
Plunr Phv:;iol. Bioc'henr. 199ó, 34 (4), 509-520

/troaL'
Biochemical characterization and baculovirus expression
of the pectate lyase-like LAT56 and LAT59 pollen proteins of tomato
Lor i  K.  D i rcks l '2 ,  Guy vancanneyt l , l  and Shei ta  Mccormick l *

'  P lant  Cene Express ion Center ,  USDA/ARS- UC-Berke ley,800 Buchanan Sr . ,  A lbany,  Cal i fbrn ia  94710,  U.S.A.? Present addresses: Department Nutr i t ional Sciences, UC-Berkeley, CA g4i10, U.S.A.I Centro Nacional de Biotecnologia, UniversirJad Autonorna cle Madrid, Campus de Cantoblanco, E-280,19, Madrid, Spain.* Author to whom correspondence should be acldressed (tìrx l-5105595678; E-nrai l  shei lamc@mentlet.ber.keley.edu)

Abstract

Key w<lrds

Abbreviat ions

Tlre LAT56 and LAT59 tomato (L),t'opersicon esculenturn) genes are preferentially
expressed i lr  pol len, and t l te proteins t lrey encode are sirni lar to pol len proteins frorn
diverse plant species including nìonocots ( l i ly, Li l ium lottg(ktrunr ind cor'n, Zeu trt t ty,s),
dicots (tobacco, Nicotiurta tubuc'utrt and short ragweecl, Anbrosirt ttrtemisiifolirr), anct
a gymnosPerm (Japanese cedar, Cryptottteriu juport icrr),  as well  as to a tomato pist i l -
expressed protein. The short ragweed and Japanese cedar proteins are nrajor pol len
al lergens. Al l  of these plant proteins show sorne sequerìce sini i lar i ty to bacterial pectate
lyases (EC 4.2.2.2). The LAf5ó and LAT59 proteins have potential signal sequences. We
Itave raisetJ an an(iserunì to a TrpE-LAT56 fusion proteiÀ that recognizes both LAT56
antJ LAT59. We show that these proteins are present in rnature pol len, and that LAT56
is  g lycosy la ted in  po l len,  cons is tent  wi th  a  ce l l  wal l  loca l izat ion.  We use a baculov i rus
expression systeln to show that both proteins enter the secretory pathway and are
glycosylated in insect cel ls. Like the short ragweecl al lergens, t ,AT5ó is rapidly clegra<led
in pol len extracts, but in contrast to the heit- labi le shàrt ragweetl and ioprn.r,  cet lar
al lergens, LAT56 is a heat-stable protein. Although LAT5ó and LAT59 shaie signif icanr
se(ìuence sinri lar i ty to bacterial pectate lyases, we coult l  not clemonstrate pectarte lyase
activi ty in pol len extracts or in culture medium or in extracrs frorn insect cel is expressing
LAT5ó or LAT59.

Al leryen,  heat  s tab i i r iy ,  pror . in  g lycosy la t ion,  prote in  secret ion,  ( issue pr in ts .

Anti-56, att t iserunt raised against the TrpE-LAT56 protein; enclo Ir or H, entioglycosidase
F or  [ ' l ;  ER,  endoplasrn ic  re t icu lunr ;  56-8ac,  baòulov i rus express ing LAT56;  59-Bac,
baculovirus expressing LAT59; I-AT, late anther tomato; pét, p.. iute lyase; pMSF,
phenylnrethanesulphonyl t ìuoride; SDS-PAGE, sodium clot lecyl sutfate polyacrylamiclc
gel eìectrophoresis; St9, fal l  army wontl  ovi lry cel l  l ine; TBS, Tris-butfeied sal ine.

IN'TRODUCl ' ION

Pol len is t ranscr ipt ional ly act ive c lur ing most of
i ts dcvelopn-rent ancl  many of  i ts  structural  . .a l td
enzynrat ic conlponcnt.s are pol len-cler ivecì .  Ar.ouncl  I  0-
2Oo/o of  the genes expressed in pol len are speci f ìc
to pol len (reviewed in lv luscare rhas, t  990 a).  ^ 'c l
encode protei 's  bel ieved to be rccf  i rccl  for  pol len
matura t ion ,  po l len-p is t i l  in tenrc t ions ,  o r  po l le '  tube
elongat ion.  Pol len-expressed genes have been groupecl
into two tenrporal  c lasses, ear ly ancl  late (rèviewecl
in Mascarenhas, 1990b). Early genes are expressecl
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after release of the microspores from the tetrad,
while late genes are expressed after f irst microspore
mi tos is  ( rev iewed in  McCornr ick ,  l99 l ;  1993) .  The
late mRNAs accumulate dur ing nraturat ion ancl  reach
their  h ighest levels in ntature pol len.  Many pol len
proteins that  are required for gernt inat ion and pol len
tube growth are thought 1o be translated fì-orn pre-
synthesized nressages, s ince pol len tube growth does
not require r ìew RNA synthesis ( fbr  review, see
lvfascarenhas, 1993).  The expression of  two tomato
(Lycopersicon esculentwrr) late-class genes, LAT56
itnd IAT59, was characterized by measuring steaciy-
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.state RNA levels or expression of .  a reporter gene
dr iven from the L T56 or LAZ59 prornoters (Ursin
e t  a l . ,  1989;  Wing e t  a l . ,  l9g9 ;  l -we l l  e t  r r l . .  1990;
l99l)-  These exper i r rents provicrecr no i r r [ ' r r rat iorr
about t ransrat ion of  t r re nat ive message or proteirr
stabi l i ty  ancl  thus i t  wa.s urrknown whether the LNI-56
and LAT59 proteins were pre.sent pr ior  to pol len
gernr inat ion or i f  their  rnessages were pre-synt l resizecl
for  later t ranslat ion.

Database c'mpariso's hacr irrcricatecr trrat t-AT56
and LAT59 are s imi lar  to pecare lyases (EC 4.2.2.2)
fronr Envinia chry.scrntltenti anrl É. car.o,tot,ot.n. and
to pollen allergens from shor.t ragweed, Antbrr.sirr
orterni.rií.[olia (an angiospenn) arrcr .rapanese cedar,
crvptonrcria japrnti.u (zr gyrÌrnosperrn) (r.eviewed irr
Mccor rn ick ,  l99r ) .  Genes encocr íng  s i r r r i ra r  p r .o te in .s
have since been ident i f ied in tobacc.,  Ni t , r t iarn
tabacurn (Rogers er al., lgg}), corn, Zert ntay,,
(Ttrrc ich et  a l . ,  l?93),  . r rd l i ly ,  I , i l iurr t  l r r tg i f lorurtr
(Kinr et al., 1994). J'he 

",.,., i ,.,,, 
acicl ,..1i,.n..,

predicted ftr ' rhe I-AT5(r arrcr I-Af59 proreiris rravc
poten t ia l  endop lasr r i c  re t i cu lu r r r  (ER)  s ig ì ra l  secJr rences
and N-l inkecl  g lycosylar ion s i tes (Wir . ,g nt  o l . ,  19g9).
In addi t ion.  their  s i rn i rar i ty to bacter ia l -pectate lyases,
whicl r  are secretecl  (Keen arrd Tanraki ,  r986; Tar 'aki
e t  a l . ,  l98B) ,  and to  po l len  a l le rgcns ,  rvh ich  are
dispfayed on the pollen surface (Kriox et al., lg1.)),
suggested that the LM5(r ancl LAT59 protei.s r ' ight
be secreted ancl grycosyratecr, ancr trrat they r' igrrt
funct ion in the cel l  wal l  to,  f .or  exanrple,  mecl iate
pol len tube growth.  we trrerefore so'ght ìo cretcrnirre
the sub-cel lu lar  desr inar ion of  t l re L1\T56 ancr LAT59
proLeins.

In t l r is  paper we use a'  ant i - r -AT56 ant i .serurrr  ro
show that the LAT56 and LAT59 proteirrs are present
in nrature pollerr ancl in poilen tube.s, ancr trri i t LAT56
is glyco.sylatecl  in pol len.  we also denronstrate t l rat
LAT56 is heat-srable but is rapicily cregracrecr i. poilen
extracts.  We use a baculovirus expression s.vstern
(reviewed in o 'Rei l ry et  ar . ,  rgg2) to show that t t re
LAT56 and LAT59 proteins traverse the secretory

pat l rway ancl  are grycosyratecr i r r  i r rsect  cei ls and to
te.st  these proteins lor  pectate lya,se act iv i ty.

