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                                Summary

  Strong  antimicrobial  activity  was  obscrvcd  in water  extracts  of  tu]ip anthers,  PuTification by

column  chromatography  and  structural  analysis  by var{ous  methods,  such  as  liquid chroma-

tography-mass  spectrometry  (LC-Ms), IH
 

,
 and                                         

i3c-
 nuclear  magnetic  Tesonance  (NMR)

Tevealed  that the activc  cornpound  was  6-tuliposide  B  (6 O-((S)-4', 5' dihydroxy-2'
methylenebutyryl)  D-glucopyranose).  The antimicrobial  susceptibility  test  revealed  that  it
showed  a  strong  growth inhibit{on against  Gram'  positivc, Grarn'negativc bacteria and  ceTtain

fungicide tolerant strains  cxcept  foT a yeast, Among  the 22 cultivars  (TZilipa gesneriana  L,) and  15
7letlipa spccies,  antimicrobial  activities  of  the  anthers  frorn cult{vars  were  stTonger  than  those  or

the wild  species.  These  production abilities  of  6' tuliposide  B  in anthers  were  not  Te]atcd  to pollen
fertility. During  anthcr  deyelopment, the production of  6-tuliposide  B  was  confined  for a  short

period of  approximately  7 to 12 days before flowering. Hence, itappcared that the  6-tuliposide B
in anthers  was  pToduccd in a tissue' and  stage-specific  manncr  with  hlgheT 6-tuliposide B
accurnulation  than  that observed  in other  tissues  that  produce both 6- tuliposides A  and  B. These
results  suggest  that  a novel  defense strategy  cvolved  in tulips  to protect pollens from bacteTial
pollution in the repToductive  pToccss by produeing  an  anthcr-specific  6-  tuliposide B.
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                 Introduction

  Highcr plants, confrontccl  with  a  large number  of

micreorganisms,  produce a variety  of  antibiotics  for
protection against  these  microbial  pathogens. Phytoan-
ticipins are  antibiotics  produced  by  plants during the
course  of  normal  plant devclopment  and  are distinct
from phytoalexins, which  are  synthesized  in response  te

pathogen  attack  (Paxton, 1980, 1981; VanEttcn  et  al.,

1994).

  Tulip cultivars synthesize  antimicrobial  substances  in

fiowers, stems,  leavcs, and  bulbs (Bergman and

Beijersbergen, 1968; Bergman  et al., 1967). These
substances  are  identified as  glycosides, 6-tuliposide A

(6 O  (5'- hydroxy-  2' - mcthylenebutyryl)-  D

glucopyranose) and  6-tuliposide B  (6-O-((S)-4', 5'-

dihydroxy - 2' - methylenebutyryl)-  D-  glucopyranosc),
and  their lactonized aglyconcs,  tu]ipalin A  (1
meth-ylene-7  butyrolactone) and  tulipalin B  (4(S)-
hydroxy- 1 -methylene- 7 -butyrolactone) (Christensen
and  Kristiansen, 1999; Tschesche  et al., 1969). They  are

alse  widely  distributed in the family, Liliaceae (Slob,
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1973; Slob et  al., 1975); 1-tu]iposide A  (1-O (5'-hy-
droxy-2'-methylenebutyryl)-B-D-glucopyranoside)

is also  produced by some  Tbelipa species  (Christenscn
and  Kristiansen, 1999). In particular, tuliposide A  and

tulipalin A  produced  by  7betipa and  Alstroemeria are

known  to cause  allergic  contact  dcrmatitis (Santucci et

al., 1985; Slob, 1973). On  the other  hand, tuliposidc  B  is
non-allergenic  (Hauscn et  al., 1983; Slob et  al., 1975).
It is considered  that a  methylene  group in the a  position
is responsible  for the allergenic  actiyity of tuliposidc  A
and  tulipalin A  (Santucci et  al., 1985). Another
tuliposide, tuEiposidcs D, has been isolatcd from
Alstroemeriaceae (Christensen and  Kristianscn, 1995b).
Recently, tuliposide D  and  F were  also  found in Tulipa
turkestanica  and  7belipa sylvestris (Christensen, 1999).
Hence, unique  compounds  have evolved  in tulip and

alstroemeria  that play an  important role  in disease
resistance  (Bcrgman and  Beijcrsbergen, 1968; Bergman
et  al., 1967; Hutchinson, 1974).

