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Abstract

Rhizomania is one of the most important Sugar beet
diseases throughout the world. The disease is caused by beet
necrotic yellow vein virus (BNYVV). The Polymyxa betae
(Keskin) is the only natural transmitting agent of the disease
between the plants. The fungus is an obligate parasite and
could not be cultured in the media, then detection of fungus is
done normally by microscopic observation. In order to
facilitate detection process, present study is done to develop
specific antibodies against this fungus by applying
recombinant protein. The Glutathione-S-transferase (GST) as a
specific immunogenic protein is a critical enzyme expressed in
zoospores, sporangia and resting spores and could be a good
candidate to develop a serological test for P. betae. For this
aim, the DNA region encoding fungal GST gene was isolated
and cloned into pET28a bacterial expression vector. Large
scale expression of the recombinant protein was performed in
Escherichia coli (Migula). Purification was carried out by
applying immobilized metal affinity chromatography under
native conditions. The purified recombinant GST protein was
used for immunization of rabbit. Purification of
immunoglobulin was performed by affinity chromatography
using protein A column. The purified antibodies were applied

for efficient detection of infected plant in serological assays.
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1. Beet necrotic yellow vein virus
2. Beet soil born virus

3. Beet soil born mosaic virus

4. Beet virus Q
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Query 1 TCGEGACCAAGGTCAATGCCTTCGAGGCCGACATCAGAGAGCACAAGGTCGCGACCGGEC 60
PRRREr ettt annnne g iianniiiii
Ghjcc 1 TCGGGACCAAGGTCAATGCCTTC GAGGCCGACATCAGAGAGCACAAGGTCGCGACCGGCC &0
Query ol CLAACALGGOCAMGGACTTCTATGCTATCAACCCGAAGGGLAACGTCCCTGTCGTTGTCA 120
FELRREER RN e et i e i iiiininniiil
Sbict 61 CCARCALGGECARGGACTTCTATGCTATCAACCCCGAAGGGGAACGTCCCTGTCGTTGTCA 120

Query 121 TCGATGGCACCACCGTCTTGAAT CAARACGCCGCCACTCTGCAATGEATCGCCGACCAGA 180

N RN N NN AN AR
Sbjecr 121 TCOGATGGCACCACCGTCTTGAATGAAAARCGCCGCCACTCTGCAATCRATCGCCGACCAGA 180

Query 181 ACCCGGCTTCCGRACTCGCCCCTGCTAATGGCACTCCTGAACGCTATTTGTTOGCAGTCTA 240
PRRREE TRttt rinnriiil
Sbject 181 ACCCGGCTTCCGAACTCGCCCCTGCTAATGLCACTCCTGAACGCTATTIGTTIGCAGTCTA 240

Query 241 AGCTCAGCTATCTGTCGTCTGAAGTTCATGGCTCOTICGHAC--CTTTGTTCCACCCALE 298

TERRE TR e e e ety el rrennnnininl
dbjet 241 AGCTCAGCTATCTGTCGTCTGAAGTTCATGGCTCGTICGRACCTCTTAGTTCGACCCAAC 300

Query 299 TICT-CACGACGRAGTCAAGARATTCTGCTTGAATCGLATTAAGTTGAAGTTCGACTTTE 357

PRRE e e e rneritil
Sbjet 301 TTCTCCACGACGAAGTCAAGAAATTCTGCTTGAATCGGATTAAGTTGARGTTCGACTTTC 360

R T T
dbject 361 TGTCCAAGGAAGAGCTTCGCAACGGAAGCAAGAAGTATCTGCTTGGCALCAAGTTCACCG 420

e LU T
|
dbjct 421 TCGCCGACTCGTACCTATACATCATCCTGTCTTGOTGCAAGTACGTCGGCGTTGACTTGS 480

Query 478 CTGACTACCCGGTCCTGAAGARATACTACGAAGACATTGCCGCTCTGGACTTCGTCAAGE 537
PRRRRT T Ryl
Sbjct 481 CTGACTACCCGGTCCTGAAGARATACTACGAAGACATTGCCGCTCTGGACTTCGTCARGC 540

