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First evidence for improved resistance to fire blight in transgenic
pear expressing the artacin I gene from Hyaiapham cecropia
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Albetract

Fire blipht, cansed by Erwtniz omplesora, is he most imporian bacieesal dseass of pear (Pyras comumimis L) Attacin B, = lytic
proiem ongmating fom Hyalsphora secroie, has been previously reporied to be actve againgt £, anplsoors in transpouic apshks,
Inlzprution of the atfacin E gone under contrel of & derivative of 1he constitntive promoler Celd P3R5 was accomphished wsing &
trangfarmation protocol developed for several poar cultivars. The infepration was checked by polyussrsss chain reacion {IMCE)
for 11 lines of the cultivar Pare Crasmne. BExprezsion was detenmingd is e vitre plantlets. The differeness in tansoription lovel:
among fines revealed by comparative noverse trunscription PCR costelated very well with the differcaces in atlacin B seoumulatizn
oitaerved by Western blot analysis. Fire hlight inocalations were porformed m vitre on all transgeic Enes. A signafcsnt reduction
ol symploms wes ebserved [or 300 nes, in comparison with the susceplible control Pases Crasanne. € 1999 Published by Elsevies

Soenoe Irclanad L. All mphls reaved.
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1. Iniroduciion

Fire blight is a major disease of the European
pear (Pyrus comsmuwrls 1.} and other members of
the Rosaceae family, caused by the necrotic bac-
terium  Frwings amploverg. It iz responsible for
senious production losses in Burepe and North
Amenca. Conventional beeeding requires a long
time and causss recombination m the peoome,
which hampers the selection of high—quality com-
mercial cultivars, Genetic transformation, which
preserves the peoetic background of the trans-
formed coltivar, offers an attmactive allernative
method for the introduection of penes conferring
remslance into specific vaneties of vepestabively

* Corprponcking, muther. Preeest aldece: Deparssest of Plasd
Patholopy, Comell Umivarily, Genevs, MY 13456, TIRA

' Present pddrors ENEA Cazaccn-S.0020.301, via Anguiliares,
CO0GT 5. Maria & Galeria (Roma), Maby.

propagated species. An eflicicat regencration sys-
tem for pear is available [1] and transgenic plants
have recently been obtained from pear cultivars
[2].

Many noo-plant Iytic proteins with antibacterial
effects have been identified 3] Among these, pep-
tides seereted into the hasmolymph of pupas of
the Ceeropia moth (Hyalophora cecropia} i ome-
sponse 1o bacterizal infection have been extemsively
studied [4]. Besides the cecropins, a family of small
basic proteins [5], and lysozymes, 2 group of ubig-
vitous cnzymes [6], the attacing represent the
largest  antibuclerial  proteins  konown i@
hasmolymph (MW = 20 kDa). Six attacing were
isplated [7] and displayed antbactedal activity
directed against the ouler membrane of Hs-
cherichin coli, alfecting permeability [8]. Synthesis
of the outer membrane proteins has also been
reparted to be inhibited [9,10]. A possible synergy

QIGEQASTENS - e Gl emeler © 1999 Pablibe! by Elsvier Schence breland L3 ATl rights reerved.

PIE; S0 1 SE-0452 {23 )00130-F



24 P Repmaied el ol f Plosd Sdieece F4T (19095 22-31

between attacin, cocropin and Dysocyme bas been
suppested [8] beeanse of the complementary mode
of action of these three proteing apainst baclerial
membranes. Minmmum inhibitory conceniration
(MIC) of attacm E agamst differcnt straing of E,
cali was & pM [8], whersas coly 1 pM or less of
cecroping was lethal [4], While MICs of cecropims
have boen determined apamst a vanety of phyto-
pathopmic bacteria [11], to our mowledpe, no
imformation 15 avallabl: about the activity of
attacin E agzinst plant pathopens.