  Much  attention  has been  paid to the isolation of

tuliposides  and  tulipalins (Beijersbergen and  Lemmers,
1972; Bergman,  1966; Bergman ct al., 1967), dcrma

tologic studies  on  thcir allergenic  properties (Christensen
and  Kristiansen, 1995a, b, 1999; Hausen  et  al., 1983;

Santucci et  al., 1985), chcmical  synthesis  (Bestmann and

Schmidt, 1987; Henin and  Pete, 1983; Hutchinsen,
1974; Tanaka  and  Yamashita, 1980), and  antimicrobial
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Analysis of 6 
-
 tuli.poside A

  6-Tuliposidc  A  in tissues of  tulip cultivars was

identified by the  method  of  Christensen and  Kristianscn

(1999) frorn the result  of  retention  time  of  HPLC

analysis  and  the measuremcnt  of moleculaT  weight  of

precursor andlor  product ions by using  LC-MS-MS

systcm  (mode] Q  1'rap/Agilent 1100.  ES[(+), Applied
Biesyslems  Japan Co., Ltd., Tokyo) under  the following
conditions;  columni  Might)･sil ODS  2,O mm  ID s  50
mm  (Kanto Chemical Co., fnc,, Tokyo), f]ow rate:  O.2

mL･min'i,  eluate:  HzO  for 10 min.  6--Tuliposide A

was  also  purificd from petals and  quantified for anti-

microbia]  substanccs  as  fo]lows: 1O g each  ef  the tissucs

from petals, pistils, anthcrs,  ]eavcs, stems,  bu]b scalcs,

and  roots  wcre  homogenized  in 1OO mL  of  watcr.  After

centril'ugatien at  27000  x  g for 10 min,  thc  supernatants

N-'ere fi]tcred through  a  cellu]ose  acctute  membrane  (O.2
um)  and  quantitativel>, analyzed  by HPt.C.

            Results and  Discussion

Antitnicrobial substance  from anthers

  Tulip anthers  showcd  strong  antimicrobial  activity  on

an  assay  plate as  indicated by the translucent  growth
inhibition zones  around  them  (Fig. 1). To  idcntify the
active  component,  6.5 g of  the frozcn samp]e  from
`Murasakizuisho'

 was  water  cxtracted,  dehydrated and

thc resulting  O.83 g crude  cxtract  was  separatcd  by  gel-
filtration column  chromatography.  A  O.5 mL  aliquot  of

the extract  was  dissolvcd in 2 mL  watcr;  the active

fractions that wcre  eluted  at  a  retention  time bctween
1O- 20  min  wcrc  collccted  (Fig. 2) and  assayed.

  The LC  MS  meast}remcnL  of  the active fracLion
showcd  2 peaks at 1.4 min  and  1.9 min.  Thesc pcaks
werc  interchangcable, and  the fragmcnt patterns of  the
MS  spcctra  of  the peaks were  superimposablc,  rnfz  317

(M+Na)', mfz  312 (M+NH,)', mfz  295 (M+H)', mlz

277  (M- H,,O)i, mlz  115 (M C6Hi]O[,)', mfz  97 (M-C6
Hll O+,-HL,O)' (Fig. 3). Thc MS  fragment patterns sug-

gested that thc two peaks belonged to a  and  S 6-O

Fig, 1   Antimicrobial activity  of  anthers.  Translucent pttrls

suTreunding  the anthers  indicate hacterial growth  inhi-

bition. Anthers  fr"m 
'Ilalcre'

 (left), 
'Dordogne',

 and

'M{rella'(right).
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Fig, 2, Antimicrobial Hctivit}'  ot' fractions e]uted  from the  gcl

    filtralion chFomatography  column.  