Query 538 AGGCTCACGCTGCCATGGCTGCAGCCGGTCCAAAATAR 575
PRRRD LTIt
dbjct 541 AGGCTCACGCTGCCATGGCTGCAGCCGOTCCAMARTAN 576

P.betae Jlpl &las GST sussilSy g5 (g5lwcadyon =Y S5
NCBI (5 <OL AT132355.1 o jless aylis b



WA e 9 5l pgw oyl pgd JUo (o5 QLS (6ygldcumsj (ctingly - (ools alore A

il_xcmiiuinoovuo ii giutathione-s-TLanSLerase |rolvayxa betas]

--uw,w. - -

P AEM L e IAY AL e e A 1Anm

WL o AL M. 2 menm Y mamdmeeda: o Al..—a

..
nJuUl.C = WP MiAwd (A hnpchu T AR Adw, LT wiVd. uumpuﬂa.ua.uuua. WALLiA Qi juo v

Trlonr1f-1ao - IR(IIOI {01.{\ Dncnr1unc
=E==vE TP

AN DD AN TADIIIAMA NI AT YL TITATYAITINIIIITR ATVYT 1ITITL LMY ATYT AN ALY

IRRIIOI fQ'}’\ I"nha - lllOl fl’\

uu:i-x -~ Ull\Yl‘ﬂl Hﬂﬂ&l\l‘lu\'ﬂlul l‘l\Ul\Hl Aﬂd.l‘b A\Ul"l Y Y YJ.UUL A vuuunnnnuuw;nyun
CTUVNAFEANTREHEVAT wpm_mlgg.mrg.

AD1CL 1
ouerv nil

H.Uhllml. CuNDADLDG Ul u
Chanr A1 DASFLADANATDRDVI LAY QYL ccnmr'qrrm SUTATY u'nmnml:'m MDTULVFDFL 120
Shior £ LLOSKLEVLGSFVHCARCPLESTALLED JFCINE 120

\_ _/

s msess 1Aa0 10
NUWCLY Alw AtT

DIAALDFVKG 180

P. betae | alss GST (capmlool I3 (gilocis on =Y JSi
NCBI 5 <3l AJ132355.1 o e 4ol U

o) Mgi §3L T jle S g (o2l

b o b oo (255 50 (ol
us)g‘.).g‘ G ygeo GST puS))y o9y )‘ odlasiwl
Jlre » xS0 bl she pms ca
hpdy Oypo glisedl o jlan g S e
pxl b oliiel dope > (obsl le
el (32)5 j1 UB) e pyw dged b duslie
UV slacdy g jokaio cpl glp )8
CublB g 030,85 dpd o3 paw I VVEVIFY C6,
«eS s GST ceogyo 5 (1 b ] (Sisds iy
oAl 235 oy syt 1] s 5
i3 eyl e plsiear 1) Wil o5l b
o layiles ol wyge cpl 0 b i8S
IS Gged plp V5l i S8l b,y 15
prosl s a3l (B35 5 U8 0s> ) (e
(DJSE)05,5 ponnd Vihe o v dgds 13 sdelcanday
(530 1 5 s

SSslgs by b bl sileall
L;)Afl; A o9y )l odlasiwl L 9 uJJLu

M 1 2

66 kDa—>

25kDa—>

§) alols (SDS-PAGE) (353, 55090 ¥ IS
obje » GST wuSpg oufign  lepals
b8k by » GST S g (g -2l ySL
s 4 Jate cuSpy olign 9 oS ol
25 oAl (bl (BSeleg)S (o) b cpditens
oA oeign ¥ S g GST Lals gy )

ugpySile M ojlulinl lgeas BSA
PageRuler™ Unstained Protein Ladder
(Fermentas, Germany)



q AU{AL;I)) wf):y (595 6)5]5.\;3 )I oolaswl uI)KAJb9.)‘}:)M

9 Saw didy & by edbslS YO anl (Zhang et al. Staphylococcus aureus
why & baye ogdls 5hS 00 anlb (6% 01 (g3l all (ool Bl chyply &) 1999)
(5 JS8) 23,5 oanliio ¢S o 8l g3 ad S8 ael b ST J5 9y 2

