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Table 2. The effects of different sugars and ageitogone on activity of-galactosidase enzyme in A348
(MX243) variant

Oy 2olie ©oly] az o Slrypo £ gazxo Slas o 5 Skeo Flade
Source of variations df Sum of squares Mean squares F-value
= 2 816335.593 408167.797 3.29's
Sugar (S)
U’S“’““’M 2540547.881 846849.294 6.82"
Acetosyringone (A)
“”5“’;’;" R 6 4941777.43 823629.572 6.63"
X
SHalejl sl 24 2980945.72 124206.07 -
Error

w#% NS
9

VAR JLou.‘>| c!a..a ) )"%5"'"‘“ 9 )lbsa.v.a)...c &_~.l).l44
nsand™: Not-significant and significant at 1% probabillgwel, respectively.
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Figure 1. The interaction effects of carbon sousras acetosyringone ¢galactosidase activity in A348

(MX243) strain ofAgrobacterium. Three types of sugar including glucosg,(enannose ( anddeoxymannose
(ag) with 10mM final concentration in combination witite O (k), 10 (), 50 (k) and 100 (B uM

concentration of acetosyringone used to study thigity of B-galactosidase. The gene coding for the enzyme is

promoterless and under contadlvirB, gene promotenrBz::lacZ). The highest enzyme activity of ~3300
Miller unit was achieved in a2b3 treatment.
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Table 2. The effects of different sugars and ageitagone on activity of-galactosidase enzyme in A348
(MX311) variant
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Source of variations df Sum of squares Mean squares F-value
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Figure 2. The interaction effects of carbon sousres acetosyringone on activity [pigalactosidase enzyme in
A348 (MX243) variant ofAgrobacterium. Three types of sugar including glucosg,(enannose @ and
deoxymannose gnin 10mM final concentration in combination wittetlevel of O (), 10 (), 50 (k) and 100
(bs) UM acetosyringone oprgalactosidase enzyme activity. The gene codingh®ienzyme is promoterless and
under control ofirD, gene promotenirDz::lacZ). The highest enzyme activity of 3650 Miller uwias
achieved in a2b3 treatment.

O Glp Sl Gl (VS ol (g5l 5
obe 2 Fe Jalse 2IGT 5 oy o)l pecbsy; ol
ol heslawl bsyls o)l Al tumefaciens ;o L yj
O el g oy it (A3 slaygenlige i
ombesl pl jo oolaiwls je 5 xd slacilige alesjl
- T sedl VAP lagys ddlaie o TN3-HOHOL a5

YY¥

<, (Stachel,et al., 1985 ,5Ken 5 JSotul

Tn3- o6 & Tn3 &b ,» lacZ Ko )l5 o5 cwls
B os S Sl gygeml 5 opl osle 1, HOHOL
05 Se 9 (Ot S b Gprbnnel ) Canglin) LLSY
S5 o g5 0 Cawyo aS Canl igeg, a8 laCZ

095 bl g Jld e ol 5lgensl s o)ls 1,3 TNS 5,0



\Yarg ).ul..l /rn}w e)Lo.J:: /p.a.nﬂ) 0,99 [ ;.AM 1)6)L¢.g 6Lmu) );5.45); L;LAJ‘ S J.AB 9 UJ)S é;L.A )‘ oolazwl

G0 Ohle s oyls J1E T glxe 4o a5 el VIFD2 0l gl -PCM1L10 wilEgs slo J5L 4 bogs e
Colled itaopnd jeba wpl el Skl ol 5o eadeslan.! Agrobacterium sladasgw .ol
ol o s s lad 1) el el 5 05 Sgegp A348 (MX311) 4 A348 (MX243) Jols s.iss
Cule oo jolaieds aliee S Jelse iolos] Tn3- cuwuls a5 el (Narasimhuluet al., 1996
sbgi @lopcdgy, GulBl a0 g bysesn VirDz s VirBz slagsnl o <o 4 HoHol
L o igegn cullad s a5 ol soliiwl VAP (gl5c5 Lo W8L conlS ol laCZ 5 a5 Lxs] 5l .l 0ol 5l gusl 5