Intraduction of antibacterial protein geocs from
msects (o enhance plant resstance was previously
suggested by Jaynes et al. [12] and Castesls et al,
[13]. In particular, exprossion of cecropin B penc
and syathetic analopees has been widely analyeed,
Although enhancsd resistance 1o bacleria was e
ported m some cases [11,14], sasceptibility was not
modified in others [15,16]. Depradation of -
cropins by intercellular fluids (IF) [16—18] conld
expluin the lzck of resistance, In comparison with
ceeroping, nothing i koown aboul activity of
attacing and their stability in planta or m 1F. The
st transgenic planls cxpressng the artacin &
peme, driven by the potalo protemass mhabitor 11
[14] or by the CaMF35Y promoter [19], were
obtained from apple rootstock and displayed en-
hanced resistance to fire blight [20]. In this report,
we describe for the first time the successial Lrans-
formation of pear with the atizcin E pene and its
expression n transpenic lines.

i G Ewos D COWEIL g o iz (1.7

[3g. 1. Schematic representation of aftacie Fconstruct weed is
iremaformation experiments with pPM300L The extermal me-
gion 1o the T-DMNA borders iz identical to thet of pEATIN0,
Composenis ane repreacated by boges. RE and LE, right and
lell banders; Ca2M F35F, dervalive ol the casBlower moszic
virus promolor condaining & tandem duplication of 251 bp of
upsimeam sequcences; phos and tMNos, promeder and termine-
tien sigrel respectively of the nopefine synthase goas; apild,
coding region of ihe neomycinpbospholmmsferase  proc
(kanamycn renstanec); Wi, lormmalion signal af the oo
lopine synthase gene.

1, Miaterials and methods

21 Plant ruteriol

The Pzsse Crassane (PC) eultivar was chosen
for transformation experiments because of its high
susceptibility to fire Blight. For the in witro fire
blight remistance test, the resistant ¢v, Old Home
{OI) znd non-transformed PC were osed as con-
trols. Shoots wers propagated 1 vilre as previ-
ously reported [1].

23 Plesmtld sonvtructions

Two binary exprission vectors, pFAJIH and
prEMIEZ, were used: pFATIG [21] containad an
apill-based  expression casselle  as  selectable
marker and a wid A-intron expression casscitc ob-
taied as a 3 kbp HindlIT frepment from p3ss
GUS INT [22], adjacent to the right border;
pFM3HZ denved from pFAJMH0 by replacoment
of the yidd -miron cassette by an alfacin B expres-
sion casseite excised from pLDBLIZ3] as a
Hirndlll fragment, containing the oitacin £ gene
[12] driven by a dedvadve of the cauliflower mo-
spic virps prometer (Ca2MP35Y) containimg a
tandem duplication of 250 bp of upstream se-
quence [24] and the nopaline synthase transerp-
tional terminator seqoence (Fig. 1). The binary
veetors were transferred by electroporation 0. su-
pervirnlent Agrobacterium tumefaciens stram EHA
101 [25].

23, Tronsformation cxperiments grd propagation
of transgenic lines

Five hundred Tully expamded leaves were cxcised
from shoots 2 weeks after subeulture: and transfor-
mation experments were carriod out as proviously
reported [2], using 4. fumgfaoicrs sirain EHATO]
contaming either pFM3002 or pFAJIH. Trans-
gemic shoots were subculiured on basal medium
with kanamycin (100 mg/l) as selective agent, then
rooted as described in [2].

24 FEaidence af trargforsiation

DMA tsolation from leaves of in vitro shoots
and polymerase chain reaction {PCR) expermmenis
were carried oul as previously described [21. In
order to check the presence of artacie E or widd
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gene, specific promers were designed:  5-CT-
TACGCTCAACTCCOGATG-3 (forward) and 5'-
AATCOCGAAGTTAGGCTOCC-3 (reverss) for
amphficaton of a 530 bp (ragmeni in arrgcin B
gene, SGGTGGGAAAGCGOGTTACAAG-Y
fforward) apd S-GITTACGCGTTGCTTO-
CGOCA-Y (reverse) for amplification of a 1.2 kb
frapment in widd gene. Anncaling was perfommed
at FE°C.