4.5
4

- —
3 N

2.5 AN
5 N

1.5 AN

1 N

\

0.5 —

Vo> @ PG %
& & &S N

(3 © ©
R © >
) A 2] Q

—— 35 Pl Gis s

—e— 0P Tl Y o 5

B2y 3 b g5 B

O90)) 5 odlatul b GST Lawgs osd olj deal (5655 5l odelcunday lailuwen s> (oL 51 jbe puni -0 S5
DVY (slacis, gy b odlisl [l slacSaly ools jidss sly (Ve /M) GST (s 555 (s ouiians s Y]
4 @bl il Sl gl 0,5 5l B 08 e Oizped 5 03 2ljstel SlaisS 5 5l Aol gy WWN-YY b
ol (ol Lot ypis 3 g (B0 0+ €8)) GAR™ (o3 il Lawgs oud b (slagsal gl 35 oalisal (5

Ldpdy o Sl Sl g yiegl Y00 zoe Job 53 (6)58 da oliwd bawgs 3] [2STy (uiles aind

Ab M

50kDa —>

25kDa—>

Jlaial g polars] slaob il gyl (55 py A iBign (g bwg oAb Al sl gigel -5 U
Silopall Como g ogl S ol A gy sl o Gy 2 ol Gl 5 oS isel
OSon Sole MRl dsislSsisenl Ab .85 )8 (w)y 3)50 SDS-PAGE ;589 25Ul (59) 2 (529 53501

PageRuler™ Unstained Protein Ladder (Fermentas, Germany)



WAY (o] g 50k pow 0jloud pgd Jlo (2l)) (LS ()gldcumj (gl - (sols dlome Ve

) gl ola )3 3290 Syiglses 0518
el sl jgnl 9 po3ligesl Gopgs Jed
S dlge gy Jlode 35 998 igigel &5
Mgl ol ks gl wbe ans
(Mutasa-Gottgens et al. 2000)
GST Sys ofisn G ol
ol sl g el P. betae z )5  olass]
ol )5 )8 oolatwl 5y50 )6 ade  olaidl
3 g Lol awlie g Goly e
deo9 5l S (ace. nr. Aj132355.1) 55k
il o yoSde (AeilSy Aol 0 Bl due dw
Ve looylad (sladlgizel 3 S 4 e oS
b alis 2gg 3l S ls cpl .l 032,50
h dbgrye slaalia > 465 (ul GST lagj
Jdoas GST &gy 50 ololyd alis o9 )b
Oon ol e eadclibbre (sl e
5 Lo on ol » oSen ol il
2 bl sla i@ glyld 5 o)l dgzg lacug Wy

b Jobe 09 2hiee ey
(Udomsinprasert et al. 2005; Asher and
Kerr, 1996)

@b ySL Glise 33 GST S 598 g n o)l

4 e JS6 st jl edlizul b )] (gile B g
P S el pals g )8 e VMg
Wl feSS 1 e ol B9n cgw,
dl)b) Oy O,g] 51 edlas! Y djlwua.ll;é-
MWy & e oS5 ol Glp (Caw,
Lis poil 4 dagr b2, S5 YL 5 b (ool

Colls pas g 2lieal Sl 06Son b )
slylos w0yl b I xS slge I edlawl
pH jl eslazwl ¢ Jgjlaes] 51 oolazwl Jud 51 (6,500
ol @) lp oFen i@, 9 Sl
cublB 5l S dob w3 1l s