g olyon Sy V- o5l colled i Sasg ) 5lseSYE-P adsi 9,0l 5l el gos s

g VIrBz slapsegyy JyuS cod cudpar Hlai 9,90

P

—_ ] — ———————————— —>—=
virB2 [ virD2 IR, lacZYA tnpA tnpR  bla IR

aS 0auS oS bl Jols TN3-HOHO1 S5 jlis-le VIrD2 4 VirB2 slagys J51s 4o oaiis g TN3-HOHOL sl -¥ S
o tnpA 45‘-,’Jl.>)~> Alwd >~.M> 9 w bla 9 tnpR el ool ul.m..l u»lﬁ Ll 6)‘°fw545) (W) = 9 Lﬂbu»lﬁ Py U) R rnl;
9 Cowl Jl;d ).15.43)4 \_i.l 2380 Lol od)jﬁdﬁa.wb 9 J.clS |aC ‘;‘95 U‘)J‘ | Jl;d).& U] 3 6Le‘4.|‘ B |aC ‘-,’le UM J>L>
SLlSY-B bla ¢l gun , tNPR ¢5155..51 5 tNPA <E. coli |
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orientation of each gene are indicated by an artigpir andbla are wild-type, whildnpA is non-functional
owing to thelac sequences inserted into its 3' end. Tdweoperon sequences are intact but lack a functional
promoter. Translation can potentially initiatevaB2 / virD2 that occurs upstream of thecZ structural gene.

Symbols: IR, left-inverted repeat; IR right-inverted repeatacZYA, E. coli lac operontnpA, transposase;
tnpR, resolvasebla, B-lactamase.
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Table 3. Average activity ¢f-galactosidase enzyme Antumefaciens. The interaction effect of three types of
sugars in combination with different concentratiohacetosyringone on average activityBedalactosidase
enzyme in two strains of MX311 (A348hdA348 (MX243)

(Y 909,500) 555y gt il

Acetosyringone concentration (UM)

a3 g9
Sugar type 0 50 100
soike 1804 2982 2722
Mannose
59 2143 2629 2745
Glucose
sle (S0 1340 2296 2724
Deoxymannose
2 Jyere jobay a5 adl Sel5 Jles 5l i Gl B S A

5 Agrobacterium -l cuS glalae
YW oolatwl (el S o lailinl el gwo
9 Wl oguge johaieds 1) jeile Gaid Hled (195 oo plpli
S5 5l VIrD2 VB2 lis e ooy ole

o,

&l el

5 coles Ggaio Jbo slotis )l alewgopas
odimgs (hRsh b szl e jsaS ol Kaegs,
Sedge (1098 5 S Alie ol Jyiams

Yv#

3l Cdlad (g pSoslail 5 Gaios onl @l (el

g VirBz:lacZ latsle jo g laesYE-B
sl L eudiee bls)l w5 e a5 virDailacZ
S o dlgiiny ,lo |, VIrD2 g VIrBz slagys ysegy
51 o= A tumefaciens il lew slogys sl sy
LSl asmr oloy U (oing) o255 al>p
e Olyea ele ud Jles Sl ((BLS slaaises
O gl Ygag 8o O ke b oS 5 50 ()5
b ol comw jlod ool 0gd colainl ciS e jo

a>19) YAAYNA lieds 5lag;eSVE-B w5l colled



\Yarg ).ul.l /ﬁ}w a)Lo.J:: /Mﬂ) 0,99 [ UM ])LQ)L'“"“ 6Lmu) );5.43); L;LAJ‘ S J.AB 9 UJ)S é;L.A )‘ oolazwl

References

Allahi, S., Khodaparast, A. and Sohani, M. M. 2014Agrobacterium-mediated transformation of
Indica rice: A non-tissue culture approadnternational Journal of Agriculture Innovations
and Research3 (2): 2319-1473.

Baker, C. J., Mock, N. M., Whitaker, B. D., Roberts D. P., Rice, C. P., Deahl, K. L. and
Sver'yanov, A. A. 2005. Involvement of acetosyringone in plant-pathogercogaition.
Biochemical and Biophysical Research Communicatior328: 130-136.

Beattie, G. A. and Lindow, S. E. 1995The secret life of foliar bacterial pathogens eaves.
Annual Review of Phytopathology33: 145-172.

Bulgakov, V. P., Kiselev, K. V., Yakovlev, K. V., Auravlev, Y. N., Gontcharov, A. A. and
Odintsova, N. A 2006. Agrobacterium-mediated transformation of sea urchin embryos.
Biotechnology Journall: 454-461.

