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A B TRACT 

Lect ins are glycoproteins that recognize and bind to, peci fic carbohydrates. hey are involved in a range of 
biological fu nctions, such as plan t def, nee, storage proteins seed germination and plant microbe interactions. 
Lt.:ctin 3.1 (ADg15356) is a protein in plant model, Arabidopsis lhaliano, th t has been shown to be up-regulated 
in all defence pathways e pecia lly in resp n e to methyl ester jasmonale (MJ). All thal was known about the 
gene wa that it had go d homology to the beta domain of legume lectins. That aim of th is project was to 
characterize the lructure nd fu nction of the I ctin protein u ' ing CD spectra and X-ray crystallography. A 
DNA in ertion line for the lectin gene and a number of 35S 0 er-expression li ne that had varying levels of 
expression had been gcn rated. but none of these showed any obviou ph notype. Two pr tein bands were observed 
on oomassie stained SD -PAGE gels in the over-expre sion lines and in MJ induced wild-type (WT) . The two 
protein bands repre ented two isoforms of the lectin 3.1 protein ; in a glyc sylation as ay the larger prote in band 
was shown to be hea ily g lyco ylated . A nematode (M. ill ognita) di ease a ' say djscovered tha t the lectin over
exprcs ion lines had les nematode eogs compared to that of the WT and that the in erti on line bad more 
nematode eggs than the WT. This data pro ide evidence t11at lectin 3. 1 improve. plant res istan e aga inst M. 
incognita infection. interestingly, the nematode gut lining contains fucose with which I cl in 3.1 binds to. 
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L~TRODUCTlO 	 nematodes such as he study on the galling of the 
tomato roots by M. incognita and reducing the 
disea e by soi l application of Concanava lin A Lect in . glycoproteins that bind to sugar 
(Con A) or Limax jlavus agglutinin (Marbanre idues reversibly and specifically, found in 
Mendoza far , 1987). For the past years, details animal, plants and microorganism (Hartmann 
of the ro le of lectin in resistance agai nst M. et al.. 2006). Recent studies revealed that lectins 
incognita were limited . Studies have been done in plants a re essential for protein-protein 
previou lyon mod I plants and it wa u efuJ as it interaction via lectin receptor kinases and RG D 
interacts witl1 a few plant nematodes species ligands (Gouget et al., 2006). In addition. the 
(Sijmon • 199 1; Urwin. 1997). maIU1ose- pecific intracellular lectin located in the 

Lectjn structures from over 80 pecie haveER-Golgi and manno e-pho phatc receptors of 
been characterized to so lve the seco ndarythe P-type lectin family which bind to 
truc ture and tertiary structure in orde r tooligosaccharide ligands, release in the acid ic pH 

determine lectin biological fun ctions. Manyof the lysosome (Sharon & Lis, 2004). 
studies revealed the tructure through circuJar A recent study reported that lectins might 
dichroism (cd) pectrum of lectin indicating 10%function as anti-nematode proteins (Burrow et 
a-helix, 38% a-sheet., 28% unordered form and al., 1998). Experiments have been conducted on 
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6% of proline confonnation (de Oliveira el al., 
2003). Crystal tertiary tructure from Viscum 
album exhibited hexagonal shape of lectin at 1.9 
uthat binill to adenine mimicking RNA substrate 
binding (Krauspenhaar el al., 2002) and at 2.8 U 
showing RNA-glycosidase activity and binds to 
ga lactose specifically (Krau penhaar et al., 
1999). 

However, the stnlcture and functions of 
lectin from A. Ihaliana are nol well 
characterized. Therefore, thi experiment wa 
conducted to olve the protein stnlcture and 
function oflectin-like protein in A. tha/iana. The 
functional tudies compared the perfonnance 
lectin protein from A. tha/iana that bind La various 
types of sugar reo idues and that bad either an 
increase or decrease in gene expre sion oflectin, 
with a wild type control, against M. incognita. 