'I'hc
 uctivit.s,  was  indi-

    cated  as  thc  diamcTeT of  the  bacterial growth inhibition

    zone  by  thc  paper disc method,

              mlz  115, mlz  97 (115-H20)'

              lr. .,

                OH
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HO
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           3 oH  OH

                               m,,z  295 (M+H)'

 Fig. 3. Structure of  6-tutiposide B  und  its MS  ['rugmentatiqn.

     The  pseudomelccular  ion (M+]I)' is m,/z 295 and  its

     fragment ions, rn/z 11.5 (M' C't･,II]iO,./)' and  m/z  97 (M
     CF.H-OE/'II:,O)' indicaLc thc  p[esence of  thc agl},con  et'

     tuliposide B.

((S) 4', 5'-dih>'dToxy 2'-methylcnebutyryt)-D-  gl-
ucopyranose.  

iH-NMR
 spcctrum  ef  thjs mixture  in

CD/PD  shovt'ed  thc characterisLic  anomcric  protons at

5.09 ppm  (a, d, J =  3.6 Hz) and  4.5 ppm  (E, d, J -- 7.3
Hz)  and  protons of  aglycon  (C- 3' proton, 5.99, and  6.35
ppm, each  brs; C-4' proton, 4.56 ppm,  m;  C-5' protc}n,
3.44 and  3,72 ppm,  ovcTlapping).  HMBC  spectrum  ef

the compound  indicated thc C H  long range  coupling

betwcen C  6 methylene  protons at 4.25 ppm  (cr anom-

er,  dd, J =  6, 12 Hz)  and  4.46 ppm (cr anomcr,  dd. 2.8,
12 Hz), and  4.26 ppm  (e unemer,  dd, 6, 12 Hz) and

4.50 ppm  (B anomer,  dd, 2.8, 12 Ilz) and  bctween C- 1'
carbons  at 167.4 and  167.3 ppm  (a and  pth' anomcFs),

The  entire  
iH-and

 
iiSC

 NMR  spectTal data oi' thc

mixture  agreed  with  that of  thc reported  va]uc  of

tulipesidc B  (Christcnsen et al., 1999). Altheugh  sucrose

was  dctected in this acLive  fraction, 1 tuliposide B  or

other  rclated  compounds  were  not.

ftnther-  specij}'city  of6- turiposide  B

  Tulip cultivars  are  known  to producc both 6-tulipo-
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sidcs  A  and  B (Christensen and  Kristiansen, 1999). To
confirm  the specificity of  anthers  with  regard  to tulipo-

side  production, other  tissucs including petals, pistils,
leaves, stems,  bulb scales,  and  roots  which  were  isolated

immcdiately after  blooming  were  extracted  and  assayed

as  abovc.  Thc  results  showed  that both 6-tuliposides A

and  6-tuliposide B  peaks werc  prcsent in the petals as
well  as  in other  tissues. However,  the analysis  revealed

that the  anthers  containcd  6- tuliposide  B; 6 tuliposide

A  was  undetectable  (Table 1). These rcsults  not  only

support  the anther- specific production of  6-tuliposide

B  but also  revealed  the abundant  accumulation  of  this

compound  in the anthers.

Susceptibitity for tuliposide B

  1- Tuliposide B  is known  to act  against  B. subtilis  and

Ilythium deba,lyanum (Tschesche et al., 1969); however,

the activity  on  bacteria or  fungi of  6-tuliposide B  has
not  been examined  in detail. Therefore, the concen-

tration of  6-tuliposide B  which  inhibited the growth  of

various  bacterial and  yeast strains  (Tablc 2) showed  that

all strains with  the exception  of  C  albicans  were

sensitive  to 6-tuliposidc B, regardless  of  their Gram
nature  and  their fungicide-resistant traits. Experiments

Table1.  Tu]iposide contents  in tissues  of'Murasakizuisho',

performcd by Langenfeld (1970) suggested  that tulipo-

side A  and  B  chemically  react  with  the  SH-group  of

amino  acids  such  as L--cysteine. These  results  on  thc

inactivation of  many  enzymcs  in vivo  caused  a growth
inhibition except  in C, albicans,  a  yeast, which  showed

no  sensitivity  to 6-tuliposide B. In considering  the

working  mechanism  of  tuliposidcs A  and  B, the growth
of  this strain,  when  treated with  the antimicrobial,  dc)es
not  appear  to be possible. However,  a  similar  phenorn-
cnon  was  also obseryed  in some  other  fungi (data not

shown).  This resistance  may  bc thc result  ef  the differ-
ence  in permeability of  the cell wall  or  thc ability  of  thc

yeast to degrade 6-tuliposide B. Currently, we  are

investigating thcse possibilitics by using  the pathogens
that affect  tulips and  some  other  microorganisms.