IIIÌSUI,1'S

P' l len-ex1lre.s.sed pectate ryase-r ike gene fanr i r ies

I: .sinri larity. be_tween the pol len_expre.ssecl proteins
LAT56 gnd LAT59 arrcl pectare lyases froin plant
pathoge'ic bacteria was detecteci by rjatabase searche.s
(Wing et  a l . ,  1989).  The seqrrence corrservat ion is
part icr lar ' ly  pronorrrced in the .so-cal led (Keen ancl
Tar 'aki .  l9B6) region I- interregiorr-regi 'n I I  por- t ion of
t l re proteins ( fg.  l ) ,  whicrr  is  c ' .se'vò.1 u,noirg known
Erv' i r t ic t  pectate lyases. The sirni lar . i ty  . , f  LAi56 and
LAT59 to the short ragi.veed poilen ailergen Arrtb a
I  rvas . r t icecl  later (Mccornr ick,  t99 r) .  únny prant
represerr tat i 'es fa l l  into t l r is  superfanr i ly  of  pectate
lyase- l ike genes, f 'or '  c l ic ' ts (Buclel ier 'et  r r l . ,  1990:
R,gcrs  e t  n l . ,  1992,  Ku l i kaLrskas  ar rc l  McC' r r i ck ,
ulrpubl ishcd obscrvat ion.s) ,  l rorn rrrorrocols ( 'T 'urc ic l r
et  a l . ,  l99J:  Kirn et  a l . ,  lgg4),  and front a
gymrìosperrn (Sone et  a l . ,  1994).  Figure I  show.s an
al ignr 'err t  oI  sonre of  the precl ictei l  p l int  pectate lyase-
l i ke  p ro te ins .  A l though i t  i s  <J i r - f ì cu i t  t .  i t r i c t l y  oenne
a protein in . re species as t l re ortholog of  an. ther
in a 'other species,  these precr icted prot-eins can bt :
grouped by pattenr.of  t issue expr.ession (pol len r , . r .  p is_
t i l ) ,  by intron po.si t ions in the coding secìuerce, n, , , i  by
deducecl  amirro acic l  sequence simi l r i r i ty .  Most of  t l rese
genes are  expressec l  in  po l len ,  a l t l rough one,  9612
(Budel ier  er  a l . ,  1990) is expres.secl  in pist i rs.  LAT56
ancl  LAT59 each i r i r ' . 'e iwo intro 's in ' 'n-hornor 'gous
posi t ion.s,  rv l r i le LMpr3r,  zn'r lg,  arcr  96r2 rravé no
i ' t rons  (Ku l ikauskas  anc l  McCorn ick ,  u 'pub l i shec l
observat ion;  Turcic l ' r  et  a l . ,  1993; alrc l  Buclei ier  et  a l . ,
1990,  respec t ive ly ) .  G r0  r ras  in t rons  in  pos i t ions
lronrologous ro those in LAT56 (Rogers ,t it., lgg})
and the deduced arnino acic l  sequences of  LAT56 ancr
Gl0 are r ì rore s imi lar  to each ni l ' ' . r  (g3vo) than to the
other proteins.  The precr ictecr LAT59, LMpr3r.  and

[ igure l. Alignment o.f the
znt5\-2 '  Gl} '  Amh r l  I ' l '  an<J Cr-v i  I  are f ront  l i ly ,  corn.  ,nt in. .o,  short  ragweed. and cedar.  respect iuery.  The seqrerrces s i rn i r r r  to regionsI  and l l  of  l lnv in ia pcctate lyase genes are unt lcr l ined ancl  over l inecl .  The iegion of  LAT-56 ancl  LAT-59 usecr t .  ra ise ant iscra are i r rcr icatecrwi th dot ted t rncler l ines '  Art t ino nt i t l t  tn" t" rvecl  betrveelr  a l l  seqtrences i ì re shaded. c.nserved al r ino acic ls are grorrper l  as f ì r l lows:  (K.R).(E'D) '  (Q'N) '  (s ' l ' ) '  (F 'Y 'w' lJ) '  (L ' l 'v 'A) '  (P 'G) '  ancl  (M'c) '  The ptrb l ish e<l  IAT'56 sequence lwing et .1. .  1989) harr  a f rarre srr i f r  (Turc ichet  a l . .  1993) which,  rv l ren corrected.  exterrc ls t l re predictecl  sequence so that  l_AT_56 al igns rv i th ì lc  orhcr p larr t  protc ins r t  the carboxl , l_ternr intrs '  changes i r r  the LAI '5(r  protein f r . t t r  the 'se(ì rence puLl ished previotrsry lwing et .1. .  l9g9) arc at  cod()r ì  9g (F to c i ) .  coclon 124(K  to  D) .  codons  136-119  (RCGe ro  DReK) ,  codon  l - i t  t f ,  ro  AD) .  co<Jon  tq t  f n  ro  J . ) .  coc lo r t  Z l ( t  ( I i t o  G) .  u r rd  co< lons  423 . tn t l  429( introdtrct i r ln of  an A at  eaclr ) ;  a l l  correct ions have heen err leret l  i r r  the r lu latrases.

Plont Phv.siol. lJíochcnr.

dÚdfr|*-



l ìacuklvinrs tnd pollen expression of LA'I'56 and LA'l '59

7 0

. . FFASA-CLS SANI.AEFDE./ I^IQKKSKVAQA K.\KKAYTP}IP EE.VTNHFNK

.lÀ.oÀ,\A,\.A0.c s Nt fvr s Dbiv,11n ry e eva R s RN L,\\yv s D p vA . ern ritxe

t .  
' i t  

i ' ' Ì  [ j . i $ . ' . i ì .  . . . . M E Y s Y R t x . r r r v É r v

i i  i *  . l T  g  i i  *  . . . . M D V . v R r R . r s v F n . L
f iTFATII PSL M.A.MCHYDEV IINNNEEEATE YARNIYEPHP EN. Vtr, iÉI. iQ

5 l l

1 4 1
LMPl  ]  1  VKCVKGFGRK TTGgÀACEIY WTDPSDDSL
znr5l -z,1og-1-n5ircun'r,vcéAAgKL.r, i inopsobelr
LAr5 ó .L . cm-6Fc rr.r er.liòxvèpv! rv.ror.rsobov

c 1 0 .ercnilqFófir ^to{*r}*f rfrrirlloFoi
LAT5 ? aúaugrCrx_n$(ixpcui 4irorus, Fov

96T2 A|CAIGFGKN AIGGKNGRTV wroscrunop
An,bar . 1 eoiSoEÈóxc rvbcxcbori rìir.ser,oiiov

cry j I Lcclivéséss ru'eòxclior-! rfiir. r.rsoòop

2TL
LMP131 I IDGRGANVQ ÍAGGAQ. LTV QFVHWITHG
'T5!_l rytfiÉ^o;fn gu. FAe. rri, owoì.ftÍln*
LAr 5 6 g r BGBC EygH _S èJ.rc-èc_ rj L Qs Ast rS TÉ,s N

c10 ,TrpcRqFNyH reNGAc . r xl esesÍr#Jsn
LÀrse *rp^nffiu ftrxcec. rrí òvrxr,nhiHc

e6r2 trpci lòesi 'H tsccpc. rrt  HHrsir i î ' ixc
emlar , r TIPcRgAK.llE IIN . AG . FTI, NcvKNvITHN

C:y1I TFDcRGAeVy IcNGcpCvFt xnvS[ryiiHC

2 1 0
'T'DPK FgÎIJRI4 GY I QDR.FT!{I I TGK SU\r^X Y XO E L T I NNDK
I I PR I(GTIRH AIi i ODRXIIII VTAR DI{\,T EiI. RQEL I VNHNX
VDPXF€TITRF GV tOKGPLttI  TFARSURIRt TRELIVSSNK- - -  -
vDPK eSTTRV cV r eKEpwfr r FGKt[rKf ró. sn el rvrsvx
ruobx eg,q,i,;i; ay r ox ebi,ítî r ix ncúú xI Hoelr r vos oii
vN !K qgTllli ry i oDEp,wr r FK RDr4vlQr, KQ ELwfNsyX
ANPKTT.g$F GIAONRPTWI TFERDIfWR! DKEMV\.rNSDX
VN PAFGTIEY GATRDRP"I,.II I F SGNM}EKL KMPMY I AG TB

L M P 1 3 1
Zn5B-2

Lè.T5 6
ú 1 U

LAT5 9

A m b a I .  l
C r y j  I

1

M l {  À

I . [ \AV I RSRRR

L M P 1 3 1 .  A V I T S S F E G  .  .
Z m 5 8 - 2  D V L R A . . . . .

LAT5 6 LI LFVFA.ÀIi  .
c1o  lv r , l rpeaÌ l i .

L.\T5 9 xr-noruxetx
g612 ns l l l lepúr

AmbaI  .  L  e lv rLLQPùn
L r y l  r

2 8 7
t - r4P l iL  NIWtDl rvsLA
z n r 5 8 - 2  N W I D H V S M S

L.qT5 o DIWIDTISMS
C1O DTWIDHIBMS

{  :a . / :  a  : ! . .  z

LAT5 9 YrilJDl{vSFlQ
' : ' :  

' : '  1 4 i  \  i

9 612 NIt^tvDHCSLS
tunbar.1 offinÍicfirs

Cryl I  NIWIDHNSFS

] 5 1  R E G I O N  I I

L M P 1 ] 1
zm58 -2

LA'I'5 6
G t 0

I  A î " q  Q

A n b a l .  l

C r y l I

, l l
a z \

LMP131 QGDLF'VSGAF
zm5B - Z ecowruudÀp

LArs 6 ocoonsNiií.r
c1o occollsrlàÍr

LA'rs9 Ecrrlrloréiy
+r ''

9ó I  2  EGDLMLNQÀY
F t

A m b a I .  l  N K D V L E N C A T
Cryl I  fgOvnVr'rOlV

.  NSTRRNLRT

. . r.rnn.ciien
ruapnnri;r .
TNI  PRRQLSN
NNSTRRGLGT
ASLTRRNI,;GY
vt ' rETRR.$ .  .

il

SPCLVAULVL

. . . us r i lÉp r
.  McrK Hccyr l#r l

AEWSK
KDYK
EEWMK

.QbrRs
AES
J L J .