MATERIAL AND METHODS 

RNA extraction from Arabidopsis thaliana 
Froz n scions were used and grolLnd in liquid 

nitrogen LO extract RNA from th plants . A 
protocol from Prom ega called SV Total RNA 
Isolation System was used, as per the 
manufacturer's instruction . The harvested RNA 
wa used for P R to amplify the DNA. 

Plant transformation 
PCR product were subjected Lo p N 

containing the HindITJ and EcoR I -dige ted 
products and the D35S promoter (see 
manufacturer's protocol) yielding entry clones. 
The resulting construct were tran fanned in 
Agrobacterium tumefaciens using etectroporalion 
method and grown in LB merua. Then A. tha/iana 
flower were dipped in the media containing A. 
lumejaciens . The flowers containing the cloned 
seeds (lectin 0 erexpres ion) with antibiotic 
resistance gen s were grown for 5 weeks. 

Large scale growing of' Arabidopsis with and 
without MJ induction 

Arabidopsis plants were grown in CSIRO 
tab under a day/night regime of 8116 h 
respectively. After 5 weeks the plants without 
MJ induction were harvested for extraction and 
purification. The plants with JAME or MJ 
Uasmonite methyl ester) induction were induced 
5 days before harvesting time (Chen et al .• 2002) . 

SDS/PAGE 
Native gel electr phore is using 12% 

polyacrylamide gels wa carried Ollt in alkaline 
bu ffer system or precast gel electrophore i using 
4-12% NuPage gels (Invitrogen) were al a used 
to determine the molecu lar size of the protein . 

Circular dichroism 
The c.d. reading were taken on a Jasco J

7 [0 recording spectropolarimeter under con tant 
nitrogen flu h. CD spectra were analyzed u ing 
K2D program and compared using Psipred 
program and DSSP program. 

Crystallization screening 
Crystal screening of lectin was carried alit 

using the hanging drop vapor-diffu ion method 
(Hampton Index I. Hampton Index n, Emerald 
Wizard I, Emerald Wizard II and Emera ld 
Biosy terns) at 4°C and room temperature (to 
detennine protein concentration and the cry tal 
conditions of precipitant) . The crystal screening 
and optimization (Mi bra et al., 2004; 2005) were 
carried out for 1-2 weeks before x-ray intensity 
data collecti n done at X-ray crystallography unit 
at Institute of Molecular Bioscienc . UQ. 

Functional Assay 
Harve ting nematode eggs 

The nematode eggs that were u ed in th is 
tudy were from Me/oidogyne incognifa. The 

eggs were harvested from tomato plant at the 
Department of Primary Industries and Fisheries 
(DPI and F). The eggs were then kept at 10-11 °C 
before moculation into the Arabic/opsis root zone. 
The number ofArubidopsi ' plants used was 90 
consi ting of 3 repetitions of 3 treatments with 
10 plants each. The treatments were a wild type 
control, 35S lectin over expressing transgenic 
lines, and lectin in ertion lines . 

Injec{ioll ofArabidops is 
Nematode egg were transferred into the soil 

close to the root system using a pipette. The 
DlUllbers of egg were chosen to provide a good 
infection rate in numbers occuring in normal 
circWllstances; only half the number of th eggs 
hatched. The Arabidopsis that were used were 
two weeks old. 
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Growth conditions ofinfected Arabidopsis 
The Arabidopsis were grown on University 

of California potting mix (UC mix) an the light 
condition of the in ubator w re 8 h of Light from 
10:00 am to 18:00 pm daily. 

Nematode eggs harvest after one life cycle 
The egg were harvest after 6 week of 

infection. The roots were washed in mnning water 
to eliminate ofgrowtb medium and followed by a 
1% sodium hypochlorite (NaCIO) treatment. 

Nematode egg counting 
The nematode eggs were counted under a 

Light micro cope on a 20 line counting lide. The 
ampleswere re-filtered twice to remove exces 

organic material . 

RNA extraction 
Frozen scion were lISed and ground in liquid 

nitrogen to extract RNA from the plants. A 
protocol from Promega called SV Total RNA 

Isolatio n Sy tern was used, as per the 
manufacturer's instructions. The harvested RNA 
was used for real time peR. 