Devetopmental  production of 6 - tuliposide  B

  To  understand  the production and  accumulation  of6-

tuliposide B by anthcrs,  antimicrobial  activities were

examined  throughout thc development  of  the fiower

 a

'I'issue Cencentration(%Y

6-TulipesideA 6-TuliposidcB

PetalPistilAntherLeafStemBulbscale

Root

O.41O.25n,d.Y021O,17O.25023O.35O.422.31O.12O.11O.11O,13

b

X

 Concentrutien are  givcn in %  fresh weight.
YNotdetectable.

--oLetuE-!vwh.p..)6tu7po9.9'E-"[<
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Table2. Minirnum inhibitory concentration  (MIC) of6-
tuliposide B  on  thc  growth  ofmicroorganisms,

Microorganisms MrC(mg-L")

AEE
 2eis-2

 16.gilntu

Escherichia coli
Salmonellaenteritidis

Ilseudomonasaeruginosa

Rseudontonasglume)'

Pseudomonasavenaei

Staphylococcusaureus

Bacillussubtilis

Candidaatbicans

15 ± o,sZ

18 t.  O.514

 ± O,815

 ± O.914
 ]  O.815
 t･ O.620

 .F 1.1
   .tv

Fig.4.

s

+Halcro

"Dordogne

123456789  10

          Flower  bud stage

r.v'IIUMean  ± SE  (n=3).
Oxsolinicucid-resistantstrain,

KasugHmycin-  und  oxsolinic  acid-  resistant  strain.

No  effect  on  the  growth.

  Production of  tuliposide B  during floral developrnent, u/

Flower bud (upper Tow)  and  anther  (lower row)  in
'Ha]cro'

 from  bulb planting to anthesis,  b: Antimicrobjul

activity  of  anthcrs  in the  process ef  anther  devetoprnent jn
`HalcTo'

 and  
'DoTdogne'.

 1, 148  days  before Mowering

(DBF); 2, 77  DBF;  3, 45 DBF;  4, 25 DBF;  5, t4 DBF;  6,

12 DBF;  7, 10 DBF;  8, 7 DBF;  9, 4 DBF;  10, anthesis.

Vertical bars represent  SE  of5  replications.
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Table3,  Antirnierobial acrivities  and  pollen fertMties in

      cultivars  and  Tulipa species.

Cultivar/Species
Antimicrobial Pollen
activity (mm) t'erti]it), (V,)

Cultivars(classMcutiongroupi>

Albino  CT)
Bartigon(SL)

Cashmir(SL)

City of  Vancouver  (SI.)
Don  Ouichotte (T)
Dordogne(SL)

]la]cro (SL)
Hocus  Pocus  (SL)
Kinkazan  (SL)
KingSolemon(SL)
Meissner  Porzellan Cl)
Mirella Cr)
MurasakiLuisho('])

Prince of  Wales {SL)
Red  Advance  (Sl.)
Red  Pitt (SL)
Renown  (SL)
Rosabella (SL)
Scotch Lassje (SL)
Shanghai  (SL)
Winter Gold  (SE)
Yellow  Ern peror CSL)