1 4 0

AQFFLYSLI l .
VSVFFYWT,A

sij.  - í ! .

i11. . . . . . . i , ì  .
K I  KYSFLF! ,C

KSVDGi,ì!/.DAK

.  ' . . . . : ; ; ;

. . . . . . . T T 4

. . . . . . K G T l l

WQDVI{RSIN
.ÀF'DLQEI LP
. . . . . . . . M D

NKL.  GQCLAî
Y D . . G F C I ' T A T
KKYRGPCMAV
KKYKGPERAE

5u::
KKYTGPCI.f\/T

: 5 :  
-

L . . . . S C G S G
. . . LTTSGAY
spvrcsÈìnso

MPRCRTGFFH

Y I H

Y F H

I,VH

R E G I O N  I

M.{AVSGSQHP

{FIILE€Nì0!P
RYì{IGGSSGA

nffiffissce
M!trÍGCSM}IP
odHfffs*p
gATgOSASP

rfifffi'àssr.rb

E N K Y S K K D L I
E R K Y D R F D F I
S K I D T I L . N L I
D K I D I I L . N L I
SKHKDLYDG I
SSTYARASSL
T P .  E Q S A G M I
G N I Y T K K E A E

RArpc.,gI,PAv AGSTNXTfSN CH F'I'DH EKVM
RArmlrp,è::\/ neSrn[${.,9.i" cH FrDH EKVM
RcY?gIgPSv Ecsîcfirîr.q$ Grr FTDTNEVM
NcH reLìrDF r HGSTAT;T..r-qB Ny FrfrlJ DKyM

-
RCSPGIJIDVI LGSTAITISN C}ILÎEHDDWÍ

:  r  .  )  ! , F  : '  a - , , 4  + -  . . t

SCSDGI.JIDW NGSIAtr,tvSN SH FTDHDIIVM
r r :  1  . . . .  i . t ,  i -  . . / -  j

f  H I H D I K P G .  .  E G G I j I R D S E
iHrùosxnH.  .  sccrdnosx
: l r '  ,  J l

I R I H N I V P T .  . A G G I T R E S D
t : .

I , R I H N I V P T .  .  P G G L L R E S E
Ì . 1

LHIHDIVEG.  .NGGI ' (VRD.AV
l : j

rN IHDCKQS . .  GNGNI RDS P
LNIC{DVKVhl . . pCCr.lXStlO

inr-Vccsrsv LcwLî,Nesr

I ,LGASDTY,I.Q
I, FGASNDS PQ
! r uÀ tY l , / Ì lAE  c .

i;nber'ronvvl
F F S A S D S S S I
f .LqHSDSFTQ

LF9AGDENI  E

L'LGiIDDAYSD

KAKPGTFVQR
PAK}IGRYVCQ

Q P E P S S K V G L
K PEPSSKVG I
SA,\PAEDVTW
SARPSSLVGS
rAT .T t J t r5AL ,5

I 'WENGNATPQ

280
KHSGTRTRSD F.PG#|I rcss
RHYGLRTRS,P 99c,V. gyr-s S s
DHLGLRGADE 9lATSIFNSH
DHVGLRGSDF glcIgFFssH
DHIGIRTXSD GIGTSJFGAS
NHSGW\^JDVSD GDGT€T FGGK
GPAAPRAGSD GDAÍSISGSS
cvEPVHPe.b 6oúi inrer

3 5 0
DErue)ryyif MHFcRcfWE
D AVM O_--_i_/Er/, ff NrfF G R G LVQR
DRGUKtrqIAY NHFGKRLDOR
p-*q$,1t fnrcxnr-oqn
POWOTT!,SF NFíFGKRL I QR
PKEaygyàî NFTFGEGLVQR
DRGúL$ffi prgrowc{in
DK sI4K!ruVaE NQFc Pttccon

T K R D Y .  . A E P
T K R E Y  .  .  T P Y
T Y R E K S T S S V
î v Í l  t r r ( t  î . a  q \ /

TKREYNPESV
T K H E D A P E S .
L G R H . . G E A A
T I  R I G C K T S S

4 7 3
.KENMEC

rvcgeC

K I R R P Ò
t:

vKGRP$l
KPGKPC
xxcsnp
Oeceep
S L S X R C

2 0

ryh3
ry
€

DITHWI
DlrlrFr
DXTHWE
DXirHhrE

I I I  ISQGNRJI hPHI EAAXEV

p't r sobr.u,br Iieooeruni(ef
FI I SQGNRAI AEDKLLVKIY

FI ISOGKF8T ilEDELLvt(EV
F,.r r HQFNRI' r SP PDr FrgQl'
pJNSQFNRTL $PNEKYF.Kry
TTLSOSNS'C FPDERSqNY
ILT LS EgNSf T IPNESY}GQS

F V E S G G P F . .
pue!$con. .
FTPSGDQNT,L

$repcoor.rr,r
STESCDPEWS

ÈlRQ'$AGASS

TVAFSVDPVL
FVSSC.  KYEG

vo l .  J -1 ,  no  4  -  1996



5t2 L. K. Dircks er a/.

ztn58 proteins are Inore s i r r r i rar  to eaclr  ' t r rer  , ran
to t 'e ot 'er  p-redictccr pr. te ins i r r  t r rut  eacrr  r r .s anarn ino- te rnr inar  ex te rs i rn  r r ' t  p reser r t  in  t r re  o t r re rs .

C.nsic ler ing t 'at  l )ect i t te lyase_l ike g. ì , " ,  nre
expressed in pol , len of  c l iverse pLant ,p. . i . r l  inclucl i r rg
a'giospc'rrrs ^nd.a gy'r11.. ,spe'rn.  a 'cr  ihat  the r . ,1, ' . ' , . .
conserva t ion  

"v i t r r i r r  the  group is  h ig r r ,  i t  seenrs  r i ke  r -ythat these proteirrs pray an i rnpo' tant  r -ore i r r  sonrepol len funct ior .  î r  cteterr ' i 'e  r .vr iat  t r rat  [ r - r 'c t i ' r r  r r r ight
be,.we at te 'ptetr  t .  phe^ocopy a LATS(r or LAT59
nu l l  l r ru ta ( i . r r  r l y  ex ' r ' css i r rg  : i r r t i se .se  co 's t . t c ts  i r rlonrato,  but  we were unable to c letect  a p<t l len
p,enotype in anv r [  the ant isense transgenic prart .s(data rrot  showrr) .  A possibre exprarrat i r r r  lor  t r r is  resurt
i .s that  becarse..severar p. . t . tè ryasc-r ike genes are
expressed i,r p,Ìlf.:] l  in orre species (i.e., shor.t-ragrveecl;
Rafner  e î  a l . ,  l99 l ) ,  t l re  rec luc t ion  in  expres . iu , l  o t
only c l r re gelre l ras rro ef fect ,  because nih. , .  l . rurr i ly
nrenrbers can srrrst i tLr te for  t r re nr issi 'g pr. ' te i r r .

LAT56 and LAT59 pr'teins are 'rese't 'efore
pol len gernt inat iorr

.  we requi 'ed ant isera recogniz i r rg LAT56 anct LAf59
ilr o.cler to irrvestigate w-rrer LAT56 ancr LAT59
proteins. a'e pre-se't i '  poile'. we rrad criffìcurty
in obtaining hiq[- le_vel  e ipression frorn fu l l_ length
versirrs oI Lo'56 ard Lo'59 in l].rcher-i icrtia
col i  (data not s l rown),  so we at ternpted to raise
ntouse anti.sera to TrpE_LAT56 ancl TrpE_LAT59
fusion protei's, as describecr i '  Metrrocrs. Trre [u.sion
co.structs were.  made using trre regirns pr-ecr ictetJ tcr
be the r 'osr anr igenic port ións of  t ie pol ìen proi . i , , ,
( l {opp ancl  Woocls,  tqS t  ;  incl icared in f igure I  by
dotted uncler l i r res).  we were rnry successfur i ,  ra is i r rs
an arr t i -serurn agairrst  t r re TrpE-LAT56 f 's io '  p,o, . in l
Figure 2 s l rows that t r re alr t i -56 e*t iseru'r  , . . .ng,r i r " ,
tr 'vo proteirr bands in totar poiler extracts, arrcr trrat
there is no signar detectecr in teaf  or  petar.  I r -p ist i l
extracts the a't ibody detects no criscr.t. p.ot.ir is or.
lhe sizes predictecl for LAT56, LAT59 o,i 9(.,12, but
only a di f f ì rse smear.  In orcrer t r  ver i fy t r rar  t r re
tu,o proteins detected in p ' l le '  er t racts correspo'd
to LAT56 ancl  LAT59, w'e testecr the ant i -56 arr t iserunr
for_recognition of I_AT56 ancl LAT59 by expressing
LAT5(r a 'c l  LAT59 i r r  i 'sect  cei ls using trré bacur 'v i rus
expression systenr.  The ant i_56 ant is i runì t  recognizes
a protein i '  -5(r-Bac- infectecr cei l  extracts t t r i t  co-
tr igrates wi th the smai ler  protei .  f r<, , r  poi lerr ,  ant i  th. t
is  absent in both the 59-Bac- i ' fectecr ancr t r re r '  i 'ser. t
control  v i rus- infectec]  extracts.  This p. i le '  pr . te i ,  is