Cangelosi, G. A., Ankenbauer, R. G. and Nester, BV. 1990. Sugars induce thAgrobacterium
virulence genes through a periplasmic binding pnotend a transmembrane signal protein.
Proceedings of the National Academy of Sciencestbe USA87: 6708-6712.

Christie, P. J. and Vogel, J. P. 2000Bacterial type IV secretion: Conjugation systerdaped to
deliver effector molecules to host cellsends in Microbiology 8: 354-360.

Cornish, A., Greenwood, J. A. and Jones C. W. 198Binding protein-dependent sugar transport by
Agrobacterium radiobacter and A. tumefaciens grown in continuous culturdournal of General
Microbiology 135: 3001-3013.

De Groot, M. J. A., Bundock, P., Hooykaas, P. J. Jand Beijersbergen, A. G. M. 1998.
Agrobacterium tumefaciens-mediated transformation of filamentous funigature Biotechnology
16: 839-842.

Dixon, R. A. and Paiva, N. L. 1995Stress-induced phenylpropanoid metaboligime Plant Cell
7:1085-1097.

Douglas, C. J., Halperin, W. and Nester, E. W. 1982grobacterium tumefaciens mutants affected
in attachment to plants celBacteriology Journal 152: 1265-1269.

Douglas, C. J. 1996 Phenylpropanoid metabolism and lignin biosynthefism weeds to trees.
Trends in Plant Sciencel: 171-178.

Gelvin, S. B. 2003.Agrobacterium-mediated plant transformation: The biology behthd “gene-
jockeying” tool.Microbiology and Molecular Biology Review67: 16-37.

Gelvin, S. B. 2006Agrobacterium virulence gene induction iAgrobacterium protocols Methods in
Molecular Biology 343: 77-84.

Gelvin, S. B. 2012Traversing the cellAgrobacterium T-DNA's journey to the host genonferont
Plant Science3: 52.

Gheysen, G., Angenon, G. and Van Montagu, M. 1998Agrobacterium-mediated plant
transformation: A scientificallyntriguing story with significant applications. lhindsey K. (Ed.).
Transgenic plant research®2d. Harwood Academic Publishers, Amsterdam, Ththédkands.
pp: 1-33.

Hamilton, C. M., Frary, C., Lewis, C. and Tanksley,S. D. 1996.Stable transfer of intact high
molecular weight DNA into planthromosomesProceedings of the National Academy of
Sciences of the USA3 (18): 9975 -9979.

Harighi, B. 2009. Genetic evidence for CheB-and CheR-dependent dagimosystem inA.
tumefaciens toward acetosyringon&licrobiological Research164 (6): 634-641.

Ishida, Y., Hiei, Y. and Komari, T. 2007.Agrobacterium mediatedransformation of maizéNature
Protocol 2 (7): 1614-1621.

Joubert, P., Sangwan, R. S., Aouad, M. E., Beauper®. and Sangwan-Norreel, B. S. 1995.
Influence of phenolic compounds @&wgrobacterium vir gene induction and onion gene transfer.
Phytochemistry 40: 1623-1628.

Kunik, T., Tzfira, T., Kapulnik, Y., Gafni, Y., Din gwall, C. and Citovsky, V. 2001.Genetic
transformation of HelLa cells bygrobacterium. Proceedings of the National Academy of
Sciences of th&JSA 98: 1871-1876.

Lemaire, K., Van de Velde, S., Van Dijck, P. and Tavelein, J. M., 2004Glucose and sucrose act
as agonist and mannose as antagonist ligands & {®tein-coupled recept@prl in the yeast
Saccharomyces cerevisiae. Molecular Cell 16 (2): 293-299.

Yvy



\yas ).ul.v [ gus e)Lo.(;} [t 0,90 [ode slagss ‘_,\)Liam 9 oa‘)u’_n.a

McCullen, C. A. and Binns, A. N. 2006 Agrobacterium tumefaciens and plant cell interactions and
activities required for interkingdom macromolecuteansfer. The Annual Review of Cell and
Developmental Biology22: 101-127.

Miller, J. 1972. Experiments in molecular genetics. Cold Spring kddarLaboratory, NewYourk.
pp: 352-355.

Narasimhulu, S. B., Deng, X., Sarria, R. and GelvinS. B. 1996.Early transcription of
Agrobacterium T-DNA genes in tabacco and maiZée Plant Cell 8: 873-886.

