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Ultrastructure and Development of Nonarticulated Laticifers in 
Seedlings of Euphorbia maculata L. 
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The ultrastructure of nonartlculated laticifers in the seedlings of Euphorbia maculata was studied at various develop- 
mental stages. The apical regions of the seedling laticifers growing intrusively contained large nuclei with mainly 
euchromatln and dense cytoplasm possessing various and many organelles such as rich ribosomes, several small vac- 
uoles, giant mitochondria with dense matrices, rough endoplasmic reticulum, dictyosomes, and proplastids. This 
result suggested that the apical regions of laticifers were metabolically very active. Laticifers in seedlings at the first- 
leaf developmental stage did not contain latex particle. In seedlings at second-leaf growth stage, the laticifer cells 
contained numerous and elongated small vacuoles. These vacuoles appeared to arise by dilation of the endoplasmic 
reticulum and frequently possessed osmiophilic or electron-dense latex particles. The small vacuoles fused with the 
large vacuole occupying the central portion of the subapical region of laticifers, and then the latex particles were 
released into the large central vacuole. The latex particles varied in size and were lightly or darkly stained. Proplastids 
with a dense matrix and a few osmiophilic plastoglobuli were filled with an elongated starch grain and thus were 
transformed into amyioplasts. Latex particles were initially produced in the laticlfers after seedlings had developed 
their second young leaves. In seedlings at forth-leaf stage, latex particles with an alveolated rim were found in the 
laticifers. 
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Laticifers are specialized cells with an exudate, a 
latex or milky sap. The latex (x)nsists of various chem- 
ical substances such as a complex solution of sus- 
pen(led particles, which are useful economically and 
biomedicinally (Fahn, 1979; Calvin, 1987). N()narlic- 
ulated branched laticifers are chanlderized by multi- 
nucleated (:ells and their intrusive apical gr()wth 
(Mahlberg, 1993). ]his cell type has been studied at 
the subcellular level in many latex-producing plants. It 
has commonly been suggested that in several species 
a large central vacuole develops during the differenti- 
ation of laticifers; eledron-dense latex particles or 
osmiophilic globules art, then releasc~l into the vacuole: 
Euphorbia rnarginata (Schulze el al., 1967), Nelumbo 
nucifera (E~lu and Ko,~ikai, 1975), A~(:l,,pia.s syriaca 
(Wilson and Mahlberg, 1978, 1980), Fk:us (:arica 
(Ra(hmilevitz and Fahn, 1982), Euphorbia pulcherrima 
(Fineran, 1983). H~)wever, cellular conlponents par- 
ticipating in the formation of latex parli(les (lifter in 
the various plant species. Latex l)article~ have l~en 
reported to arise in the cyt(Jplasm ol -faraxacum 
b/come (Heinrich, 1967), A. syriaca IWilson and 
Mahlberg, 1980), and /4 carica (Rachmilevitz and 
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Fahn, 1982i, in Golgi vesicles of Euphorbia characi~s 
(Marly, 1968), in association with rough endoplasmic 
reticulum ()f C, netum ,~nem(~n (Bencke and Her- 
rmann, 1978), and in small wicuoles of N. nucifera 
(E.~u an(I KoMkai, 1975)and I. i)ulcherrima (FineBn, 
1983). 

1he pur|x)se ()f this study was to investigate the 
ultrastru(ture of nonarti(-ulaled laticifers of Euphorbia 
maculata at various deveh)pmental stages and to 
determine the site of lhe f(~rmalion of latex particles 
and the lime when the latex particles are produced in 
this planl. 

MATERIALS AND METHODS 

Seeds of E. maculata L. were soaked on the moist 
filter paper in petri dishes at in the clark and at 28"C 
in an incubator. Seedlings with the first young leaves 
were colic( ted t<) obserw: laticifers at the early devel- 
opmental .stage. Greenhou~-grown se~_~Jlings which 
had devel(bped their sec~,ld to fourth young leaves 
were c(~llecled to chara(~erize I he fine structure of 
laticifers at the subsequent stages. 