Tbelipa species

 T  hatalinii

 71 chrysanta

 Z  clusiana

 Z  hageri

 T  kolpako-'skiana

 T  iinijbiia

 7/ maxbnowizii

 7/ orphanidea

 1: pu  lchella

 Zpraestans

 Z  sosnowsk},i

 Z tarda
 Z urumiensis

 Z  vt,edenskyi

 71 M,ilsoniana

18.S =  
'12Y

18,8 L+ 1,1
20.3 ± O.8

20,5 =, 1.4

20,3 ± O.8
19.2 -t O.9
208  ± Ll

20,3 ± 1,4
18.5 ± 1.8
19.0 t O.3
19.0 ± 1.3

20.5 ± O,9

19,O ± L2
]9.8 ± 1,1
'I9,S L･ 18

2･ O.O ± 1.5

19.S LH 1.0

18.5 , 1,1
20.3 ± O.4

19.3 ± O.6

17.0 ± 1.9

18.0 ± O.9

13.513.016.014.312,O19.317.313.815.013.S16.5

le.316.8

 ± Ll

 t 1.3

 l,/ O.9

 
--

 1.6

± O,4
 t 1.7

 =  2.1

 .  O.9

 ± 1.1

 ± 1.7
 =  1.4n,dX

 ± O.8
 r. 1.7n.d

22.729,362.5

 7,145,742.930,3o33.6S8.583.3

 1.798.U87.898.581.356.9S2.495,782.951,987.1

 4.69S.277.854.654.282.791.710.793.592.293.597.498.098.194.8

ZC]ussification

 groups in cultivars  indicute as fellows/ SL,

 Single late group; SE, Singlc carly  group; T, Triumph group.
VMean

 ± SF. (n=3).
XNotdetectable.

bud. In tulips, fiower buds start  to form in the  bulbs

during the storage  period in thc  summer  after  thcir

harvest. The tapetal tissue, lining the anther  locule,

provides nutrients  fer the rnaturing  pollens and  deposits

special  chemicals,  such  as  flavonol, anthocyanin,  and

carotenoid,  onto  the pollen surface  so  as  to form a

coating  in tulips (Wiermann, 1979). Wc  dividcd the

anthcr  devclopmental processes in 10 stages  (Fig. 4a)

Fig.5. Antimicrobial activity  of  mature  po]lens from

     
'Murasakizuisho'

 on  the  antimicrobial  assa}'  platc. Trans-

     luccnt parts surTounding  the  pollen clusters  indicaic

     bacteriul growth inhibition by 6 tu]iposide  B  coatccl  en

     the  surface  of  po]lens, Bar indicates 1.0 cm,

based on  the phases of  tulip growth from planting c)f

bulbs to anthesis.  The  antimicrobial  activities that were

examined  in cach  stage  (Fig. 4b) shewed  that the

actiyity began approximately  12 days before anthesis

(stage 6) and  gradually increased to reach  a  maximum  7
days before anthesis  (stagc 8). This antimicrobial  pre-
duction abMty  was  not  related  to po]len fertility becausc
cultivars, such  as 

`Mirella'

 er  
`Hocus

 Pocus', that

produce mostly  sterile  pollen contain  a  relatively  high

content  of  6 tuliposide  B (Table 3), Thus, 6-tuliposidc
B  in anthers  was  produccd for a  short  period in a  stagc-

specific  manner.  Similar to other  substances  such  as

flavonols or  anthecyanins,  the surfaces  of pollcns were
ceated  with  tuliposide  B  that pretect the pollen from the
bacterial contamination  during pollination (Fig. 5). We

also examincd  antimicrobial  actiyitv  of  anthers  from

alstroemcria  which  is known  to prodilce 6-tuliposidc A

and  tulipalin A, the  causative  agcnt  ['or contact  derma-
titis; however, wc  could  not  detect any  activity  in the
anthers  (duta not  shown).  Hencc, thc phenomenon of

anther-specific  production and  accumulation  of

tuliposide is consldered  to be restricted  to tulips.