Opabode, J. T. 2006.Agrobacterium-mediated transformation of plants: Emergifagtors that
influence efficiencyBiotechnology and Molecular Biology Reviewl: 12-20.

Pitzschke, A. and Hirt, H. 2010.New insights into an old storyAgrobacterium-induced tumor
formation in plants by plant transformatiofEuropean Molecular Biology Organization
(EMBO) Journal 29: 1021-1032.

Sohani, M. M., Rezadoost, M. H., Zamani, A. H., Miraii, M. R. and Afsharifar, A. R. 2015.High
efficiency Agraobacterium-mediated transformation of sour orandétfus aurantium L.) using
gene encoding Citrus Tristeza virus coat protéinrnal of Applied Horticulture 17: 109-114.

Stachel, S. E., Timmerman, B. and Zambryski, P. 198 Activation of Agrobacterium tumefaciens
vir gene expression generates multiple single-dednT-strand molecules from the pTiA6 T-
region: Requirement for’5virD gene productsEuropean Molecular Biology Organization
(EMBO) Journal 6 (4): 857-863.

Stachel, S. E., Messens, E., Van Montagu, M. and @éryski, P. C. 1985.Identification of the
signal molecules produced by wounded plant cels dglativate T-DNA transfer iAgrobacterium
tumefaciens. Nature Journal 318: 624-629.

Stachel, S. E. and Zambryski, P. C. 198&irA and virG control the plant induced activatiohthe
T-DNA transfer process @grobacterium tumefaciens. Cell Journal 46: 325-333.

Tzfira, T. and Citovsky, V. 2006.Agrobacterium-mediated genetic transformation of plants: Biology
and BiotechnologyCurrent Opinion in Biotechnology 17: 147-154.

Vernade, D., Estrella, A. H.,, Wang, K. and Van Monagu, M. 1998. Glycine betaine allows
enhanced induction of thagrobacterium tumefaciens vir genes by Acetosyringone at low pH.
Journal of Bacteriology 170: 5822-5829.

Winans, S. C., Mantis, N. J., Chen, C. Y., Chang,.GH. and Han, D. C. 1994Host recognition by
the VirA, VirG two-component regulatory proteins ofRgrobacterium tumefaciens.
Microbiological Researchl45: 461-473.

Wise, A. A., Voinov, L. and Binns, A. N. 2005.Intersubunit complementation of sugar signal
transduction in VirA heterodimers and posttranela regulation of VirA activity in
Agrobacterium tumefaciens. Journal of Bacteriology 187: 213-223.

Ziemienowicz, A. 2001 0dyssey ofagrobacterium T-DNA. Acta Biochemica Polinica48: 623-635.

YYA



@ Cereal Research

' Vol. 7, No. 3, Automn 2017 (369-379)
University of Guilan

Faculty of Agricultural
Sciences

The use of carbon and phenol sources in the mediufor optimal induction
of virulence genes promoter inAgrobacterium tumefaciens

Mohammad Sadegh Taghizadeh Mohammad Mehdi Sohant” and Reza Shirzadian
Khorramabad?

Received: July 5, 2016 Accepted: April 4, 2017

Abstract

The virulence genes (vir) &grobacterium tumefaciens induces by many factors such as specific
plant phenolic metabolites and sugars. A numberthase factors act synergistically with
acetosyringone and causing high expression levels genes. In present research, the induction of
virB2 and virD2 gene promoters, were investigated A348 (MX311) and A348 (MX243)
Agrobacterium variants, respectively. The promseguences from these vir genes have been fused
with a promoterless lacZ gene in a cassettes carin3. A three-day culture of Agrobacterium was
performed, which was included a vegetative growttoived by an induction step. Sugar treatment of
glucose, mannose and deoxymannose were used inir@ib with different concentrations of
acetosyringone in the two biological and three néwdl replications. According to the results, the
highest activity of p-galactosidase enzyme attained when the mannossugdr was used in
combination with 50 pM acetosyringone for bactes#dain carrying virB2::lacZ construct. The
mannose of sugar treatment in combination with 1®Dacetosyringone treatment, for bacterial strain
carrying virD2:: lacZ, induced the highest enzymgivity. The monosaccharides in order of
descending vir::slacZ activity in the absence oftesgringone: glucose > mannose > deoxymannose.
According to our observations, we suggested thatfannose of sugar treatment with 100 uM
acetosyringone could be utilized for obtaining strdnduction of Agrobacterium vir genes in an
induction medium.
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