Whole seedlings were prefixed in 4% glutaralde- 
hyde or 2,5% glutaraldehyde-2% paraformaldehyde 
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in (}.1 M s( i ( l ium ,,',lcD(lyl, i l{ '  I}ull'l~r i i ) l t  (}.8} ,it r(}{}m 
I{tml)or, llLIr{' 1{ )r 8- I 2 h. lh { '  ~h{,  }l ,i l}i{ <il .~(,l!,lli('nls 
wi ih  lh~' .v{}un~ l{,,lvl.,~ w{,r(, {,• , in{I <l( l( l i lh)nii l lv 
t}r{ , l ixet l  I{}r 1-.? I1. Al l  m,l l i ,r i , l l~ ,A'l,l{, t}{}sll ix{,{I in 1% 
()..().i ilt (}. I M s i } ( l ium { , i { ( l ( ly l , lh ,  liulT{,r , in{I (l l,hy- 
(Iral{,(I Ihr{ }i.l~]i <ill i , IhTl  ,ll~ (}ll, ,l",i{ {,1{ }hi, ..i,ric,~ 1~ 
, Inhy( In ,lis <l{ { ' l ( l i lo .  Tic,t i t ,  i l i{,(( ,~ ;~ { ,i{., {,ml }~,( I{1{,{I i l l 
Sl}url"S r('sill {Slitlrr, ]<)(){}}, i}(llynlt,ril(,(I ,il t,{)"{ l{)r 
2(}-2.1 II, , In{l 111('I] s{ ' { l i ( , I ] ( ' l l  (,11 <1 l '~l l l ( , r- I lhlnl  M T 2  
ulir, lmi l  r()ll)lTl(, wi lh  ~l,~s~ Rnill,. ~<,( li()ll.~ n l ( l l i i l l {x l  ~ln 
~ri{ is w , ' r e  '~l,lin{.xl w i i h  ur, invI  ,i~ (, I , i le , in l l  lead ~ii- 
I',lt{X SI){ ' { im{ 'n ' ,  \.v{'ro i 'x, in l in{ ' ( t  , in{I i}h{)h,~r, i l }h(,( i  
w i i h  Phil i l}~ I M  .101) Ir, in~mi~i~}l~ ( ,hTlr ( } i i  nl i {n~-  
~{(l l} l ,  ,ii {D(} I,;V. 

R E S U L T S  

I.al ici l{,rs w{ , re  {,t}si>rv(,(I in .~(,{,(l l in~ ,il v<irii}ll~, 
( i{>v{' lol}nlt, l l l i l l  sl(i~{'~ i l l  w h i c h  IIl{, Iirsl I(, l l i u r lh  
ylliLIll~ I{',iV{'s had (l{ 'v(' l I , l i(,I. l h ( '  I(,n~lh!, i l l  Ih(, 
Vl)Ull~ le,iw,<> vv{,r( ~ in Ih{, i,111~( . (,I Ij.J; m i l l  I,, 1 n lm.  
In lho  s{,e{l l in~s, I<ll i( i l{.r- I l l ,hi \ ; .  I l l{, sh{ , , I  , l l} i(( ,~ 
Wel'{' tihs(.,rv~ ,( I. 

Usinp, <1 {r i l{ . l i~}l l  {}1 (vl(} l{ igi{. , l l  t{,<iltir{,~, th(, hill{ iliT.,, 
I } { ,h lw Il l{, ~h(,} l  <ll}i{('~ {:,ll.il(I h(' ( l i~l in~uish{,(I  in l { i  
Iw{)  r{,~i()ns: il ,it}i{.,tl i(,~i{}ns ~r i>win~ i i l l rus ive lv  
I)elv~.ei,n n{, i~t i l i (~ri l l~ t} , l l { ' l l ( 'hynl,  ih lll.~ <ell., ,111(I ii i 
SI.il'),it}i(,ll I'l'~i~}il.', hi( .al l ' f l  ill Ih~, [ir~l in l~ , in(xh,  irl 
wh i {  h i,lr~e { t ' l i l n i l  v,i{ tl(Ih'~, w e n ,  ~l(,w,l(,Ix,t. hi t t ) i ,  
sll_l{Iv lh{ '  l in(, s l ru{ ' lur( '  , l i  I, i lk i i ( ' r~  in s~,(()nil- l{,, l l  
sl<t~(, si,e{liin~.~ wi l l  n lm i l l v  t ie (1(,.~{ r~! }l,(t. 