Cgwy JS Sl plS )3 oligy clale ials

SIS (5,135 aal y90 5]

ool GiSly g polais] sl o
0903l gl (alS (sladiges ade p ord Wy
Sb oseil ol gl 5 sl las) g Sl
SSE5 > oxd Wy (slagerb sl (YL el )
(¥ S 18l so 038)1 j1 pllus digas

1
e
®

Coolaidl laS) gliSabi g0l -V S
LS ladges bl cas ob el oL
oy D90 614 ()38t y905] 5l edlatnl b odg)]
L2 5y 1 029 GBS oyl Ll 45,5 5 156 5
S L o 5 55 (IS4 obo i
e (1) CBlE) i IS 5 4y oo
oSl el s el gl 4 sl
Y PRRCR [ VP W P RSO 0 I PR O P |

8 (i fS8] li Liy e

o

oS ilog e polazsl (ool ol Al oy

oAl olas djglen lag) Jud 5l alS
3932 39l Olgie 4 gyl sladun, b g cél
ce 4 qgolal coshl clag)l 590 > il e
P9Il cuiS b (g9 g Sy Culll pas
Sio Gligml car @l eadals ple
Olyeas P. betae z,8 5y50 > cplply il 0
So e gy BB 5 glal S g8 S
el dge polaBl igesl (Sen
Ml Goare @B NP sl
Se olysar Shawsli- b esbslS e



W g Slp S 59 (e SiPeSS Sl oslital i) Sen g 2135500

(Peschen et al. sl o LS slbglos
.2008; Kingsnorth et al. 2003)

Sl Rl
) ol 9 2955 SiPESSen i
o olpl G5ygliST SiPeSsn eaSiiag,
(S 3y oS Slaid duwhe (LS w99
Glaios duwhe (BLS cwlidjlan i g
S5 JpS Sy byl b a9 gl
5 b Gilwppw g uSly Clided duwde
onl Ul )50 walp (ly s ply oSl

D5 o ()8 g SIS i

REFERENCES

D.))L.uf .)9%9 .W’V() P (PP 9 1 c)yw

ad) by Gy Goles

sglow d>e . w8 > (Rhizomania
Xeom¥eF XY As alS

Abe H, Tamada T (1986) Association of
beet necrotic yellow vein virus with
isolates of Polymyxa betae Keskin.
Ann. Phytopathol. Soc. Jpn. 52: 232-
247.

Asher M, Kerr S (1996) Rhizomania:
progress with resistant varieties,
British Sugar Beet Review, 64:19-22.

Asher MIJC, Chwarszczynska DM,
Leaman M (2002) The evaluation of
rhizomania resistant sugar beet for the
UK. Annals of Applied Biology. 141:

101-109.

Ausubel F, Brent R, Kingstone R (1995)
Current  Protocols in  Molecular
Biology. New York, Wiley
Interscience.

Benov L, Al-Ibraheem J (2002).
Disrupting  Escherichia  coli: A
comparison of methods. Journal of
Biochemistry and Molecular Biology.
35(4): 428-43.

GST Lalls pptiay wles clale clls oyl 55 36,
5 edsley pdidee )3 p S ke IO i 4
clale o dal, (2001) Treuheit ef al.

5 W 8 gy 390 |y gy e 5 o
SIS il o ofigy clle s
Sl il ad 5l gy 900 U |y g
039 slioylas 1 oolizl L Lyd Cas gulis ¢ ,alls
o) eslal el I Sl P. betae )6 «
atle ogl lS lulis ol sl o]
5 oslital bl ge o LbE Clides b

Sl sl We 0 S 58 wen idesS
Jgo slog s ololid joliiet, ol

Biancardi E, Lewellen R, De Biaggi M,
Erichsen AW, Stevanato P (2002) The
origin of rhizomania resistance in
sugar beet. Euphytica. 127: 383-97.