P lon t  Phy : ; i r t l .  R i t t c l r t , r t t .

l ' .s t  r ikery LAT56. Trre arr t iserurr  arsr l  rec 'grr izes
a larger p. l lerr  protein ' r rd a pr '< l te in i r r  the sí-go.-
i r r fectecl  e xtract  that  is  absen{ in both t r re 5(r-Bac_ ancr
rro i r rsert  contr . r - i r r fectecr ext .acts u, ,q.  2)  o.r f i t .  tn.
s l i -eh t  d i f fe rer rce  i r r  r ' i g ra t io r r  o f ' t l re  i r rsec t  ce l l_c le r ivec l
I -AT59 p"tei '  arrcr  t r re p.ut . t i r , ,e p ' i len t -Af5l  f r , r i . i . ,the larger pol lerr  prroteirr  is  rnosI l ikely f - r f f jq;  arecent ly obtained. LAT-59_spcci f ìc anr ibody r . .ognir . ,
br t l r  t l re baculovi 'ur  .*pr. . . rsecl  LAI-59 ar ict  ,n. ìorg. ,
pol le i l  prorein (Cur ie arrd McCornr i . t ,  unfui i i rn.a
observat ion).  The di f ference in nr igrat ion of  ih.  i , . , r . . ,
cel l -der ived anrr  poi lcr  LAf59 prr ie in nr ight  be crul  to
di f fere 'ce.s i r r  post- t ranslat iorral  rnocl i f ic : r t ions.  Thus,
the ant i -56 art iserrnr car l  recogrr ize botrr  LAT56 and
LAl '59 proteins.  I l r  t r re i r r ' ' r r , ' , , , -br , , t  sh 'wn i r r  f igure 2,
extracts f rorrr  ecluar nurrrrers of  i r rsect  a. i l r "  * . ra
Iraclecl '  but  LAI '56 crctect ion is srrorrger tharr  LAT59
detect ion.  we cal , rot  accura(ery deter l , i .e t r re rerat ive
^rr.rounts of LAT56 ancl LAT'59 because the arrti_56
ant iserurn rnay have a higher af- f ìn i ty for  LAl .56.
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Figure 2, L^756 and LAT'59 pntteitr.s ttre prelr:rerrtiallv e.rpre.ssetl
irt ltollctr' Protein extracts were preparecl lronr in.ccì ce'lrs an,tlornato t issues as descr ibed in . r , rcth<xrs.  Extr .cts f r . r '  appr<lx i ' ratery
1 .8  x  lOs  inseo  ce l l s .  150  7 rg ,  100  7 rg .  -50  7 rg  po l l cn ,  and  -50  7 rg  o fleaf '  petal  . r  p ist i r  rvere roarrca as indic:r tcrJ.  Froteins ru"r" . "p.rot . , l
by SD.S-PAGE and i r t r rnunoblot te<J wi th rhe arr( i_,56 ant iserurn.

[,A'I 'Sfi and LAT59 protci.s enfer trre .secretory
pathway

Since L,4T56 lras tr.vo and LAT59 ha.s tlrree
poter r t ia l  N- l inked grycosyra t i . r r  c . ' sensrs  sequences ,
rve assayecl for trre preserce of' gryc^n resicrues on
I-AT-56 a.d LAT59. 'f lre 

prese.ce 'f. glycar'esilue,
c l i 'ect ly c lerno'strates t r rat  a pl .oteir i  i , - ru.rr . ,  the
secretory pathway, becatrse N_l inkecl  g lycosylat ion
occrrrs orr ly i r r  the ER an<j Golgi  inny" et  a l . ,
1989).  we treated poi len extracts 'uvi th encro H,
which cleaves the higlr  tnal lnose gl l ,calrs that  are
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attached to proteins in the ER, or wi th endo F,
which c leaves both high nìannose glycans anrJ t l re
cornplex glycans that resul t  f rc lm further rnocl i f ìcat ion
of high miìnnose glyca.s in the Golgi  (Thotakura
and Bahl ,  1987).  LAT56 fronr poi len t reared with
endo H and endo F co-nr igrates wi th unrreatecl  LAT56
UiS. 3 A) ,  even on high resolut ion gels that  coulc l  have
detected a 2 kDa size dil ' f 'erence. Thus pollen LAT56
is resistanI to both enclo H ancl  endó F. Because
another tomato pol len protein,  LAT52, was sensi t ive
to endo F deglycosylat ion in the sírnre pol len extracts
(Muschiet t i  et  u l . ,  1994),  rve bel ieve that the resistance
of pol len LAT56 ro endo F is not c lue ro an inhibi tor
of  the enzytì- ìe in pol len extracts.

Because endo I-l ancl encjo F do not clcave
sonlc types of  g lycans l ì 'orn proteins (Thotakura and
Bahl,  1987),  we tr iecl  to c lctect  g lycans o'  LAT-56
by  c .va len t ly  n rod i fy ing  g lycopro te ins  r rom po l len
extracts wi th digoxygenin-succinyl-e-anr ic lociproic
acid hydrazide usi .g a glycan cletect ion k i ; ,  as
described i '  MethocJs. when treatecl pollen proteins
were immunoblot ted using t l ie ant i -56 ant iseirm, the
LA1.56 protei' from the treatecl extract misratec-l
nìore slowly than LAT56 fronr a. unrreated útract
01S 3 B).  This observar ion is consistenr wi th a
mobi l i ty  shi f i  of  LAT56 due to covalent ly arrached
digcrxygenin-succinyl-e-anr i t locaproic acid hydr-azi t le
rnolecules on the glycan residues ancl iherefbre
confìrnrs that  LAT56 is grycosyratecr in poi len.
c lycosylat i . '  o l -  LAT59 i '  p. l le.  c.ul t l  n. t  l re
i lssessccl  beci lusc thc pr.) lc i r ì  conccrì t rat i< ln af tcr  the
glycan lssi ly was t . ,  low r ì r r  lnt ibor ly r lctccr ion.

sever ' l  p lant  pr ' te i rs (Bust 's er t t l . ,  lggg; Ver 'et
et  o l . ,  1990; MacD.nal t l  et  t t l . ,  r99r;  M,schiet t i  et  r t l . ,
1994) have been expressed in insect cel ls r . rs ing
the baculovirus expressio^ systern and were show.
to enter the secretory pathway, as c iemonstratecl  by
t l ie accluis i t ion of  g lyca's.  we usecr the bacurovir 's
expression systenì to explore the glycosylat ion of
LAf56 and t-AT59 in nrore cletail (f,5. 3'C, rt1. 4).
f n the expe'inrent sh.wrr in fìg,rie 4, sr9 

"ceils

inf-ected with 56-B'c,  59-Bac, or the no inscrt  co' t ro l
were labeled with [ ]5sl  methioni .e ancl  incubated
i' cold nredi' 'r i .ìs dcscribeci in Methocls. After 2
and 4 h incubat io.s in corcl  rnecr ium u' ic lue bands
( indicated by bl .ck d. [s,  JtS 4) 'ppearecl  i^  the
nrediunr.  Dupl icate sarnples run on the sarne gel  were
inununoblot ted (c lata not shown) to confìrnr that  the
9.{: -niarked by black clors ff ig -l ,) cc_nrigrate with
L,{ f56 a 'd [ -AT59 prorcins.  Adcl i t ional  sr ' iJ ler-bancrs
( ind ica ted  by  wh i te  c lo rs ,  fg .  4 )  a re  n ìosr  l i ke ly  e i ther

I i ' igure 3. IA7'5ó arul IAT59 ure grvc'tsyrtttetr. A, poilen extracrs
rvere nrock-trcated or treared wirh endo H or entlo F as intl icatetj; l l.
glycosylarcd p'l le' profcins were nrock-trcated (-) or moclifìed wirh
di  goxygenin-succi 'y l -e-ar ' idocaproic acid hytJrazide (+)  as dcscr ibed
i '  lv lc thods;  c,  s f9 cel ls  were inf 'ected wirh e i rher 56- l lac or  59-Bac.
72 h post infèctiorr cells rvere harvesfecl antj nrock-treated or treated
with endo H or endo F, as indicatetr. Samprcs were separateil by
sDS-PAGE a.d inrrr ru.obrotred wi t r r  the anr i -56 ant iserur i r .

dcgradation products of LAT56 ancl LAT59 or less
extensively glycosylated'versio 's of  the proteins.  we
bel ieve that the prcl te ins in the medium are secreted
rather.  than sinrpiy released into the mecJiurn by cel l
lys is because several  major proteins c letectaúle in
cel l  extracts do not appear in the mecl ium fract ion
(frS. q. [n rhe experinrenr shown in figure 3 C, cells
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Figrrre 4- t,A7'.56 otttl LA'I '59 orc .\c(r(t(,(l in itr.ret.r r.r,I i,r. .Sf9 cclls
were  in fec tcd  w i th  c i t l t c r  t he  co r r t ro l  v i rus .  -56 -B l rc ,  o r .59_ [Jac .  12h
post  i r r fect ion the cel ls  were labeled for  2 h wir i r  [ ]5s l r r rerhiorr ine
an<l  chased for  2 or  4 h.  superrrat Í rnts rvere taken at  r l re indicatecl
t i rnes arrc l  centr i fuged to pel let  cei lu lar  c lebr is.  Af ter  a 4 h chase.
cel ls  were lysed in SDS sanrple brr f fer .  Slr 'p les were sepa' tecr  hy
SDS-PAGE and autoracl iographer l .