Comparison  of activities  in cultivarh'  and  7)dipa species

  Morc  than  5600  cultivars  arc  registered  under  tulips;

2600  cultivars  are  in cllltivation  (Zandbergcn, 1996). To
compare  the productivity of anther-spccific  6-tulipo-

side B, 22 cultivars and  15 Tulipa spccies  were  ana-

lyzed. The Tesults obtained  indicated that the activities
varied;  extracts  of  named  cu]tivars  tended to possess
strongcr  activities  than  tlie species  (Tablc 3). This

phenomcnon is considered  to bc the result  of  selecting

for pathogenic tolcrance  in breeding proccsses, or  thc

taxonomical  diffe[ences of s.pecics  betwecn the 71

gesneriana and  the other  specics,  Recently, the anti-

microbial  peptides, 7be-AMPI  and  TZt-AMP2  that

posscss chitin binding properties wcre  isolated from
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tulip bulbs (Fujimura et  al., 2004). These  peptides may

ulso  contributc  to pathogenic tolerance in addition  to the

tuliposides. On  the other  hand, no  activity could  be

cletected in some  species.  Slob (1973) investigated

tuliposides A  and  B of  fiowcrs and  leaves in liliflorac

and  reported  that some  tulip spccies  such  as T tarda, Z

praestans, and  Z  greigii contain  tuliposide A  but do not

tuliposide B in any  tissues, Our anther  extracts  obtained

from Z  tarda  and  Z  rvitsoniana  also showcd  no  anti-

microbial  activity.  These  species  may  lack the gcnes
inyolved in tuliposide  B synthesis. In Z  praestans, we

observcd  antimicrobial  activity  in anther  extracts  which

was  reported  by Slob and  Varekamp (1977) who  de-

scribed  the existence  of  tuliposide B in tissues, including

thc fiower ef  the same  specics.  Thereforc, the produc-
tion ot' 6-tuliposide B  in anthers  of  T  praestans is

undoubted.

  As  the  evolutionary  production of  6- tuliposide  B  by
tulip anther  is intriguing, we  are focusing on  the ento-

mophilous  trait of the tulip flower. In several  tulip

cultivars,  basal pctal colors  andlor  antheTs  diffcr from

the other  parts; the colors  are  believcd to attTact insects
more  effectivcly.  Recently, Kim  et  al. (1998, 1999)

reported  high insccticidal activity  of  tulipalin A, derived
from  6-tuliposide A  of thunbeTg spiraea  (Spiraea
thunbergii)  leaves against  7Virips palmi (Thysanoptera).
On the other  hand, the insecticidal activity of tulipalin B

has not  yet been reported.  If tulipalin B has no  insec-

ticidal activity,  and  produce no  allergic symptoms  on

animals,  it may  explain  why  anthers  produce only  the 6 
-

tuliposide B. We  postulaLe that tuljps may  have evolved
a  novel  strategy  for molccular  rnechanisms  fer the

anthcr-specific  preduction of  6-tuliposide B; it aids  in

pollination by preventing the contamination  of  pollen by

pathogens and  protecting the insects. Hence, we  con-

clude  that the production and  accumulation  of  6- tulipo-
side  B in anthers  and  its coating  of  pollen are  a  novel

defense strategy  to aid  the  reproductive  process of  tulips.

Acknowledgments

  The  authors  are  grateful to Dr. T. Asamizu  and  Ms. J.

Umezawa  for providing thc bacterial strains,  Ms. K.
Tanaka (JEOL, Co., Ltd.) for LC-  MS  measurement,

and  Dr. A. Fukushi (Hokkaido Univcrsity) for 2D  NMR
measurcments.Literature

 Cited

Bcijersbergen, J. C. M.  and  C. B. G. Lemmers,  1972.

   Enzyrnic  and  non-cnzyrnic  liberation of  tulipalin A  (a
    

-methylene
 butyrolactone)  in extracts  of  tulip. Physiol.

   Plant Pathol. 2: 265  
-

 270.

Bcrgrnan, B. H. H. 1966. Presence  of  a substance  in the

   white  skin  of  young  tulip bulbs which  inhibits growth of

   Fusarium oxysporum,  Neth. J, Pl. Path. 72: 222-230.

Bergmun,  B. II. H. and  J. C. M, Beijersbergen. 1968, A

   fungitoxic  substancc  cxtractcd  from tulips and  its

   possible rolc  as  a  pTotectant against  disease. Neth. J. Pl.

   Path. 74: 157-162.

