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The Isolation of Photoact ive Chloroplasts from L eaves of the 

Mangrove, Kondelio condel Druce 

Norik ats u l KEHARA~ F usako SASHIDA* 

and Takako S OEISHI * 

Sum mary 

A me th od foz' iso la ti ng photoacti ve chl o r o pla s ts fr om ma ng r ove lea ves 

was inves t iga te d. Chloroplas ts wi th th e Hill r eac t io n ac t iv ity ( I)h o to r edu c ti on 

of fc .... icya nid e ) we r e iso la ted fr om the leaves of a ma ng r ove plant, Kun de/itl 

c(lIIde l Dru ce, by c mpl oy in g PEG" in the g ri nd in g mediu m. So me chuac te-

z'is ticsof thesec hl oz'op la s ts a l'epresented in th is pape r . 

Grind ing medium fOl' is o lating pho toactive chloro plas ts is co nsisted of 1 

M SUCI'ose, 10 % ( W / V) P EG 4000, 0. 0 25 M sodi um iso·asco rba te, 0 .05 1\1 

ma gnes ium c hloride a nd 0 .05 i\'1 h is tidine buffe l'cd at 1'1·1 6.5 will. HC !. 

Ch lo rop la s ts is olated without PEG l' eQ uced fe rl"i cy a nicic cons iderab ly in 

the da r k. Howcvcz' , fe l'l'i cyanid e red uction in the dar k was el cc l'cased by 

additi on of PEG in the g rindin g medium. A po ss illil ity o f Lannin s a s th e r e' 

duclonL is c xamined 

1. Introduction 

The r e ar e num e rou s r c po l'ls on the studi es on the Hil l r eac tion in isolated chl o

r opla s ts from th e leave s of he rba ceous plants s uc h a s s pina ch. 1- 3 ) In woody plants, 

how eve l', o nly a fe w work ha s been done on th e Hill r ea c tion because of difficu lti es 

in iso latin g photoi1 c tive c hlor opla s ts, probably due to the hi gh c onte nt o f r es ines, 

tannin s and s om e o the r s ubs tan ces which affect th e act iv ity of th e H ill r eact ion in 

v it r o. 

Ok u a nd To mita·l ) has r ec e ntl y de mons trated that ph o loactive c hl o rop la s ts could be 

iso la t ed from I'c s in e· ri c h pin e leav es by emp loying PEG in the is o lat ion med ium . 

C hlor o pla s t.s with hi g her activitie s have been a ls o iso lated f,'om cotton le aves by 

10 % (W IV ) PEG in stead o f 0.5 M s ucrose is o lation medium. 5) On the other hand, 

Clend e nn ing el al. 6 ) ha s im proved a method for is o lat ing photoactive c h lor o p lasts 

fro m tannin· bea ri ng leaves (e .g. Rh us lyphina ) wi th th e aid of PEG , Thu s. it is 

pos sibl e to obtain photoac ti ve c hloroplas ts fr om th e le ave s of woody p lants when 

som e pol y me r s s uc h a s PEG ar e a dd ed in the iso lati on med ium . 

Rec ie vcd; Ap ril 30 , 19 75 

· De pt. of B ioI. , Sc i. & Engr. Div ., Un iv. of the Ryukyus 

.. "Abb re viatiuIlS: PEG, pulyethy le ne g lyco l; DCMU, 3- (3', 4'-di c h lo ro!>h e nyI) -1 , I-d ime thyl urea. 
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Hereupon, in th e upper ill lel't idai zone of tropica l and s ubtropica l s ho r es, we can 

often find a s pe cia l plant commlmity co ll ectively known as mang rove vegeta ti on. Many 

s tudi es on th e eco logy and physio logy of mangrov e vegetation ha ve bee n mad e, for 

rea so ns o f th e adaptat ion of th ose woody plants in th e ir hi gh sal inity hab ita ts. 7-9) 

How ever , littl e has s o far bee n done on the studi es of s ubce ll ular pa rt ic les s uch 

as ch lo l·op las t s in mangrove leaves, probably due to the ab undan ce of tannins. T hese 

re sults promp ted us to s tudy th e iso lat ion of photoactive ch loroplas t s from the leaves 

of ma ngrove t r ees. 

Thi s paper dea ls with a me th od for iso lating photoactive chloroplasts from the leaves 

of mang r ove. Kandelia cande l whi ch dominates the mang l·ove vege tati on in Ok inawa 

Island. In th is study, we succeeded in the iso lation of chl o r op lasts with the Hill 

r eac ti on act ivi ty from thi s plant by em pl oy ing PEG in th e 1 IVl suc r ose gri nd ing 

medium . Some chara c te r istics of this ch lor op last pr epara tio n and a poss ibility of 

tannin s as some inhi bi tory factol· s a r e di scussed. 

2. Mater ials and Methods 

Th e leaves of Kand. elia c alldel Dr uce '.ve r e used for isolating photoactive chlo

ropl asts. T hey we re co ll ec ted at th e mangro ve s wamp s of Is hik a wa riv e r. Hijya

gawa ri ve r a nd F usoz aki riv er and s tored over n ight at 0-4 0 C to digest excess 

s tar ch in t he le4:lves. Th e lec:lVes fr eed fr om midl' ibs were c ut in to sm all pi eces) 

washed wi th deion ized water to remove excreted sa lts and then g r ound in a mix er 

with the medium (medium I in Fi g. l ) wh ich co nsists of 1 M s uc r ose, 0.05 M MgC h . 

0.0 25 M Na- isoasco rbale, 10 %(W/V ) PEG and 0.05 M hi s tidi ne- He l of pH 6 . 5. 