infected with ei ther 5(r-Bac or _59-Bac were lysed
and tlte extracts were treated witlr crrclo H or endo
F. l -he proteir ìs we'e i rnnrunoblot tecl  wi t l r  the a ' t i -
56 ant ise'u*I .  LAT'56 and LAf5g treatecl  'wi th enclo
H al ìd erdo F rr igrate lhster than t l re rntreatecl
proteir ìs-  These resul ts thus incl icate that  botrr  LAT56
and LAT-59 are trarrslocatecl across the insect ceil ER
nrernbranes where they are nrodi f ìed by glycosylat iorr .

we at terrpted to i l r . ru 'o local ize LAT56 o^ f ìxecl
and elnbedded sect ions of  lnature p<l l len,  however
we were un.slrccessf 'u l .  A possible explanat iorr  could
l ie in the fact  t l rat  pol len al lergens are extrernely
water sol t rb le and rapidly lost  when pol len is rryd'atecr
(Grote et tt l., 1993). We therefor-e used a rrroclif iecl
forrn of  t issue pr int ing to incJirecr ly show that LAT56
(a'd/o '  LAT'59) a.e l .c^ l ized tr  p. l len tubcs. poi len
was genìr inatecl  in l iqtr ic l  fbr  e i t l rer  45 rnin or 3 h and
f ixed to ni t rocel lu lose by rni lc l  v i ìcLrum f ì l t rat ion.  ' I 'he

menrbrares were baked briefìy at 80oc and furtrrer
f ìxed to the nrernbranes bef 'ore i rnrnunoblot t ing.  This
proceclure colìserves nrost of the pollen tnorphology
and the af i ìxed pol len could be stainecl  ancl  exanr ined
with UV nr icroscopy to detennine the locat ion o[  the
pol len rruclei  (data not shown).  The ant i -56 ant iserunr
reacts .strongly wi th the pol len tubes, at  both the
45 min ancl  3 h t i rne points l rg 5) The rounclecl
surface oI  the pol len grain (30 l inr  d iarneter)  appears
intact ancl doe.s not react with the antibocly, buì the
heat t reatrnent arrd f ìxat ion is probably perrneabi l iz i rg
the pol len tube cel l  r ,val l  and plasrna rnernbr.ane. No

Plant I'hy.riol. Biochent.

it

ti;i*

I i igure 5. ltrrttrutttt lrtr 'oliTttrirrr ,I IÀ'l '56 on ltollctr ri.r.sue pritrt.s. pollen
was gentr inated i r r  l i t lu i t l  for  e i thcr  4.5 rn in (A) or  J h (R) and
t l re pol len tubes rvere a[ l ìxcd t< l  n i t rocei lurose nrernbrarres and
inrrrunotr lot ted rv i th arr t i -56 ant iserunr.

signal  was observecl  when equivalent t issue pr ints
were incubated with pre- i l r rmune seruln or wi th an
ant i -LAT52 ant ibocly (Muschiet t i  et  a l . ,  1994) rhat can
only recognize arr t igen uncler denatur ing concl i t ions
(data not shorvn).  Whi le we cantìot  def i r r i te ly conclude
that the antigen is cell rvall localiz.etl, our clata flronr
the 3 h t ime point  is  consistent u, i th such a locat ion.
Tlre arr t igen signal  is  seen t l r roughout the length ot
the tube, al though the pol len cytoplasrrr  has nrovecl
towards the c l istal  hal f  o[  the tubes.
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Baculovirus antl  pol len

LAT56 is heat-stable but subject to proteolytic
degradation A

In the course of  test ing whether the protease
inhibi tor- l ike LAT 52 protein was heat stable
(Muschiet t r  et  u l . ,1994),  we used LAT56 as a control .
Unexpectedly,  the LAT5ó protein is also heat stable
(f ig 6A),  a l though the vast major i ty of  pol len proteins
precipitate after heating in the absence of SDS,
as can be assessecl by the Coonrassie-stained gel
(data not shown; see Muschiettr et ul., 1994). To
determine i f  th is heat stabi l i ty  was a general  feature
of the pol len-expressecl  pcctate lyase- l ike proteins,
we tested the short ragweecl pollen allergen Anb a I
for heat stability, but more than 90o/o of the allergen
precipitated upon heating in the absence of SDS (data
not shown).

In in i t ia l  exper iments wi th the ant i -56 ant iserum and
pol len extracts,  the pattern of  detected protein bands
was var iablc f ronr di f terent preparat ions. ' lb c leterrnine
i f  th is var iabi l i ty  was due to the var iuble detect ion of
degraclat ion products of  LAT56, we invest igated t l ie
stabi l i ty  of  LAT56 protein by incubat ing crude pol len
extracts at  0oC, roonì tenìpercture (25oC),  or  37oC
in the presence or absence ol '  protease inhibi tors.  In
freshly prepared pollen extracts and in the absence
of protease inhibi tor ,  the 44 kDa protein completely
disappears wi th in 30 rnin af ter  incubat ion at  25"C
or 37oC. Exant inat ion of  the Coomassie-stained gel
( f ig 68) shows that nrost  proteins in the ext l 'act  are
not af-fected. Degradation of LAT56 protein is pre-
vented by incubat ion at  0"C or by addi t ion of  PMSF
(at 25'C or 37"C; lS.  6 B) or Pefabloc (at  20oC),
(data not shown),  which are ser ine proterìse inhibi tors.
Pollen extracts that are prepared in the absence of
PMSF ancl then frozen and thawecl before addition
of PI'4SF also show n() 44 kDa protein (fS 6 B)
Other protease inhibi tors,  such as ant ipain,  leupept in,
aprot in in,  and pepstat in,  were not ef f 'ect ive in prevent-
ing LAT56 degradat ion (data not shown),  a l though
we included them in our standard protease inhibi tor
cocktai l  so that  the insect cel l  extracts and the pol lcn
extracts would be prepared in the same buf'tbr. Fur-
thernrore,  boi l ing of  pcl l len extracts pr ior  to incubat ion
in the absence of  PMSF stabi l izes the LAT56 protein
(data not shown),  indicat ing that th is degradat ion is
clependent upon the presence of a heat sensitive factor.

Are LA'I56 and LAT59 pectate lyases?

We tested pol len oi  several  species that  express
pol len-speci f ìc pectate lyase- l ike proreins (romaro,

expression of LAt'56 and LA'l '59 515
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Figrrre 6. IAT56 is hcul-sluble und setrt-itive to u ytllen proleu.re.
A,  heat  stabi l i ty  of  LAT56 protein.  Sarnple appl ied in + thc lane
rcprescnts 1O 1ry protein of  a pol len extract  that  was heated fbr  2 nt in
at 90oC in the abserrce of SDS. Sample applietl in the - lane represents
7O pg protein of  a pol len extnrct  that  was not  heated.  Lane M contains
rnolecular nrass nrarkers, The sanrples werc sepuratcd by SDS-
PACE and inrnrunoblot tecl  wi th the ant i -5ó ant iserunr;  l Ì ,  protease
sensi t iv i ty  r - r f  Ldl '5ó in pol lerr  extracts.  Extracts were incubated at
tlre indicated tcrnperature for 30 nrin, in thc absence or presence
of PMSF, then separatetl by SDS-P;\GE ant.l irnnrunoblottcd with
t l rc  ant i -56 ant iseruur.  Lancs 2-6 were f ronr f reshly extractcd pol len;
lanes 7-9 were fronr ptll lcr-r extracts that were tlozen and thcn thawed
betbre addi t ion of  PMSF and incubat ion:  lanes I  arrd l0 are nrolecular
mass markers.  Dupl icute samples werc separatecl  by SDS-PACE and
stained wi th Coomassie.  The sta inet l  gel  is  or icnted upside down, so
that the lanes directlv corresnontl to the irnmunoblot below.

vol .  3.1,  n"  4 -  1996

Temp (oC)

P M S F  ( +  / ' )



5 t 6 L. K. I)irck.s el a/.

tobacco and.  c . ' t ) .  f r r r  pcct . te  ly i rsc  .c t i r , , i ty  us i 'ga spectrophororrretr- ic assrìy (Cell ,r i . , l  
" ,  

) l ) . ,  
' f ' . r3Sl. 

n,a p'si t ive corrtr.r '  *.  , ,r . ,r  trre rrrecriurn ' f  :r  bactcriulctrlture ol' E,r.oli expr,,rri,ìg ll. r:ltr.\:suìutìì,i peltì.we lvere urrabrc to clcrr,rìr i . l ,"  grectatc ryase rrct ivi tyi n  po l l c r r  o f .  i u r y  o f  t hcse  s l t ec i es .