2.5 Conteod of the ploidy level

Ploidy kevel in the transpenic lings and control
was estimated by flow owtometry, Mudei were
isolated from leaves by manual chopping with 2
razor blade divectly into Brown ef al, bDaefler [24]
with 2 % 46 diaming 2 phenyl indole dihy-

drochlorode (Chemimex), then Gliersd throwgh a 4

jum: mvlon mesh and analvsed with a cytometer
{Cell analyzer IT; Partec, Germany). Pea beaf nu-
cled were used as internal reference.

26 Deiermination of expression levels

2.6.1. BNA extraciion, Northern aralpsis ard
semi-quanlitaiive reverse franscripiion PCR
aimad yEis

Total RMA (50-100 pg) was extracted as de-
scribed by Verwoerd et al. [27] from 0.5 g of
young leaves excised from in vitro shoots, Purifica-
ton was achicved by addition of 2-buloxycthanal
m order to precipitats polysaccharides [28],

For Northern blot analysis, 10 pg of total RNA
were denatured and separated by dectrophoresis
on a 12% agaroeseifommmldehyde pel in MOPS
buffer, then transferred (o Hybood™LN nylon
membranes (Amersham, UK} as descrbed by
Sambrook of 2l [29]. Filter was prehybndized for
2 h then hybrdized overmipht at 50°C m sodium
dodecyl sulfate (SD5)-formamide buffer [30], with
50 ng of an affacin E DNA probe. dttacin E DINA
was obtained by dipestion of pFM3HZ with
HindIIl, then ®P-labelled with the ‘Ready to go’
kit (Pharmacia), purified on TE MIDI Sclect-D
G-#1 columns (5-3" Inc., TISA) After hybridiza-
tion, the filter was washed according to manufag-
turer’s recommendations and finally exposed for 4
days on X-OMAT™ film with one mtsnsifying
sereen af — P,

Beverse transeription (RT) was carried out from
1 pg total BNA according to Rosati et al. [31]. In

order to evaluate mlalive differcoces m cDNAs
between transgenis lines, comparative kinetic anal-
ysis was conducted by PCR as sugpested by
Horikoshi et al. [32]. Initial amounts of PCR
substrates were adjusted for each line om the basis
of an cquivalent amplification of a eDMA from a
member of the constibutively expressed gene family
encoding the alpha subunit of translation elonga-
tion factor 1 {(EF7-of) [33]. In order to evaloate
differances ameny Enes proportional to differences
in initial amounts, we limited the amplification to
20 cycles. EF-n POCR reactions wers cartied out
on 2 pl reverse transcription prodocts. Degenser-
ated EFi-x primers {forward, 5-ATTGTGGT-
CATTGGYCAYGT-3, and reverse, 5“CCAAT
CTTGTAVACATCCTG-3), custom  designed
from multiple sequence alignments [31], were used
to amplify a 702 bp fagment. In a sccond step,
comparative amplification was cartied out with
aitacin £ primers on cquvalent total cDNA
amomnts, adjusted in a volume of Z i, wsing the
mimimal number of eycles required to distinguish
differences, The PCR reactions were run with
products from Euwropentee (Seraing, Belgium) and
1 uM pomers in 2 Minicycler {MJ Fescarch,
USA} The thermocyder program was: 94°C, 5
min, (20 cycles of: 94%C_ 30 5 55°C, 1 min; T2*C,
I min); T2°C, 15 min For specific mifacin & and
EFf-u amplifications. After el dlectrophoress on
0.8% {w/v) aparosecthidium bromide gel and de-
tection by ultraviolet light Hucrescenes, amplified
products were blotted onto a Hybond™-N nylon
membrane following standard procedures of the
manufaciursr {Amersham, UK). The filter was
prehybridized for 2 b at 42°C in SDS-formamide
buifer [30], then bybrdimd overnight under the
smne conditions, with attgein E and constitutively
expressed BFI- probes prepared as already de-
seribed. After hybridization and washing, mem-
branes were exposed for 5—24 h to X-OMAT™
film with one intengifying screen at — 80°C.