A p i c a l  R e g i o n s  

r h o  , l i , lnl(, t(,r (~f tht ,  al}i(:,ll re~ioll.~ (}f kil l( if{'rs w,i.~ 
n,lrr( l~.{,r (~)ml}<ir~.,{I w i l h  Ih, i l  (}1 r t , rn, l in in~ ,,lil},it}i{. ,il 
re~i(lil.~ The ,lt}ical n,~i,>ns ~lx,w inl(} inh,r (e lh l l ,  ir 
.~l}a{t,s ()i" ,i(li<l(',,nl ll, l r~>ixhvnl,  llf)tl~ ~(,11~. Ni.l tk ' i  
were  I,n't4{., ,(ni l  { ' ( inl( i in{,( I  in,l inI,v {.il{ hr ( i ln , l l in  ,il Ih{, 
, l l} icdl i (~i(} l l~,  l)(;ns(~, c).'l~ ~l}l<l~m a ~,nl,iil-i(,d iic:h i-il)~ }- 
S()lll{,.% sev(,nl l  ~nl,il l v,i(tj~llt,.~. V, lii( ,11,, {(>11 (,r~anell{,~ 
such ,i.~ m i l ( x i l on ( I r i , i ,  i l ,u~h {~nill,lJl<i.~nlit i ( , l i l l i l i i n l  
ir-ER), { l i d v ( l ~ n l e s .  <ili(l lli'{)l}l<l.~lid~ i t - i~ .  I , in(I  31. 
(;i<lnl mil(l<:h~lnlhi<i ~Ailh (l~,n~, rn,ilri(:(,~ , in{I we l l -  
(Ji,v{,I(lt){,(I {:r iq, l l ,  w t , re  l r( ,clui,nl lv (ihs{,P,.'(,(I. Ih }n-  
gated !}riJl)l,lsli{Is { l i n l a M i x l  (Ien.,(' m, i i r i ( { '% ,111r ,i 
It~w ~}smi( i l )h i l i ,  i}lasl{}14h)t}l.lli wi , r { ,  Ic iunl l ,  wh i l e  n(} 
Ihylak{, i ( I  i l l l ,ml ir( i f l { , . ,  ,111(I ~,l,lr(h gl'dillS vv{,r{, 
()l)st,rv,,~l. I hl~.,t.,vl,r, {hh, l ( } l } l ,  isl~ il l , i( l i , i (~,nl t),ir(,n.. 
{:kyi-nal{ }us {:<,lls h<l(t 'w(,l l-(l(,w,l, >t x ,d  ~lt i l l , l ]  Ihyl,t- 
[(li(.l~. Miis l(~<iliJr{ , ()I  lh{, i)l<i~li{l~ <lll(>wl,{t il.-. l(J (',i~il 7 

~li,l~.'(l Ih<' l,lli~ if(,rs g n ) w i n g  w i l h ,n  ne igh lx } r i ng  p,'u- 
,n, l,v~ n, lh ,t,~ ( ell~. N( } i } l , l~, l l ( .  I{'~nl,ll, l l t x innec l  ions 

l)(>lwi,(,n I l le l,ll i{.if(,r ,i11{t i} , l rOlx:hvnl<l cell~ WPle 
i, lttn{l. C{,I I  w,  dt~ (~1 I<lli{:il~'l~ w{,r( ,  s~ml(,wh<ll ih ickPr  
Ih, nl Ili{)..,~, , l l  .idi<l{ (,i l l  t) , l r t ,n(:h'ynl, i l (}us cells. Sci{ h 

vl~il~,~i{ ,il I{<,illli{,,~ wl , r { ,  .il.~l} ~iinil<lrlv ol)sel3/t,d al 
lh(, <il}i<,tl i'{,~i~ lily, ~ l ( )w in~  in l ru~ i \e ly  in Ii1{, se{,{lliil~4S 
< ii f i N -  I( ~ 1{ x ir l i l- l( '<l[ (l{,v{ ,ll ) 1 )nl(x l la l  sl<l~es. 