,r,ir:tj.ff i;Ì i ' f: 
p.ssilri l ir) ' l;ìar rlre ar"urrr .r 'e*are

c le tec t i ' r r ,  * ,  
, , ,  Po l len  r r r igh ì  L re  be low the  l i l r r i t  o f

borh ..r| .^1,.:ì:'f:, l]: fi:Íì1,",,,,r,1i..r;-.,!,l:ii,i:ì
59-Bac- i r r lectecl  cel ls,  l r , , t  ,1. t . . t . ,1 nn o. t iu i ty.  lVe
|ffiff:;r;;c 

arrct 5e_Bac_iniectect exrracls,in .ur. o,,
. c t i v i r y ., " ;,;' Jl;.'.ì "#J :iì, ffii::l',,T"ì *;; ru{*it l re torrrat t )  erzy.rres rrr igrrr  r rave c<l- f  actor rcquir .errrentsdi f ' f 'e.err t [r 'rrn t rre bi,.te'ì-iar .,,)y,. ' .,... .fhese 

c._firct.r.sslr . t r ld be present in ,  pot t . , ì  , , ,  p ist i l  extract .  To testth is possibir i ty rve spikerr  the i r ,sect  cet  extracts u, i t r rexrracr f rorn pol len ancl /or  p ist i t  to Zù i ì )u i .nf  ,1,"total  .substrate .s<lrut i ' l r .  we lere st i t  urr . r r re to cretectpectate rya'se i rct iv i t1 ' , .  As a f ì 'ar  c" t r ' ' r ,  we ars 'addcclt l tc  pclB 'osir ivc c ' r l r r r r ' r  , , ,  ; ; ì ; ì rcr  c,rrr ,crs : r 'cr  i r rsccrce l l  ex t r ' : rc f  s  t .  excrLr r rc  t r re  p , r . . r ; r r ;  r i t y  t r ra t  : r '  i r r r r i  b i t ' ro l '  pccrare , r , , : :  : rcr iv i ty *1, ,  i r , . r . r r r  i r r  r f re cxr 'crs.The pectarc ,v11e acr iv i ry i '  r i re porerr  or-  r r re i r r .sccrcel l  extract .s wi t r r  acrcrecr 7r, , ia ìu, , .  .s i r r r i rar  t '  t r rat  seerrwi th arr  eclrrar vorrrrre ór prrc corr t r .or  arorre.  . I . r rus,
we co'crude trrat  t r r ,e r .ck oI  pectate lyase act iv i ty inp . l le l r  o '  i r rsec t  ce i l s  i s  r ro t ' c rL re  to  a r r  i r r r r i t r i ro r .  . Ipe_c-t:rte lya.se activity.

l ' 'c I-AT5(r 'rrd I-AT5' p..tein,s ar-c secr.etecr [r-.r 'insect cel fs ( f ,e.  
.3 arrc l  +1, r r l , t ' , ì "  r . ror  accurrulate to .s^ igh a lever i r r  the nrecr i íu, ,  l * ' i ì ,  , r . ' .  cets.  r ,  . rcrer r '

1. . , : r : " , ' . :  
r 'e quarr t i ry of  f ,n iSà proreirr  presenr in r t rcrrsect  cei l  curf  u.e nrecr iur '  arrcr  cei l  extracts rerat ive tot 'at  i r r  pol len,  rve i rnnrunut, t , r t r . ì f  extracts ." , r i ì i , , i rg8 ,40 .50 ,  80 ,  a r r f .  t ( )0  / ,g  ì ; ; ; ì  p ro , . i , ,  f r . . rn 'o ,e r r  a r rc lcor r rpared  i t  to  r ì 'ac t io r rs  o [ . , ì r t , , r .  r r recr iu r ,  ; r r rd  ex-friìct 's [ror. ce's expressing LAT56 (data n,rt ,rr,ìru,,.1.we est inrared r l rat  i r r .  u,uàu,, ,  o i  t r re LAT56 protei 'in t 'e a.ssayecl  cul ture , r r . . f i r , r ,  *0,  .quivalent t '  that

:l]^9j9a 
rng (clry r.veigtrr) polì.,, or. 2 4x t0r poilerrgratns,  ancl  that  

. the 
Ll f l i6 prorenì nl  the assayecli r rsect  cef  r  ext .acts r .vas ec*r ivarent to _trrat  i^  2.7 'ntg(dry  we igr r t )  to r r ra t .  poren  or  1 .6  x  r0 r ,  pore '  g ra i r rs .

t r  e1pr1;1 ' .  t r re expressi . r r  1-r . f  tc l - r rs . r r rJ crral . : rcfer ist icsoI LA] '56 alrcr  LAT59. 
' ' in. ' iur t isc-r-urrr  

croes notrecogrr ize leaf  or  pclal  pr .oteirrs.  FI<trvevel . ,  i t  c loesst 'ongly but * ther 
. ron-sr)ecir ì fary cr .o.s.s_r.eact wi thpist i r  exrra* 's '  

-perrraps 
'wírr ì  -  

h igrr fy gfyc 'syratecrr , 'ers iorrs oI  p i 's . t i f -expiessecr f ì r r r r i ry rrrcrrrr)crs,  .sucha.s 9(r t2 (nuclet ier  
.et  r t t . .  t9e0ì.  r .ú.  r_Ài !à, .pruì . ini s  c l e t e c t e c r  i r r  p r t e r r  c x t r , c ì s ' t  r r r r u t : r  2 0 _ f o * rl r igher level  rharr  t .A' f59,  *nì . ln ' , ,

d i l ' [cr .enccs i r r  r l r

Il.. i : rrr,", ",,,, g', l,' nli,*;:il .iilq,ill t'#liantrserLu'n does not cross_r.eact rv i th n, ,1,  iotr . ' "o. io i , .nprotein (dat:r rrot shorvn), ,,n,1 i i.r,,t the I_AT56 arrcl[ . t ' racc.  Gl0 '^r te i r r .s are ' , r r , r r .  s i l ' i l i r r .  t^ : r l r  LAT56ancr LAT5g (g40/a s i ' r i rar  , , . r .  lJn i t r<) 76Vo ident icalr ' ' r '  ( r r70'  r 'espcct i 'efy)  i r r  t r re r .g i , , ì ,  usecr f ' r  arr t iserurnprepararion (/i.q l).
our expe. i r 'enr.s i r rcr icate t f rat  t r re LAf56 alrd LAT59proteirrs elr ter . . t 'e secretr l ry p. t 'w,ay.  . f 'c  

pr , te insare secrerecl 
. f i .orrr irrsecr 

- 
cell.s i,, i i ; r ' t,..1 ,l,., l iu,n( / i * .4 )  a r rd  t ' c  ' r - .1c i , , ,  , , , i , , r "  i ,  i r rscc t  cc t fs  f l rescrrr .s i t i 'c  [ ,  e,r l ,  I I  arrc l  c, . , ,1, ,  [ :  Ui ,g.  3) ,  whichirrdicare.s that  thcy ar.c glycosylatccl .  T.hc I_AT5ó; ' r rotei l r  l ro ln p.oI lerr  cxtract í  ú.catccl  rv i th c l igo,rygenin-succirrv|-r- . r r i r r .c.pr r ic 'c i t i  r , t , r , ; ; ; , ì , i i r , r l l  r , , , . ,a 'slorver rrobirity tr ia' Lnr5à ir.r '  u'tr.e:rtecr exrracts,i rrdicati ,g .rre pre-se'ce oI gryca's. I t  i .s surprisirrg thatLAJ5I f tonr pol le, was , ir i ì" , ,r i t ive ro errdo [{ orettdo F' The tnost t ikely explanatiolr for t ' is re.sult  is,t 'at endo FI ancr e'cro h .. i t ' i ì r ,  creave trre part icurarsIr 'ucrrrre of rhe glycarrs on polJgl l  LAT.;; .  

,nì, i , , ,rr , ,
I-AT56 a'ct LATù-clear ty ;,,i;; rtre secrer,,ry. i,ìin*,,y(/is' 3 arrd 4), we canrìor excrucre 

-,rr.-p"ìrii,luu 

,,,.,LAI'S(., and/or I_AT59 ur. ,..1r.,.,1 ;; ì,,r".i,'..íf, nydefatr l t .  I t  is pr;ssi[ ,- !e rhar n,r.  , ì ,-  botrr is mi.srrcarizecrouts ide the i r rsect  ce l ls .  becausebe ttr e .,1. r"u i i f , r I r way, n,,. o,.... ^ ; r:,i$ffi1'iffilì ::n'rr ,a 'y re.s ide.  i r r  the.  vacuore or <l t r rer  cor lpartments.For exarnple,  pha.seol in,  a uo.u,r lu l .  proteirr .  is  largelysecrered  in  insec t  ce l l s  (Bus  tos  e r  o l . ,  lggg) .LAT56 is heat-stabre arrd rerrairrs s ' r rbre whenpol len extract .s
Atnb. I . l  (c iata 'of  sh'r .vn)"  i i r rd Cr) ,  j  I  (ya.sueclaeÍ ur" rgg3) are rr.ot-s.n.ri i iu.. r-nrjo 

- 
iu' poìr.nextracts is serrs i t ive to proteolyt ic c legrac. lnt ion Uya .se.ine - prorease (/,g 6gt. nt,,í' i,,,ir"j' ,","'lY.u, .

l.:'p::irìca'f .r.nu..r ur' nn ;,ft3,,:,,1'nil"..ii:
l n  po l len  ex t racrs  (Srn i tú  n ,  n l . ,  lggg)  to  y ie ld  aC-ternr intr .s <Jer ivecl  

?q k? p"p, i , f "  ancl  a N_teirninus_d-er ived l2 kDa pept ic le.  fhàre , làrul t .  are anakrgou.sto orrrs.  in that  we sornet intes ( ig 6B) c letel t  i t

DISCTJSSION

The antisenrnl rve.raised agairrst the TrpE_I_ATS6fu'siorr protein recogrì i t . ,r  rr, , t i ì ] , , l ì . ; ,r .  .rrcr aIr.rv,ed us
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degraclat ion procluct  of  about l2 kDa in tor ì ìato
pol len extracts.  Since clur ant iserunt was raisecl  to
the arnino-ternr inal  port ion of  LAT5ó, rve can only
cletect  the snial ler  of  the degraclat ion products of
LAT56. Thus both LAT56 trnrJ, Anrb u I. I may be
cleavecl  by a pol len enclo-protease. The signi f ìcance
of  the  l iea t -s tab i l i t y  anr l  p rorease-suscept ib i l i t y  o f
t -AT56 remain unclear.  The prt l teusc-suscept ib i l i ty
might ref lect  spur ious degradar ion of  LAT56 by i r
protease that i t  woul tJ not norrnal ly contact  in intact
pol len.  Al tentat ively,  the protease-suscept ib i l i ty  nray
be part  of  the ntechanisrn regulat ing LAT56 prorein
levels dur ing pol lcn c levelopment.