Gharooni Kardani S, Jafarpour B,
Falahati Rastegar M, Tabasinezhad F
(2009) Detection of Polymyxa betae in
sugar beet roots using RT-PCR
method in Razavi Khorasan province.
Journal of Plant Protection. 23:17-24.

Hamilton S, Odili J, Pacifico MD, Wilson
GD, Kupsch JM (2003) Effect of
imidazole on the solubility of a his-
tagged antibody fragment., 22(6):347-
55.

Keskin B (1964) Polymyxa betaen. sp.,
ein Parasit in den Wurzeln von Beta
vulgaris Tournefort, besonders
wihrend der Jugen den twicklung der
Zuckerriibe. Arch. Mikrobiol. 49: 348-
374.

Kingsnorth CS, Asher MJC, Keane GJP,
Chwarszczynska DM, Luterbacher
MC, Mutasa-Gottgens, ES (2003)
Development of a recombinant
antibody ELISA test for the detection
of polymyxabetacand its use in
resistance screening. Plant Pathology.
52: 673-680.

Meunier A, Schmit JF, Stas A, Kutluk N,



WAY (o] g 50k pow 0jloud pgd Jlo (2l)) (LS ()gldcumj (gl - (sols dlome WY

Bragard C (2003) Multiplex reverse
transcription-PCR  for simultaneous
detection of beet necrotic yellow vein
virus, Beet soil borne virus, and Beet
virus Q and their vector Polymyxa
betae on sugar beet. Appl. Environ
Microbiol. 69(4): 2356-60.

Mutasa ES, Chwarszczynska DM, Asher
MIC (1996) Single tube, nested PCR
for the diagnosis of Polymyxa betae
infection in sugar beet roots and
colorimetric analysis of amplified
products. Phytopathology. 86: 493-7.

Mutasa-Gottgens ES, Chwarszczynska D,
Halsey K, Asher MJC (2000) Specific
polyclonal antibodies for the obligate
plant parasite Polymyxa — a targeted
recombinant DNA approach. Plant
Pathology. 49: 276-287.

Peschen D, Li HP, Fischer R, Kreuzaler
F, Liao YC (2004) Fusion proteins
comprising a  Fusarium-specific
antibody linked to antifungal peptides
protect plants against a fungal
pathogen. Nat. Biotechnol. 22: 732—
738.

Putz C, Merdinoglu D, Lemaire O,
Stocky G, Valentin P, Wiedemann S
(1990) Beet necrotic yellow vein
virus. Causal agent of sugar beet
rhizomania, @ Review of Plant
Pathology. 69: 247-254.

Sambrook J, Fritsch EF, Maniatis T
(1996) Molecular Cloning - A
Laboratory Manual. New York: Cold
Spring Harbor Laboratory.

Treuheit MJ, Kosky AA, Brems DN
(2001) Inverse Relationship of Protein
Concentration and  Aggregation.
Pharmaceutical Research. 19:511-516.

Udomsinprasert R, Pongjaroenkit S,
Wongsantichon J, Oakley AJ,
Prapanthadara LA, Wilce MC,
Ketterman AJ (2005) Identification,
characterization and structure of a new
Delta class glutathione transferase

isoenzyme. Biochem. J. 388: 763-71.
Ward E, Adams MJ (1998) Analysis of
ribosomal DNA  sequences of

Polymyxa species and related fungi
and the development of genus- and
species-specific  PCR  primers.
Mycological Research. 102: 965-74.
Yinghai X, Yuzhi H,Yazhong X, Wei F
(2007) Preparation and Application of
Polyclonal  Antibody against a
Recombinant Laccase, Cellular &
Molecular Immunology. 4: 315-317.
Zhang L, Jacobsson K, Strom K,
Lindberg M, Frykberg L (1999)
Staphylococcus aureus expresses a cell
surface protein that binds both IgG
and beta 2-glycoprotein L
Microbiology. 145: 177-183.