262 Protein exiraciion and Wesicrn analpsis
Prodcin extraction was carried oul from 10D mg
of leaves cxcised from in vitte shoots for ecach
teanspenic line according to Schuster and Davies
[3], with the following medifications: 1 mb
pheinylmethylsulfonyl fuoride (PMSF), an -
hikitor of sering proteases, was added to the ex-
traction buffer (3.7 M svcrose, L5 M Tris, 50 mM
EDTA, 0.1 M ECL 2% (v/v) frmercaptocthanal).
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Fig. & POR anabysiz of toansgomic pear plinis Gel elec-
treghoress of affecsn F und widd pens POR products; lases O,
aop-tragsformed plact; lancs P1oand P2, plasmide pEM3002
und pFATIN lancs 1, § and M), avsecin £ iransgenic Enes [,
5 nnd A lne G, GUS tranpemc liog Bnme L, molecalar
weight marker. Frapment gfizes are mdwatod iz kb,

Protein extracts were resuspended m 50 pl 0.1 M
Tris—HCI (pH 68), 7 mM dithiothreitol, and
quantified apamst a bovine serom albumin stan-

dard wsing a colordmetric assry according to Brad-

ford [35]. For Western analysis, 10 pp aliquots of
protein extract from control and transgenic Lines
m Laemmb buffer were separated on 16.5% SDS-
tricine polyvacrylamide pel according to the discon-
tiruous procedure of Schagper and Von Japow
[36]. After clectrophoresis, proteins were blotted
cnte Hybond C nitroccllulose membrane (Amer-
sham, TTK) by passive transfer, Polyclonal mbbit
anti-attacin antiserum [7] was vsed and attacn E
was detected with the enhanced chemnolumines-
cenoe Western blotting defection system (ECL,
Amersham, UK) using homseradish peroxidase-lz-
belled secondary antibody, according to the manu-
facturer’s instruciions.

4.3, Dtermination of in wiro resistance

Before inoculation, shools were micropropa-
gated on basal multiplication medium [2] without
kanamycin during at lesst three subcultures.
Shoots (2-3 cm high) were subcultured in baby
frod jars (five per jar} 2 weeks before inoculation.
For cach line, hve rephcate jars were used and
experimenis  were repeated  three tmes. E.
amylorora strain CEBP1430 was grown overnight
on King's medium B [37] at 26°C and resuspendad
in water at a concentration of 5 107 colomy
forming units (CFUT)/ml. The youngest expandad
leaf was wounded with tecth-nosed dissecting lor-
ceps dipped into the bacterial suspension as al-
ready descnbed [38] Inocolated shoots were
mcubated in the dark at 24 + 1°C and symptom
development was observed after 10 days. Discase

severity was assessed by estimating the progresion
of necrosis from the imoculated leaf and apex to
the base using a scale of 0-3: 0, no damape; 1,
necrotic apex; 2, less than hall of the shoot ne-
crosed; 3, more than half of the shoot necrosed.
For each line, susceptibility was caleulated as the
average of all replicates (about 75 replicates per
linc). Shoots of non-transformed lines of PC and
O were uwsed as comtrols, and & tomsgeoc PO
line expressing the [Fplucuronidzse and the NPTII
chzymes was also ingculated in order to estimate
the effect of the expresdon of the transpenes that
were assumed (o lack antibacterial activity.
Resistance levels were compared pairwiss be-
tween transpenic lines and non-transformed PC
using the non-parameetric H test of Kruskall and
Walliz, Data analysis was earried out nsing the
2assTAT 606 software, NPARIWAY procedure,