RNA isolalion and cDNA synthesis 
One biological repUcate of total RNA was 

isolated from 100 mg ofArabic/opsis foliar ti sue 
ground up as a large combined prep in liquid 
nitrogen and extracted using the Promega™ SV 
RNA isolation kit. 

Real-Time Quamitative peR conditions and 
anaZ sis 

RT-Q-PCR of the cDNA samples was 
performed at the c hoo l of Mol eular and 
Microbial Siences, The Unjversity of Queensland. 
Analy i was carried out in ABl optical 384-well 
plates using an ABI PRlSM© 7900 HT Sequence 
detection System (Applied Bio ystems). 
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Figure 1. SDS page stained with Coomassie blue showed the double band in Ie tin that was precipitated with 
ammoniwn acetate 
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REs LT AND DI USSION 

Protein overexpre ion from A. fha/iana, as 
described in legume lectin family protein, is 
presented below. In Fig J, the dou ble-band ofthe 
lectin proteins wa h avily glyco ylaled appearing 
in the overexpressing plants (lines 17,20,22,24, 
29) and inja monate-treated Arabidopsis plants 
(Jines 8 and 9). In E. coli (lines E. coli T) tbe 
non-glycosylated form was found in inclusion 
bod ies (not in the o luble fracti on). Line mean 
individual over-expressing 35S transformant and 

I mean fold induction (expression of 35S 
transformant divided by expression ofwi ld type). 
In add ition to Fig 1 SDSfPAGE tained witb 
Coomassie blue hawed the double band in Ie tin 
precipitated with ammonium acetate. This double
band of the lectin proteins wa heavily 
glycosylated appearing in the overexpressing 
plants and in jasmonate-lreated Arabidopsis 
plant . While in E. coli, the non-glycosylated form 
was found in inclusion bodies (not in the soluble 
fraction) . 

CirclIlar dichroism 
Turning into CD pectra experi ments to 

characterize ccondary structure of this protein, 
we ob erved that lectin from Arabidopsis plants 
without MJ induction (Fig 2) showed correct 
folding protein with CD values of 6% a-he lix, 
44% a-sheet and 50% random coil that values 
were in the range ofPsiPred and D SP structure 
prediction (5.5-7% a-helix , 43-44% a-sheet and 
49-51.5% I11ndom coil). 

CD spectril for ArOlbidopc;js plilnt without 
JAME 
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Figure 2. 0 spectra of lectin protein from 
Arabidopsis plant without lAME (MJ) 
induction showed 6% of a-helix. 44% 
of a-sheet and 50% of random coil 

Crystallisation 
In Fig 3, each cry tal was at least I mm 

long and the size and shape ofpolyhedral rysla is 
from batch Lo batch one of them is Arabidopsis 
crystal with no diffract ion and others are salt 
crystals. Moreovcr, as can be shown in Fig 3, 
Arabidopsis lectin crystals that were grown for 
1week at cold room (4°C) by the vapor diffusion 
technique, had at least 1 rnm long of polyhedral 
shape of c rystals. One of the crystals was 
Arabidopsis lectin crystal w ith no difIraction and 
could no t be vi ' ua lized in X -ray diffraction 
because i t was neither salt nor pro tei n . 
p resumably due to high abun dance of ugar 
re idues attached to the glycosylation sites of 
protein, w hile the other crystals werc all. 
10 refore, it is important for future experiments 
to have pure protein using carbohydrate affinity 
chromatography, PGNase enzyme to cleave the 
sugar residues that attached to N-glycos lation 
sites of the protein and op tim ize the be t 
condition of precipitants to grow lec tin cry tats 
as wcll as rapid detection to identify between salt 
crystal and protein crystal (such as IZIT crystal 
dye from Hampton). prior to X-ray 
crystaUography or u e ano ther approach u ing 
NMR which is better to determine p rotein 
structure with high pI (lectin ha pi = 8.00). 

