was

performed as described in the recent publication [21].

The Agrobacterium suspensions (OD600 = 1.0) harbo-

ring pICH5290 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 µl/leaf). The plants were further grown

under greenhouse conditions and were harvested at 4th

day after infiltration. All experiments were carried out

in 6–15 replications.

Treatment conditions. Indolyl acetic acid (IAA,

«Sigma», 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, IAA 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/l.



370

SINDAROVSKA Y. R. ET AL.

2,4-Dichlorophenoxyacetic acid (2,4-D, «Sigma»)

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/l

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/l.

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 µM con-

centration.

Sodium diethyldithiocarbamate (DIECA, «Fluka»,

Germany) was prepared as 100 mM stock solution in de-

ionized water. The stock solution was added to the in-

filtration buffer immediately after preparation to the

final 1 mM concentration.

1-Phenyl-3-pyrazolidinone (Phenidone, «Aldrich»,

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/l). 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

Concentration,

mg/l

GFP, % TSP ± standard

deviation

TSP, mg/g raw

weight ± standard deviation

IAA

0 (control) 5.42 ± 1.42 4.92 ± 1.85

0.5 4.0 ± 0.65 5.29 ± 1.73

1 4.87 ± 1.72 4.58 ± 0.69

5 4.72 ± 3.44 4.66 ± 1.36

IAA, high concentrations*

0 (control) 4.02 ± 0.1 7.0 ± 2.35

10 5.66 ± 2.89 8.02 ± 1.92

50 4.23 ± 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 5.43 ± 1.6

2 2.65 ± 1.0 5.31 ± 1.34

*The experiment was performed separately because of difference in

the control treatment.

Table 1

GFP and TSP accumulation in N. excelsior after auxin treatments



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 µM 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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Concentration,

mg/l

GFP, % TSP ± standard

deviation

TSP, mg/g raw

weight ± standard deviation

0 (control) 4.26 ± 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 2

GFP and TSP accumulation in N. excelsior after kinetin treatment

Concentration,

µM

GFP, % TSP ± standard

deviation

TSP, mg/g raw

weight ± standard deviation

0 (control) 4.18 ± 2.74 4.93 ± 1.18

100 4.89 ± 2.47 5.01 ± 1.15

Table 3

GFP and TSP accumulation in N. excelsior after MJ treatment

Concentration,

mM

GFP, % TSP ± standard

deviation

TSP, mg/g raw

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 5.42 ± 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