I i~ l ( , ln , l { ,  (ll lhe  ER w( ,n ,  l},~rli,lll.~, d i l , l led and  
I{ )i ill(>(i i,I, ilit2,,itf,(I ()r l l . i l lul, lr ~in, lll v,l(.tll}l{-~.s (Fil4s. I 
, illl { .I t. l h t ,  t,l, ,n~,il l ,{I  sill,ill ~.,i( u( ,le.~ c( ) l l l i l in{ ' ( i  ( ' l ix :- 
ill~n-(t(,n<,t , l),U!ich,. ,, i l l - (N i l i l> l lh i l i { :  ~ lohul t ,s  iPi,q.~. 1, 
.t. ,In(l 3), ,(nit  lh{ , i l  v, l t t l i l l ,  i r  nl{,i~lt}i'<ln{,.~ w e r e  ll.is{,(I 
1~, (.'<i~ h ( l lhol  I : i~ .  :._ } <in{I 31. Ih( ,  v , i {uo l , i l i ( in  o1 [ R  
~ i~l(,rn,l{., , in{t th(. lli.~i{)ll ()1 1t1{, v,i{;u(}l,lr in{ ,ml}r ,  in(.,.,, 
w(, le  ,lls(i vk i l  iic, <ll Ih{, .~ull, i I i i { , i l  i ~,~4i(in.~. 

S u b a p i c a l  Regions 

\ l<Ir~e v<i<;, &' ~, cupi~'d tim ((,ntral porli{)n ~)f lh{, 
'.lli ),i l)i{ <il r~,~i( ,n {~I lal i{ifi .r.,< wllen,a.,, several .,,m,dl 
,lll, I t,h ;i117,,iI(,iI V,I(;I.II)I{'s w('re h. ,il~x I in a thin lay(tr 
~,I ix . r i l ih{ , r ,  il , y l { i l l idsm. In lhi> l~ili<'iier.~ {)I l irsl-le, li 
-,hLu/' -,(xxl l ing~ l, i l{,x ixu l i {  h,,, w( . re  n(}l i~}un{l in lhe 
, ( .ntr ,  il va{ li(~l,, ant l  in l l i{ .  Ix..r i lhi(,ral {yiol)la.~ri~ ~}I 
l, i l ici l(,rs, .ml, ill vd {uo les  w~'r(, I t~,(-'(i w i l h  a cenlr<il 
, ,~e, <ind n,} l}l,lslid-~ had ~l,li{ Ii grains and  ihy lak( ) id  
lll~llll)r.lll('.~ {Fiq. (~). 

in ,,{ ,{ ~ ,n(I.-I~ ',,f :-,h ige ~ x x  llil ~g.,.,, II x ,  vacclol{,.,> (:{ mla i r l -  
in.'., l, i lex ll, lrli{ k,~, graclt l ,dly lus(,{l w i l h  a large cenl ra l  
:,, i , i . i ,} le I I i~ .  :.'), <uxl lht,  ix i r l i {  le.,. w e r e  released it(l() 
lh,> (enlr, d v,i( u{ }l{. II:i~. 8i. lh(. ,,i/e ~}f lhe lal.,x l)arli- 
~h.s v, lri(,~l an(l lh~.. l)arli~l( ,,, ~.~.~,., densely ~,r li~hlly 
m~ir,,~l. AI IM., ~la~e, l)l,lsli(l,~ h,~(l n~} Hwlakoid mem- 
br.ui(,,, l)ul w~,r,, fill(,, I wilh ,in {'l.,%m'd ()r r.d-shdlx,d 
,.l,~rch ~r, la01. <lli{l {,venlu,illv Ir, ui~.I}~rme(l inl(} .m~ylo- 
pl,lsl.s d:ig. '},. hl lali{if{-,r,~ l)t,h,~..~, il'i(, .,,li(~(>l ,il}ice.,> ~}f 
I( ,~ ir lh- l( , , i l  .,I,ige s(,i-,dling.% In i lhv  l ig l l l ly-slair le{ l  latex 
p,~rli~ :k,.,, w~>r(, hx.,ClUenlly ~)h~,~,r~.e(l in {.,longate{l va{ u- 
~,l(,s ,uxl in llx. Idr~, (;enlr,d \<i( u~le {Fi~. I()). 