3 Resulis

3.1, Tramformation raies

Tweo transformalion experiments with the bi-
nary vector pFMI002 harbouring the ainecin F
pene were performed on leaves from in vitro
shoots and pave trangdormation rates of 1.0 and
1.3%, respectively, wherens a rate of 34% was
obtained In transformation expernment with the
binary wvector pFAJR00 harbouring the widd
e, These rates of transformation were sinnlar to
those obtained with other Beszeede woody plants
[39—41] and one order of magnitude lower than
those previcusly reported on pear cultivar Confer-
ence [2], Transformation with the aftacin E gene,
as well as the e#idd pene, was confirmed by PCR
analyziz for all the lincs prowing on kanamycm
seloctive medium (Fig. 2} Eleven attacin B lines
were subcultured on scloctive medium in the pres-
ence of 100 mpfl kanamyein without cefotaxime,
and absence of residual A, fumefociens was
checked by PCR befors asclimatization of the
plants (data not shown),

3.2 Flotdy levels of trarsgenic liney

Ploidy levels were determined by Oow cytome-
iry. Leaves from in vitro shoots or from acclima-
tized planis were composed exclusively of 20 cells.
All the transpenic lines including line 5, which had
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strengly reduced prowth in vitro and in the green-
ouse, showed the 3C walue of the non-frans
formed diploid PC.

15 dttacin E gone trawseription

We analyzed the transeriplion of forcign DNA
in the transgenic lines, Precipitation with 2-ho-
toxyethanol climinated most of the contaminanes
from BNA entracts, as confirmed by the high
absorbance ratios e s (data not shown). Pre-
liminary Northern blot experiments were unspo-
cessful and we were not able to detect clearly the
aitacin F transeript (dats not shown), Sinee levels
of mENA could be limiting, we wed RT-PCR 1o
eompare the levels of transeription. After petro-
transoription, the amounts of cDNA were firstly
adjusted among samples based on equivalent am-

plification of an EFf-x fragment, them wsed as .

templates for artacie E PCR. Amplification prod-
vets showed differences among transpenic lines
afler gel electrophoresis, blotting on nylon mem-
bwane and hybridization with g 2P labelled grigein
E fragment (Fig. 3). Mo amplification occurred in
the non-transfommed control, whereas iranspenic
limes showed variable but abways detectabls ex-
pression, In partienlar, lines 9, 13, 5, 10 and 21
i3 8 n B

c 1 £ 9 10

4 5 §

bag. 3. Tronscription of atiacts E pens in leaves of 5 pitro
shoots from contro] {lane ) amld the transpeni: lncs (lanes
1-72} studicd by compaeative RT-PCR. Ilerenoes AT
transcription levels of tramepenic dones wers estimated aficr
specilic PCR (310 cycles) on eguivakoal total cJMNA ameownts.
Adter blotting, mylon membrines were hybridised wing 25 4
probe ibe CPlbelsd L6 kb Medill hogment from
pERENIZ.

C i 4

& & 4 % p o3 W H

4 I KDm

A TKDa

Fa 4. Western blod soalyds of control (lane ©) and teps-
gminpu:ﬁlﬂmmmﬂgmc{hml-m}
Th:huof&nruﬂhgmmlm}luﬁnnpmiﬂnm
poszibke digradetion prodisct are indicnted oo the ki,

displayed bigh transcription levels. By comtrast,
lines 4, 20 and 22 displayed very low transeription.

34, Tramsgenic protein detection

Tranggemic lines were assayed for abtacin E.
Proteing extrgeted from leaves of in vitro shootis
amounted i0 4 % of the fresh weight, Western
analysis detected expression in all the Lanspenic
lines  (Fig. 4). The non-transformed  conerol
showed no Cross-reactivity with aflacin E anti-
body. Another protein with a lower molecular
weight (MW = 17 kDa) was also detected ahead of
the ¥3 kiDa sipnal corrspondimg to attacin E
Since this protein was only present in the extracis
from tranzgenic lines and proportional o the 23
kDa sigoal, it may have resulted from partial
breakdown of attacin B or one of its precersors,
Cross-hybridization with the putative breakdown
product was not suppressed by adding or substi-
tuting another proteass mhibitor (B-54, trans-
epoxysucoinyl-L-{4-guamdmo]brtane)  for PMSE
{datz not shows). Levels of amplified ¢DNA and
protein amounds were in pood gpreement for all
lines, except for line 9 which exhibited a moderate
amount of attacin E. Since this line had a high
level of tramscription, its (ranslation may have
been reduced.