Table 4

GFP and TSP accumulation in N. excelsior after phenidone and

DIECA treatments



ß. Ð. Ñ³íäàðîâñüêà, ². Ì. Ãåðàñèìåíêî, Ì. Â. Êó÷óê,

Þ. Â. Øåëóäüêî

Âïëèâ åêçîãåííèõ ô³òîãîðìîí³â, ìåòèëæàñìîíàòó òà

ñóïðåñîð³â á³îñèíòåçó æàñìîíàòó íà Agrobacterium-

îïîñåðåäêîâàíó òðàíç³ºíòíó åêñïðåñ³þ â Nicotiana excelsior

Ðåçþìå

Ìåòà. Äîñë³äæåííÿ âïëèâó äåÿêèõ åêçîãåííèõ àãåíò³â íà íàêîïè-

÷åííÿ ðåêîìá³íàíòíîãî á³ëêà â ðîñëèíàõ çà äîïîìîãîþ Agrobacte-

rium-îïîñåðåäêîâàíî¿ òðàíç³ºíòíî¿ åêñïðåñ³¿. Ìåòîäè. Agrobac-

terium-îïîñåðåäêîâàíà òðàíç³ºíòíà åêñïðåñ³ÿ, ñïåêòðîôîòîìåò-

ðè÷í³ ìåòîäè äëÿ àíàë³çó á³ëê³â, ñòàòèñòè÷í³ ðîçðàõóíêè. Ðåçóëü-

òàòè. Ïîêàçàíî, ùî ïðîòåñòîâàí³ ðå÷îâèíè, à ñàìå – äåÿê³ êîí-

öåíòðàö³¿ àóêñèí³â, öèòîê³í³íó, ìåòèëæàñìîíàòó ³ ñóïðåñîð³â éî-

ãî á³îñèíòåçó (ôåí³äîíó ³ äèåòèëäèò³îêàðáàìàòó), äîäàí³ äî ³í-

ô³ëüòðàö³éíîãî áóôåðà, íå âïëèâàþòü íà òðàíç³ºíòíó åêñïðåñ³þ

GFP ³ çàãàëüíèé ð³âåíü âì³ñòó á³ëêà â ðîñëèíí³é òêàíèí³. Âèñíîâ-

êè. Ðåçóëüòàòè ñâ³ä÷àòü, ùî ïðîòåñòîâàí³ ôàêòîðè íå º ñóòòº-

âèìè äëÿ ïðîâåäåííÿ Agrobacterium-îïîñåðåäêîâàíî¿ òðàíç³ºíò-

íî¿ åêñïðåñ³¿.

Êëþ÷îâ³ ñëîâà: Nicotiana excelsior, Agrobacterium, òðàíç³ºíò-

íà åêñïðåñ³ÿ, GFP.

ß. Ð. Ñèíäàðîâñêàÿ, È. Ì. Ãåðàñèìåíêî, Í. Â. Êó÷óê,

Þ. Â. Øåëóäüêî

Âëèÿíèå ýêçîãåííûõ ôèòîãîðìîíîâ, ìåòèëæàñìîíàòà è

ñóïðåññîðîâ áèîñèíòåçà æàñìîíàòà íà Agrobacterium-

îïîñðåäîâàííóþ òðàíçèåíòíóþ ýêñïðåññèþ â Nicotiana excelsior

Ðåçþìå

Öåëü. Èññëåäîâàíèå âëèÿíèÿ íåêîòîðûõ ýêçîãåííûõ àãåíòîâ íà íà-

êîïëåíèå ðåêîìáèíàíòíîãî áåëêà â ðàñòåíèÿõ ñ ïîìîùüþ Agro-

bacterium-îïîñðåäîâàííîé òðàíçèåíòíîé ýêñïðåññèè. Ìåòîäû.

Agrobacterium-îïîñðåäîâàííàÿ òðàíçèåíòíàÿ ýêñïðåññèÿ, ñïåêò-

ðîôîòîìåòðè÷åñêèå ìåòîäû äëÿ àíàëèçà áåëêîâ, ñòàòèñòè÷åñ-

êèå ðàñ÷åòû. Ðåçóëüòàòû. Ïîêàçàíî, ÷òî òåñòèðóåìûå âåùåñò-

âà, à èìåííî – íåêîòîðûå êîíöåíòðàöèè àóêñèíîâ, öèòîêèíèíà,

ìåòèëæàñìîíàòà è ñóïðåññîðîâ åãî áèîñèíòåçà (ôåíèäîíà è äè-

ýòèëäèòèîêàðáàìàòà), äîáàâëåííûå ê èíôèëüòðàöèîííîìó áóôå-

ðó, íå âëèÿþò íà òðàíçèåíòíóþ ýêñïðåññèþ GFP è îáùèé óðîâåíü

ñîäåðæàíèÿ áåëêà â ðàñòèòåëüíîé òêàíè. Âûâîäû. Ðåçóëüòàòû

ñâèäåòåëüñòâóþò, ÷òî òåñòèðóåìûå ôàêòîðû íå ÿâëÿþòñÿ ñó-

ùåñòâåííûìè äëÿ ïðîâåäåíèÿ Agrobacterium-îïîñðåäîâàííîé òðàí-

çèåíòíîé ýêñïðåññèè.

Êëþ÷åâûå ñëîâà: Nicotiana excelsior, Agrobacterium, òðàíçèåíò-

íàÿ ýêñïðåññèÿ, GFP.
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