D I S C U S S I O N  

O n e  ()1 Ihe m{)sl slrikin~4 fealu~e.,, ol Ihe nonar l k  u- 
id led lali< :il~'r~ i', I l l ( '  I}ran( h in~  dn(I  in l rus ive g r o w l h  at 
lhe l; 1} 0P~i{,f~, Ix-,lw~,en ,ldja{{.,nl ~:(,11~ (Mahlt)er~. 
lu9 I;. In lh{,.>(, regions, lh(, (l{,ns{, (ytof)lasm l.()ll- 

hl ine{ I  I, irgt '  lltnclei w i t h  ( ,u(hr ,  ml ; i t in  an{ l  v, l r ious 
,>l~an(,Ih,~,, i n~ lud in~  rilx>.,,(,nx,s, r-ER, m i l ( x h o n d r i a ,  
{l,iy{ 3s~ }me',, ,m(l l}r()l)l.lstid.~. Such c'ylol()gk'<il fea- 
llJ,~.,, indic.il{.{l lh.il lh{. mehlh,}lism <il Ihl, ,i[)ical 
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Figures 1-4. Ele(Iron micrographs (~f lhe apical r~gions of lati('ifer, l~.~l(~w the shoq ,l apices ()f I. maculala seedlings with the ~(:- 
ond young leaves. 1. An apical regimen (~f laticifer seclic~ned l()ngiludinally has a l, lrge elongated nucleus (N) and a (lense c~r - 
plasm including rich ribosomes, .~.veral small vact,(~les (v), pr~plastids (Pp) wilh a (len.~ .~ malrix and a lew c~smiophili(" 
plaslo.globt,li. 13ar= I [urn. 2. A transverse view of the al)i('al region ~t a lali( il(.r ~h~,ws a large nu(leus IN) wilh eu('hronlatins and 
various cell org, lnelles such as mil~t'h~ ~ndri,1 (M}. rt ~ugh endol)la.~mi~: reli('ulum Ir ER}, di(ly(~s~ ~me (I)L l)r~ ~|)laslids (PI)). Bar = I 
p.m.g. Cisterna ~)f ER is l)arlially dilated and l~)rms an el(~ngate(l small va(uole (\'). M, nlit(~*h,~n(lria, l]ar=().1 lam. 4. ~,veral 
small and el~)ngated va~:uoles (vl (:onlaining d,~rkly stained latex l)atli( l,,s eL! ~,nd nleml)ran~us strti~lur~. D, di(ly()~m~es; M, 
mit~chondria. Bar=0.5 pro. 
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Figures 5-10. I.h,,ln~rl m i (n  ~gral)hs ,~I Ih~, ,ll.)i~ al (t ig. Si and sui).ll.,r ,~l r,,~h,l,, (li,.~,. ,, t')-l()~ c~l la l i ( ih ' l ' ,  I,l'l,)~,,, I l l , , ~hc.d al) i (es o1 
E. nlac~d, lt,~ ,,~,(,(llin~, w i lh  fir~,t [l:i~. t~). ~e~on(I d i ~ .  :S, 7-~h, and t(, t l l lh fl:ie,. I(}) y,,un~ le~l,,,~,,,. 5. :\n ~,l~n~at~,d va('uol~, ('(~nlain- 
ing late\  par l r  h,,, {I ~ i,, (Oll l l ( , , ' l ( ,d wi th  ,tn, dher ~,ne (v) by FR (i41~,rn.i. bmall va, ~l, ,le~, an, Il.lsin~ ~.,ffh ,)th(,r (,llr,)w.~). Bao= (~ I 
.Lira. 6. l ransw,l~, l \ .  ~. ( ' l i , , l ( ,d lal ici l l 'L N,) lalex i~arli(le-~ ,~r~' vi,~ibh, i,~ lhe num,. 'r~.~ ~,mall va(u,d~."~ Ivi .~1 the ix:riph~,ral (~,,I,~- 
i)la.,,m ,,nd in a ,  enlral lar~ '  ~01(' ~( IVy. Iw,, small ,,acu, ~t(,~ Iv! are ~n,~, I)~ratin ~ inr .I ( V. I~ropla~hd ~PI ~) ha~, a d~.n~, matr ix an d 
a few o~,n'~iophili~ i)lasl~)p,h d~uli. N. nu, I~,u~; M, m01,~cll~ndri,~. I~ar: (). I I.Im. 7. l r ,~ \~ , rne ly  se~ l i~, l , 'd lali~'iii,a: ,.\ ~,mall vacuole (iA 
~onlainin~ lalex i)arti~ les tl.) i~ lu.,,in~ ~ i l h  an~,lh~,r ~,l(, (ii~. Ihey ane .,1~ lu.,,in~ ~',ilh a c~.,nlral I,~r~, va~ u,~le (CVI. The va~u ~dar 
men~l)r,me ol lh~, .,,mall va( uole iii) al)l),..a~ I(~ I),, l~a~lially tl~,~ra(l(,(l ~,,rn~wL l~dr : ~) "~ .urn. 8. I ~,~.~d~, hndlly .~.,~lioned lali~ ifer. A 
lary,(' (~.ntral va( u()le l (%g ( i ,llldiliS n{ll1|(,lOllS (l , lrkly or l ighlly stain,.,(l la te \  l),irli,l~ ,< (I.I. Small v,l(u~)le,, (,,; l),)ss(,~sin~ lal~.,x l),irl i - 
('I(~ (L) in lhe l)~'ril)her, ll ,),l~ ,l)lasm an, lu~ing ~,,irn ,w) wi th  ,I (.XI. l$,,r IL ~, l.lm. 9. : \  l~Idslid ~f lali~ i ler h,~ d l,Hg(, an(l eh~ng, l le( l  
slarch ~.,,rain (Sgl, but no lhyl,~k,)id m~,mhran~,, l ] . i r - :  I l.m~. I0 .  An~,lh,,r lyl.)t, ~I l,d,,,, l)a~li~ l~,s ~I ), w i lh  an , i lveolate(l r im larrows~ 
in f i le ~.h~ngaled v,~('t,~l~.,~ ~\i al lhe l)erildl~'ral ~ 3l~,l~la~m and in lh~, c(,nlral larg~' vd('uol~, ff.'V,L , \m~wl,ead indicales where a 
small ~..,(uole i~ iLl.~e(l w i lh  ,~ larg(' ( (,nlr,11 one. IL~, ..-.()., .l.iFn. 
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region was in a highly active state, which would con- 
tribute to the intrusive growth of the laticifer tips. At 
the apical regions, enzymes like pec~inase may be 
synth~ized and secreted, which may solubilize pec- 
tic substance of the middle lamella of adjacent cell 
walls and facilitate the apical intrusive growth (Wil- 
son el al., 1976). 