Thc crystal  structures of  pectate lyase C and E
fronr E. chrS,stuúheni have been used fbr a structure-
ba.sed al ignntcnt of  thc protc ins in the pectate lyase
super fhnr i l y  ( l l cn r issa t  e /  u l . ,  1995) .  ln  add i t ion  to  thc
already noted evolut ionary-basecl  sequence sint i lar i ty
to pectate lyases (Wing et  u l . ,  1989; McCornr ick,
|  99 |  )  the structure-basecl  a l ignntent suggests that
the pol len protc ins also share the paral le l  / i -hel ix
topology of bono Jit le pectate lyases, adding more
support  to the supposi t ion that the pol len proteins are
pectate lyases. We have been unable to c letcct  pectate
lyase act iv i ty in extracts of  tomato pol len or f roni
insect cel ls expressing LAT56 or LAT59. Taniguchi
eî  u l .  (1995),  however ' ,  recent ly detecfed pectate lyase
act iv i ty associatecl  wi th a pur i l ìed preparat ion of  t l re
cedar al lergen C,-y j  l ,  a l rhough t l rey did not rcport
whether pectate lyase act iv i ty coulc l  be lneasurecl
in  c rur le  po l l cn  ex t t ' i t c ts  o f ' Japanese cec la r  po l len .
Thc spcci f ìc act iv i ty of '  t l ie pur i f ìecl  ceclar al lergen
was sir l i lar  to that  o1'  the bacter ia l  pectate lyases.
This observat ion shows that at  least  sonìe of  the
pol lcn pectate lyase- l ike pnl te ins are,  in fact ,  pectate
lyases. One possible expl lnut ion why wc coulc l  ncl t
detect  pect l r te lya.sc act iv i ty is that  nci ther the pr i l len
extracts,  the insect cel l  cr-r l ture niediunl ,  nor the insect
cel l  extracts contuined enougl i  LAT56 or LAf59
protein.  Taniguchi  et  u l .  (  1995) perfbrrnecl  pectare
lyasc assays on 0.04 rng of  Cry j  I  protein,  which hatJ
l4  un i ts  o f  ac t i v i t y .  We typ ica l l y  used 0 .2-0 .25  nrg
tc l ta l  pol len extr i lc t  protein in a pectate lyase assay.
In r l rder to assi ty t l rc stunc arr lount of  LAT56 or.
Ldf59 as Tanigrrchr et  t t l .  (1995) usecl ,  rhc LAT56
and t-AT59 pntteins wr>ulc l  have to cornpr ise l6-
20%,  o f  the  to ra l  po l len  l t ro te ins ,  wh ich  is  c lear ly
no t  t l ìe  case.  Nonethe lcss ,  we ca lcu la te  th l t  we cou ld
have de tec ted  0 .062 un i ts  o l '  l tec ta te  l yase ac t iv i ry .
Thus ,  i l ' t l re  LA l '5ó  , . r l  l -n |59  l rad  a  spec i r ìc  ' c t i v i t y
s in r i la r  to  the  ced l r  a l l c rgen anc l  conrpr ised  a t  l cas t

0.01o/<t  o f  the to ta l  ce l lu lar  prote in ,  rve cou ld  have
detected pect i ì te  lyase act iv i ty .  I t  is  a lso poss ib le
that the natunrl substrates for LAT56 and I-AT59
cannot  be mi ru icked in  the in  v i t ro  i ìssay.  In  th is
l ight ,  i t  i s  i ìo tewor thy that  E.  chrysctn thent i  ECl6
produces severa l  isozynres o f  pectate  lyase that  d i f fèr
in  t l re i r  ab i l i t ies  to  c leave po lyga lacturonate in  v i t ru
ar rd  to  n lacerate  p lant  t issue (Payne et  u l . ,  1987) .
Thus, perhaps LAT56 and LAT59 are indeed bonct

"f idt pcctatc lyases that are weakly active, or that
recluire a cl i t lèrent substrate or i ìssity condit ions for
detect ion o f  ac t iv i ty .  Pect in-degrac l ing er ìzymes are
thought  to  n ied ia te  po l len tube growth by increas ing
the ra te  o f  hydro lys is  o f  t ip  wal l  compol tents ,  based
par t ly  o t ì  the observat ion th i ì t  pect inase cnhanced
pol fcn tubc e longat iur ì  ra tes in  v i t ro  (Roggen ant l
S tan ley ,  1969 ) .  An  a l t e rna t i ve  f unc t i on  f o r  l ess  ac t i ve
pect in-degrad ing prote ins might  be to  c leave the in t ine
pectatc  a t  a  low leve l  in  order  to  produce e l ic i tors  o f
the pathway lbr  gcr rn inat ion and po l len tube grc lwth.

i\,IETIIODS

Pnrduction of anti-56 antibody. A TrpE-LAf56 fusion
protc in  cor rpr is ing amino ac ids 49 to  165 of  LAf56 was
constructed by l igating rhe 360 bp fcr,,RI f iagrnent of
pLAT-56 (Wing et  u l . ,  1989)  in to  p{ f l l  3 ,  rvh ich d i f fc rs  f rom
pATH 2 (Diecknran ant l  

' fzagolo t l ' ,  
1985)  in  the nru l r ip le

c lor r ing s i te .  A TrpE-LAT59 fus ion prore in  conrpr is ing arn ino
acicls 98 to 139 ot '  LAl '59 was corìstructerl  by l igating thc
120 bp Nsi l- tc 'oRI l ì 'agnrenr of pLAT59 irrro pATll  2. Thc
constn. lc ts  wcre expressed in  XL I l lue ce l ls  (St ra tagene,
L-a Jo l la) .  T l re  induct ion anc l  par t ia l  pur i t ìc l t io r r  o f  the
fusion pnrteins were perfbnnecl accordirrg to Spindlcr et rr l .
(198- t ) .  The prote ins wcre iu l rher  pur i l ìe t t  by  SDS-pACE.
The proteins wcre eluted l ì 'ortr an excised gel l i - i rgnrent antl
t rscd to  i r t rnrur r ize n t ice.  Approx inr l te ly  20 1ry  prote in  i r r
iucorup le te  Freu l r i l ' s  ad juvant  was uscd per  inrnrur r izat ior r
l ìrr  t i rur boosts. ' l 'he 

inrrnune rcsporìse was rnonitored by
ELIsA on tu i l  b leeds ten days af ìer  in rnrun izat ion.  Asc i tes
lìrr ids were induceil  by rhe surcorna l ine Tt80 (ATTC #'I lB
ó6) ,  and were co l lec ted approx imate ly  7 ,  10,  and l3  days
af ' tcr intnrunization. Ascites tìuids were usetl  direct ly tbr
i r r rnrunodetcct ior ì  a t  a  r l i lu t ion o f  l :1000 (or  l :500,  r t1 .  5
ancl 6).

I ) reparat ion o f  p lant  t issuc ext racts .  A l l  t issues were
obtir irred frolu L.1'c'rrytersit ' r t t 'e.; t  ulenlurtr cv. VF36. pol len
was hlrvestecl I 'ntrn rì ì i t ture t lowcrs (stage 4 fìowers, Ursin
et  t t l . ,  1989)  by v ibrat ing rhe t l<_rwer  pedice l  w i th  a  B io-
Vor tcxer ' (nr r>c lc l  1083-MC).  Pol lcn was groun( l  w i th  sea sant l
in l(X) rnlvl  

' l ' r ' is (p[{ 7.4), l  rnM El)TA, I  rnlVl I)cl ìrbloc
(  Boehr inger  l t ' l ,nnheinr  B i rchern ica ls)  und a Dr 'o tc inase
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inh ib i tor  cockta i l  conrposed of  0 . .5  l rg  rn l  I  each of  ant ipa in .
aprot in in ,  chyrnostat in ,  leupept in ,  ar t r l  pepstat in  A ( .S igr t ta)
in  a  rnarb le  nror tar  ch i l led to  dry  ice ternperature.  A l ter
t l rawing.  t l re  ext ract  was ccn l r i fuger l  a t  14,000 x  g  fbr  2  rn in
at 4"C ancl the aqueous phase was rerìervecl.  Leaves. petals,
ancl pist i ls were lrarvestet l .  front grorvirtg plants, froz.en i t t
l iqu i r l  n i t rogen,  ar rd  grour tc l  in  a  t t tarb le  Inor tar  in  the sanre
buffer r-rscd for pol le n extracts, arrd processcd as above. 