Bcrgman, B. II. II., J, C. M. BeijeTsbeTgen, J. C. Overeem

   and  A. K. Sijpesteijn. 1967, Isolation and  identification

   of  a  
-methylenc-butyrolactone,

 a  fungitoxic substance

   from tulips, Recuejl 86: 709  
-714.

Bestmann, H, J. and  M.  Schmidt. 1987.  Synthsis  yon  r

   hydroxynitrilen, r 
--butyrolactonen

 und  a  
-rnethyleno

     7 
-
 butyrolactone aus  epoxiden  und  natrium-  [cyan-

   (triphenylphosphoranyliden)-rnethanid], Tetrahcdron

   Lett.28:21l1-2114(InGerman),

Christensen, L. P. 1999, Tuliposidcs  from Zulipa sytvestris

   and  Z  turkestanica.  Phytochemistry  51: 969'974.

Christensen, L. P, and  K. Kristiansen. 1995a. A  simplc

   HPLC  method  for the  isolation and  quantification of  the

   allergens  tuliposide A  and  tulipalin A  in Alstroemeria.

   Contact Dermatitis 32: 199'  203.

Christensen, L. P. and  K. Kristiansen. 1995b, Isolation andi

   quantification of  a new  tulipos{de (tuliposidc D)  by

    HPLC  in Alstroemeria.  Contact Dermatitis 33: 188'

    192.

Christensen, I.. P, and  K. Kristiansen. 1999. Isolation and

   quantification of  tuliposides and  tulipalins in tulips

   (7leilipa) by  high performance liquid chromatography.

    Contact Dermatitis  40: 300- 309.

Eady C., D, Twell  and  K. L{ndsey.  1995. Pollen viability  and

    transgcnc  expression  fol]owing  strage  in honey.

   Transgcnic Res. 4] 226-231.

Fujimura, M., M. Ideguchi, Y, Minami,  K. Watanabe  and  K.

   Tadera, 2004. Purification, characterization,  and  sc-

    quencing of  novel  antimicrobial  peptides, Tu-AMP  1

    and  Tu'AMP  2, from bulbs of  tulip (7bulipa gesneriana

    L.). Biosci. Biotechnol. Bjochem, 68: 571-577.

IIausen, B, M,, E, PrateT and  H. Schubert. 1983, The

    sensitizing  capacity  of  Alstroemeria cultiyars  in man

    and  guinea p{g. Contact  Dermatitis 9: 46-54.

Henin,  F. and  J. P. Pete, 1983. Synthesis of  unsaturatcd

    butyrolactoncs by palladium  catalyzed  intramolecular

    carboalkoxylation  of  homoallylic  chloroformates.

    Tetrahedron Lett. 24: 4687-4690.

Hutchinson, C. R, 1974. A  synthesis  of  tulipalin A  and  B and

    the acylglucoside,  tuliposide A, fungitoxic agcnts  from

    Tiilipa gesneriana.  Carbon  13 nuclear  magnetic  reso-

    nancc  analysis  of  anomeTic  configuTation  in acyl-

    glucosides. J. Org,  Chem,  39: 1854-1858,

Kim,  C, -S., T. IIara, P. K, Datta, E. Itoh and  M, Horiike.

    1998. Insecticidal component  in thunberg  spiraea,

    spiraea thunbergii,  against  7Virips patmi. Biosci.

    Biotechnol.  Biochem.  62: 1546-  1549.

Kim, C. -S., P. K, Datta, T, Hara, E. Itoh and  M, HoTiike.

    1999. Precursor  of  a  
-methylenc-

 7 
-butyrolactone

    inyolved in the insccticidal activity  of  thunberg  spiraca,

    spiraea thunbergii. Biosci. Biotechnol. Biochcm. 63/

    152-154.

Langenfeld, R. 1970. Beitrljge zur  wirkungsweise  anti-

    biotischeT substanzen  aus  gartentulpen TUIipa

    gesneriana auf  bakterien. LandwiTtschaftliche und

    Technische MikTobiologie 124: 460- 467 (In German).



Japanese Society for Horticultural Science (JSHS)

NII-Electronic Library Service