The rubber component of latex is usually visual- 
ized as the osmiophilic globules in eleclron micros- 
copy (Wilson and Mahlberg, 1980). These electron- 
dense particles have been identified as latex particles 
in the laticifers of many other latex-pr(~ucing plants 
studied. It has been found that various cellular com- 
ponents are associated with the formation of latex 
particles in different species (Datla and lqbal, 1994). 
In E. maculata, dilated ER cisternae were transformed 
into elongated small vacuoles, in which electron- 
dense, latex particles were formed. This feature was 
very similar to those of the laticifers of tq. nucife.ra 
(Esau and Kosakai, 1975), A. syriaca (Wilson and 
Mahlberg, 1978)and E. pulcherrima (Fineran, 1983). 
On the other hand, the latex particles of lalicifers may 
originate in the cytoplasm in /~ bicome (Heinrich, 
1967), A. syriaca (Wilson and Mahlberg, 1980), and F. 
car/ca (Rachmilevitz and Fahn, 1982), in Golgi vesi- 
cles in E. characias (Marly, 1968), in association with 
rough endoplasmic reticulum in G. gnemon (Bencke 
and Herrmann, 1978), and in small vacuoles in /'4. 
nucifera (Esau and Kosakai, 1975) and E. puldlerrima 
(Fineran, 1983). 

An alveolated type of latex particles observed in the 
laticifers of forth-leaf stage seedlings was not reported 
in the other latex-bearing plant. In several plant spe- 
cies studied, electron-dense latex particles are usu- 
ally round and variably sized. In laticifers of A..syriaca, 
latex particles are coated with electron-dense fibrilar- 
granular material (Wilson and Mahlberg, 1980). 

In E. pulcherrima, the electron-dense matrix of the 
latex particles may originate from the wlcuolar sap 
(Fineran, 1983). However, we could not detect the 
origin of the latex particles matrix in E. maculata. The 
origin and chemical nature of latex particles in E. 
maculata would need to be addressed in subsequent 
work. 