' fotal

prote in  o [  ex t racts  was dctermined by t l re  b ic inc ] ron in ic  ac id
nrethoc l  accorc l ing to  rnat tu facturer 's  i t rs t ruct ions (P ierce) .

Construction of recontbinant baculovirus strains. 56-
Bac (baculovinrs expressirtg LAT56) wits constructecl by
ftrsirrg (he entire codirrg regiort of '  LAI-5(r (Wirrg ct al. ,
1989)  to  t l te  baculov i rus po lyhedr in  protnoter  in  pV[ , [ . '392
(O'Rei l ly  e t  o l . ,  1992) .  

' I -h is  
vector ,  des ignated pVL56c.

was co-irt fectecl into Sltrtr i l tptera.frugípenlc (St9) cel ls rvi th
l inear izcd baculogolc l  bacu lov i rus genot ì re  (Pharrn ingen)
accord i r rg  to  suppl ier 's  i t ts t ruct ions.  Recont t r i l tant  v i rus  was
i r lent i f ìed and arnp l i f ìed accord i r rg  to  O'Rei l ly  e t  a l . ,  1992.
-59-Bac rvas const ructed by fus i r tg  t l te  ent i re  cod ing reg io t t
<rf- f-A1'59 (Wing et al. ,  1989) to t l te lraculovirus polyheclr irr
prornoter in pVL94l. 

' fhis 
vector. clcsigrrated pVI--59, was

co-irr lectecl arrcl i r lenti f ìecl and arlpl i f ìet l  as clescribed above.
The "no insert" control was constructecl by co-irrfect ing wit l t
the t rans ler  p lasmid pVL94l  ( lack ing any exogenous DNA
sec;uence) ancl iclenti f ìed atrcl anrpl i f ìet l  as described above.

Expressiort and local izat ion of LA'I '56 attd LAT59
in insect  ce l ls .  Sf9  ce l ls  grown in  Grace 's  l t ted i t rm
(Gibco/BRL). supplemented wit l t  fetal calf  serurn to l}Vo,
r.vere infected at a rnult ipl ici ty of ir t fect ion (MOI) of 200. At
72 h post  in fect ion,  ce l ls  were labe led wi th  I rssJmeth io l t i l te
for 2 h, incubatecl in the absence of [rsS] rrtethionirre for 2
or 4 h. and separated frortr the rnediurrt.  Each fract ion rvas
separated by SDS-PAGE, ancl protein signals rvere antpl i f ied
by f luorography.  In  para l le l ,  ce l ls  o f  4  h  t i r r te  po in t  sar t rp les
were lysecl irr  SDS satttple buffer, separated by SDS-PAGE
on the same gel as above, and i t trnrunoblotted with the
ant i -5( r  ant iserutn .

Detection of glycans. Glycan cleavage: Sf9 cel ls grown

in Sl900l l  were infected wit lr  -56-8ac or -59-Bac. At
72 h post- infect ion, cel ls were lysecl irr  elt t t iott  btrf fer
( .50 r r rM Tr is  (p l l  6 .8) ,0 .57o SDS,  0 .  l7o f i - rnercaptoethanol ) .
Pol len was grouncl in a nlortar in elut ion buifer. Sf9 and
pol len ext rncts  were bo i led for  5  mi r r  and d igested wi th

endo I ì  or  er tdo F accord ing to  s t rpp l ier 's  i t ts t ruct io t ts
( l ìoehr inger-Mannhei rn) .  The ext racts  were separated by
SDS-PAGE and in tmunotrk ; t tec l  w i th  the ant i -56 a t t t iserunr .
Glycan rnocl i f ìcat iolr:  Mature tontato pol len was ground

in a marble lnortar cooled to dry ice tentperature in
100 nrlvl  socl iurn acetate (pII .5.-5) contairt ing lrnM Pefabloc
(Boehr inger- fv lanr t l re i rn) .  Po l len g lycoprote ins were rnodi f ìed
wi th  c l igoxygenin-succ iny l -e-ant idocapro ic  ac id  hydraz ide
accorr l ing to  suppl ier 's  ins t ruct ions (Boehr inger- lv lannheim) ,

I'lunt Plry,siol. Bioclrcm.

separated by SDS-t 'AGI I  and inr t t tunoblo t ted u, i th  the ant i -56
ant iserur r t .

' l ' issue prints. îrrnato (cv. VF-ì(r) pol len '"vas genninated in
f  ic l r r ic l  po l len gerr r r inat ion r t rec l iur r r  ( . f  ahnen et  a [ . ,  1989)  for
45 r t r i r r  or  3  h .  1 ' [ re  po l ler t  suspcns i r )n  was s lorv l l ,p ipet te tJ ,
us i r rg  a  I  r r t l  p ipet te tn iu t .  or ì to  a  s( luare o f  0 .2  l r rn  S&S
ni t roce I lu lose r t tentbrane (pre-u,c t tcd in  

' IBS)  
that  had been

placec l  on the p la t for r t t  o f  a  Nalgene vacuun]  f ì l t ra t ion
dev ice.  A s l r : rv  vacuunì  rvas pLr l led for  l rn in .  us ing water
aspirat ion. The tt terttbrarìes \vere baked at 80"C for 3 min
anc l  t l ren t reated lor  l0  r t t i r t  in  0 .25o/o g lu tara ldet ryde.2.5To

7r- fornra l r lchydc i r r  phosphate buf ' l t ' r . ' I ' l te  r t tenrbr Í ìnes were
rvashed i r r  w i r ter .  b lockec l  w i th  2 .5" / r , r l ry '  rn i lk  in  T ' l lS  and
incubater l  rv i th  t l re  pr i ln r t ry  ar r t iboc ly  (  l : -5(X))  overn ight  and
in the secottt lary antibotly [or '  2 lr .

Pectate lyase assays. Sfr) cel ls grorvn in Sf9(X)l l  rnedium
r.vere in lec tec l  w i th  56-Rac.59-B: rc .  or  l l te  no- i t rser t  cot t t ro l
v i rus .  AI72 h post - i r r f 'ec t io t t .  cu l ture  t t ter l iunt  was scparated
f i 'o rn  ce l ls  by cent r i fugat ion ant l  used t l i rec t ly  i t t  assays.
Cel ls  rvere harvestet l  by  wi rs l r i r rg  tw ice i r t  ice-co l t l  25 nrM
' t r i s - l lC l  ( p l l  8 .8 )  con ta in i ng  l . r o te i nase  i n l r i b i t o r  cock ta i l ,
uncl scrapetl  into t lre satne buf ' f 'er.  

' fhe 
cel ls were disrupted

by three cyc les o [  5  s  o [  sor t icat ion fo l lowecl  by  20 s  on ice
us ing a ' fekrn l r r  son ic  d is l 'up l ( ) r  set  t< l  6( ) .  Po l len ext racts  were
prepared as t lescribed above, except that the extractiott  buffer
cl id not contain EDTA. Tlte supenìatants front these i l tsect
cel l  and pol len extracts were usecl in the pectate lyase assays.
One part extract ' ,vas aclded to terì parts substrate nt ix (0.247o

polyga lacturor t ic  ac id  (S igrna) ,  25 rn lv l  Tr is -HCl  (pH 8.8) ,
0.67 rrr l \4 CaClz) and t lre i t tcrease irr absorbance at 232 nm
rvas measured over 2 to 5 tt t i t t  at roorn tenrperature (Collmer

et  o l . ,  1988) .  or  a t  ( r -5"C,  the repor ted opt in ta l  tenìperature
for  the Cry  j  I  enzy l t ìe  (Tanig t rch i  e t  a l . ,  199-5) . ' I -he pos i t ive
control fbr t l re pecti t te lvase assitys was the cel l- [ree ntecl i tr ln
frorn a cul lure of E. col i  str i t i t t  DFl5rv containing pÍ '8L344
(Keen ancl Tantaki.  1986), w'hich encodes E. chn'.surtt l rcnú
pc lB.  Cel ls  were grown lor  one to  two days at  37"C in

LB supplentented wi th  100 7rg tn l - r  arnp ic i l l in ,  then sh i f tec l
overnight to 28"C. The culture was centr i fugecl for one
nr inute a t  14,000 x  I  to  pe l le t  t l re  ce l ls ,  and the supernatant
was reserved. Enzyttte act ivi ty wrìs contparable to that

repor ted by Keen ant l  
' f t r t t tak i  (19,36) .

IVl iscel lnneotls nret lrods. SDS-PAGE separations (Laernmli,

1970) rvere done on 8.-5% gels. I t t t t t t t t t toblots were developetl

by t lre ECL (Arnersharn) nret l tod ( l ig. 2, 3 and 4) or

rv i th  t l re  a lka l ine-p l tosp l ta tase- l inked (Pro lnega)  method

(/ i ,q,.  5 ancl 6) .  DNA seqtrettci t tg, plasnricl  DNA isolat ion,

and transforntat iott  of E. col i  strai l ts u'ere done according

t r r  s tanc lard procedures (Sar t tbrook c t  a l . ,  1989) .  Anr ino

acicl sequellce corì lparisons u'ere clol ' tc trsing thc Cenetics
Conrputer  Grot rp  sequence analys is  s< l f tware package

Vers ion 7.  Data base searches were done us ing the GenBar tk
Genet ic  Sequel tce Data Bank,  Rele t tse 81.0,  1994.
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