Figure 3. 	 Arabidopsis lectin crystals grown for 1 
week at cold room (4°(,) by the apor 
diffusion technique 
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Tertiary structure prediction 
Taken into togeth r, we perfonn d structuTe 

prediction, as hown in Fig 4. tertiary . tr ucture 
prediction obtained from Swiss model and DSSP 
howed 7 major ~ -strands (7% of ~-shcct) and 

44% of a-he lix and 49% of ran om co il. 
Moreover, we found that tertiary s t ructure 
prediction viewed by Swiss model and WebLab 
Viewer Lite showed surface cbargc of lectin 
protein (blue areas for positive harge red areas 
for negati charg). Thes pos itive charges 
bo und to cation excbange cb rom nto rap hy 
(negat ive cbarge MonoS column). These po itive 
charge Sllrfaces were the active siles that bound 
to calion exchange chromatography. Furthem1ore, 
the binding pockets tba t was in the midd le of the 
structure where ~-sheets located may recognize 
ugar residues specifically at the configuration 

of hydroxyl at single carbon atoms (C-2 and/or 
C-4). 

Figure 4. ertiary . tructure prediction showed from 
Swis model and DSSP showing 7 major 

~-s l rands (7% of ~- sheet) and 44% of 0.

helix and 49% of random coil 

Functional assay of nematocidal eff ects in 
Arabidopsis plam overexpressing leelin 

The data in Figs. 5, 6 and 7 showed that the 
wild type Arabidopsis had the least res i tance and 
Ie tin in ert ion line had expre sed less resistance 
again t M. incognita and 3 5S lectin 
overexpression line had the mo t resistance 
against M. incognita. Moreo er, with lectin 2 and 
4, the lec tin insert ion had a h igher re lative 
abundance to wild type compared to 35S. 

This might be due to the compensation of 
the lectin expression on lectin 3.1, while lec ti n 
insert ion showed little differen e in the relative 
abundance to wi ld Lype. T he e studies concluded 
that th lect in protein does have th potent ial to 
inh ib it nematode infection from Fig. 5 because 
the P value was not ignificanl compared to the 
other two P values (Figs . 6 and 7), might be due 
to the sam ples size. There were some m issi ng 
values from the data. Tberefore that contributes 
to the error ( 'hown on the error bar). Taken into 
account, the data howed that lectin provided 
resi tance against M incognita, therefore, uture 
e periment hould be done by des igning stronger 
35S con tru t to reduce the infection, using 'andy 
mix Lo remove more of the peat moss that would 
improve the accuracy of th e egg coun t and 
providing the nematode's choice of plants. ln Fig 
8, lec tin 3. 1 with 35S wa~ relative abundance of 
lectin D A expre sion to w ild type. that is, 57 
times higher that lee till in ertion. 
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Figu re 5. Com pari on between the average numbers 
of egg produced by M. incognita 0 0 

Arabido{Jsis wild type, 35S and in erlioo 
lin in Rep I (P=O.3654) 
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Figu re 6. The data in Rep 2 (P=O.0064) showed that 
the lectin insertio n I ine had the leas t 
res i lance as we l l as w ild type 
Ar d,idops is and 35S lect in 
overexpress ion line had expre sed the 
most re i ·tance against M. incognita 
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Figure 7. The data in Rep 3 (P<O.OOOI) . howed that 
the lec tin insen io n lin bad th leas t 
res istan ce an d 3 5S had expr c sed 
re istance again ,t M. in 'ognita and wi ld 
type Arahidopsis ha ll a l 0 r s is tan ce 
aga inst M. incognita 

Figure 8. The data revealed 35S lectin overexpression 
)jne 3, I had 57 times theamOlmt ofiectin 
expression compared to Lecti n in. ertion 
(relative abundance measured by RT
PCR). While lectin line 2 and 4, and 
the lectin insert ion had a higher relative 
abundance to wild type compared to 
35S. Here, we intended to investigate 
the functional study of lectin in plant 

in£ ted n matodes 
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