No plastids with thylakoid membrane and starch 
grain were found at the apical regions of the laticifers 
in all seedlings observed. Plastids existed as proplas- 
tids and were visible at the subapical regions of the 
laticifers in seedlings with the fimI young leaves. How- 
ever, the proplastids were filled with an elongated 
starch grain and so were transformed into amyloplasts 
during the second-leaf growth stage. Mahlberg (1975) 

i/as suggested that the elongated starch grains in latic- 
ifers are derived from the round or oblong ones in 
parenchymaous cells. It is thought that a discoid type 
of starch grain is phylogenetically considered to be 
the most specialized and an osteoid one is intermedi- 
ate. In (~lolropis, the parenchyma cells have round 
~r oblong starch grains which are aggregated to form 
an osteoid lype in laticifers (Datta and De, 1986). 
Starch accumulated in laticifers does not utilize dur- 
ing plant growth (Biesb~r and Mahlberg, 1978). It is 
conceivable that laticifer starch grains might carry out 
any function like plant protection. Considering that 
osteoid type of starch grain (:an aggregate with itself 
easier than round or oblong type, the osteoid type 
may be more beneficial in plant protection. It could 
I~ interpreted that more specialized type of starch 
grain like oslc~)id or di~'oid type may more effective 
in occluding laticiferous tubes and in preventing the 
bleeding of latex contents, similar to as the formation 
of blo(~ clolting in animals when tissues are cut. 

A C K N O W L E D G E M E N T S  

This study was partially supported by a research 
grant from Chosun University to KBL in 1994. 

Received [X:cember 16, 1998; accepted March 8, 1999. 

LITERATURE C ITED 

Bencke HD, Herrmann S (1978) Fine structure and 
development of laticifers of Gnetum gnemon L. Proto- 
plasma 95:371-384 

Biesboer DD, Mahlberg PG (1978) Accumulation of 
non-utiliable starch in laticifers of Euphorbia hetero- 
phylla and E. myrsinites. Planta 143:5-10 

Calvin M (1987) Fuel oils from euphorbs and other 
plants. Bot J Linn Soc 94:97-110 

Datta SIG De S (1986) Laticifer differentiation of Calotopis 
gigantea R. Br. ex Ait. in culture. Ann Bot 57:403-406 

Datta SK, Iqbal M (1994) The laticiferous system in was- 
cular plants. In M Iqbal ed, Growth Patterns in Vascu- 
lar Plants. Dioscorides Press, Portland, Oregon, pp 
137-161 

Esau IG Kosakai H (1975) Laticifers in Nelumbo nucifera 
Gaertn.: Distribution and structure. Ann Bot 39: 713- 
719 

Fahn A (1979) Secretory Tissues in Plants. Academic 
Press, London, pp 224-248 

Fineran BA (1983) Differentiation of non-articulated latici- 
fers in poinsettia (Euphorbia pulcherrima Wild.). Ann 
Bot 52:279-293 

Heinrich G (1967) Light- und electronenmikroskopische 



62 Lee and Mahlberg J. Plant Biol. Vol. 42, No. 1, 1999 

Untersuchungen der Milchrohren yon l~rax,~cum 
bicome. Frola 158:413-420 

Mahlberg PG (1975) Evolution of the laticifer in Euphor- 
bia as interpreted from starch grain morphology. Amer 
J Bot 62:577-583 

Mahlberg PG (1993) Laticifers: An historical perspeclive. 
Bot Rev 59:1-23 

Marly F (1968) Intrastru(lure des lati(iferes differencies 
@Euphorbia characi~s. C R At ad 5('i 267:299-302 

Rachmilevits 1[, Fahn A (1982) Ultrastructure and devel- 
opment of Ihe laticifers of Ficus c~Jrica L. Ann I?~t 49: 
13-22 

Schulze C, Schnepf E, Molhes K (1967) Uber (lie Lokali- 
sati~n der Kautschukpartikel in verschiedenen lypen 
yon Milchrohren. Flora 158:458-460 

Spurr A (19693 A low-viscosity epoxy rosin embedding 
medium for electron microscopy. J Ultrastr Res 26: 
31-43 

Wilson KJ, Mahlberg PG (1978) Ultrastruclure of non- 
arliculated laticifers in mature embryos and seedlings 
of Asclepias syriaca L. (Asclepiadaceae). Amer J Bot 65: 
98-109 

Wilson KJ, Mahlberg PC, (1980) Ultrastructure of devel- 
oping and mature nonarliculated laticifers in the milk- 
w ~  Ascleplas syfiaca l. (Asdepiadaceae). Amer J Pot 
67:1160-1170 

Wilson KJ, Nessler CL, Mahlberg PG (1976) Pectinase in 
Asclepias latex and its possible role in laticifer growth 
and development. Amer I Bol 63:1140-1144 