3.5, In vitro resintance feEs apains! B amplosara

Preliminary experimenils with differsnt congen-
trations of inocalum varyimg from 10° o 10°
CFU/ml showed that 5 = 10° CFUSml were neces-
sary to obtain complete mfection of the susceptible
control PC after 10 days {data not shown). With
these conditions, shoots exhibited first symptoms
on veins and petioles after only 3 days, Aftor 10
days, less than 10% of OH shoots (resistant con-
trol) were infected with low severity, whersas 900
of untransfommed PC shools showed maximum
nociosis (Fig. 5). The transpenic control expressing
the widd gene showed the same symproms as the
susceplible control. Transgenic lines displayed in-
termediate levels of susceptibility (Fip. 6), 5ix lines
were sipnificantly (P« 0,05} more resistant than
BC in rank comparizon, whersas five lines showsed
littk: or no difference witl the control, Trends
were similar in the three sets of experiments, as
mdicated by the low standard errors, Data on in
vitro disease susceptibility and attacin E levels
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Fig. 5. Bebaviowr of resistent Okl Howe {a) sod meceplibic
Passe Crassane (b) 1o witra shoats 10 days afler mocukstion
with E. amyplevore CFFH 430, Har = [ om.

were im pood aprecment for most of the lmes,
especially for the resistant lines 35, 10, 13 and 21,
and for the susceptible lines 4 and 20. However,
the ranks according to disssse swseeptbility and
attacin B levels were quite differcat in two cases.
Litie 22 exhibited an mteemediate to hiph level of
resistanee despite 3 small amounl of attacin, in
apreement with a low transeription level, No in-
crease of mesistance was deteeted for line § despite
# high level of franscription and a moederate level
of attacin E.

4, Thscussion

This study is the first report of successful trans-
formation of pear with a gene mcoding & bytic
protein. The attacin E pene was introduced nto
{he susceptible cultivar Passe Crassane. Eleven
transpenic lines were obtained for which expres-
don was analyed in in vitro planticts. The
gmoents of aftacin £ ranscripis, attacn E and
levels of resistance to K. amplopora were comparsd
among the tansgenic lines

After retrotranseription of total RNA extmacted
from leaf samples, we used non-competitive PCE
in order to compare the quantity of attacin F
¢DMA amonp BT prodects. This procodure relics
on the well-established observation of lincar rela-
tionghip between the levels of cDMA before and
after amplification prior to the onset of the
platcau effect [42]. Amplification of EF[-a, zn
internal honsskeeping pene wnifomily expressed
[43] a= an mternal standard, allewed adjustment of
the amount of total cDNA among samples to yield
comparable amplification products. We {hen am-
plified a fragment of attacin E in the samples.
After 20 cycles, detection required blotting of the
cloctrophomesis gl and labelling with a spocific
probe. By this procodunc, we detected differences
in transcription levels among the lines.

The expression of attacn E was detecled by
Western blotting. Leaves of all transgenic lines
expressed detectable levels of the protein. The
modifed promoter Ce2M P35S was previously

suecapthlity nate
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Fig. 6. Discase susccplibility of sea-transformed PO and OFH o, 2nd stimcin E Bnes, 10 deys after in vitre izoculaticn with £

amplirsesa CFPR Lm.hmfsmmcﬁpedPC{G]w;Mnmumwlmhhwkmmumpﬁah;mﬂ
thmee seis of cxperiments on 25 replicile shoots per dome. Linee o= top of bams opresand slondard ercom of the means.
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