Th e homoge nate was filte r ed through 4 laye r s of cheese c loth to r emove lea f and 

ce ll deb r is, and the f iltrate was then ce ntri fuged at 4,000 x g for 10 min . T he 

sed iment whic h contai ns ch lor op las ts was suspended in th e med ium (medium 2 in 

F ig. 1 ) from which PEG and isoasco r bate were omi lted, The suspens ion was cen

tr ifu ged at 2,000 x g f O I· 3 min , and the sed im ent was di scarded. Thi s removed 

debr is and so me inhibi tory fac to r s. Ch lor opla s ts with photoac t ivi ty we r e then sed

im ented from s upe rnatant fl uid by cen tr ifuga ti on at 10 .000 x g for ] 5 min. The 

chlorop las ts we r e s us pend ed in s ma ll amounts of th e sa me med ium . All th e pr oce-

dures descr ibed abov e we ,·e carri ed out at 0 ·4 G C. 

T he Hilt r eac ti on ac tivity was assayed spectrophotome tri ca ll y by meas uring the 

dec r ease in abs orbance at 420 nm of potassium ferricy anid e as H ill oxidant. IO ) Basal 

r eacti on mixture con tain ed the fo ll owi ng per 2 ml : histidine-HCI (p H 6.5 ), lOOj.lmoles; 

magnesi um c hl orid e. 5 0 j.lmol es; potassium ferri cy anid e. 2,u moles; chlol·oplas ts equi va

lent to 50- J 00 j.lg o f c hlorophy l l. T he mi xtur e in tes t tube ( l Ox 90 mm ) was 

illuminat ed at r oo m temperature by light of 50,000 lux from a pl'o jector ( ERMO · 

30 ), fil tered through a 10-Cill layer of 1 % CUS04 so lution. The r eact ion \ViiS stopped 

by a tl ding 2 IIlJ uf 4% l rich luroacetic aciu afler illumina ti on. Afle r preci pita l ion of 
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denatur ed p ro~e in hy r.f>ntT·ifu gat ion the amonnt of fe rricyanidf' r f'rl uc.f'rl in supernatant 

was de te rmin ed: C hl o r ophy ll con cen tration s we r e de te rmin e d in 80 % acetone ext ra cts 

usi ng th e ab so rption coeffi c ie nts [' e por ted by Ma ckinny. '" 

3. Results and Discussion 

McCle nclon l 2 1 has shown that pol yethylene glyco ls. linear poly me r s of formula HOCH 2 

(C H z OCH :dnCH ~ OH, are be ne ficial in isola t ing c hluropla::;L~ having highe r and 

mor e stab le H ill reaction act ivity fr om mal'ine algae and hi ghe r plant s. Recentl y , 

Oku and Tomita 4 ) ha s also s ho wn that th e use of PEG 4 000 (av e rage mo le c ular 

weight 2;1·00) was effec ti ve fo r t he pr eparation of photouc t ive chloroplas t s from the 

leaves of woody plants, conife r s . 

Th en, we atte mpted to iso la t e photoac t ive chlorop las t s from th e leaves of mangroves 

which hav e a ca pacity to grow in th e ir maritim e habi ta t. However, th ere ar e s ome 

difficu lties in is olating pho toac ti ve ch lo rop la s t s (rom mangrove le a ves in bu ff e r e d 

sucros e so lution ord inaril y used. Th ey are ( i) th e coagul at ion of c hloropl asts w ith 

other cytop las m, (ij) the enzy ma ti c brown ing ir~ lea f macerates and (iii ) the abundance 

of tannin s in lea f. These ph e nomena, ill ge nera l, ina c tivate the bioch e mica l activities 

of c hl o r op lasts , for in s tan ce, tann ins a r e irr evers ibl e jnhib itol"s of the I-lill r eaction.6 ) 

It ha s been s hown that e n zy mati c browning in leaf macerates is r es ulted from the 

action of po lypheno l ox id ase lIpon tannins a nd related co mpounds , and thi s phenomenon 

is inhibited by PEG whi c h have co nsi derab le aff inity for tannins. 6 ) C le nd enning el 

al. 6 ) has <'I ls o s hown that PEG r e moves tann in s from t he leaves. 

Wit h the a id of PEG 4000, \V e s ucceeded in th e is o lat ion of ch loropla s ts ha v ing 

Hill r eact ion act ivity (photor e duc ti on of fe rr icyan id e) fro m the tannin -bear ing man 

grove le av es. T he me thod for is o lating photoa c t iv e c hl o r op la s ts were s hown sc he 

mati ca ll y in Fig. 1. In order to mainta in th e os moti c e nvironmen t , s ucrose concen

trati ons in th e media inc r e ased to 1 M. Th is is pros pected by the fa c t s that t he 

lea f s ap of K. candel s howed hi gher os motic press ur e (about 20 · 24 bar ) than oth er 

land plan ts 13 ) a nd that burst in g of c hl o rop lasts in the l eaves of mangrove, Avicennia 

nitida, co uld be avoi ded by 1 M s uc '·ose. 14) Th e add it io n of 10 % ( W IV ) PEG could 

gr'eat ly pr e ve nt th e enzymati c brownin g in leaf ma ce "ate s, but not compl e t e ly. F ur

the r pe roxidation co uld be avoid ed by add ing ascorbate o r i soascorbate. Coagulation 

of chl orop la s t s could a lso be avo id ed by PEG. Th ese conditions gave activ e prepar· 

ations for assay. 
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I 

I 

of the Mangrove, Kandelia candel Druce 

Leaves 

I 
G round with the med ium 1* 

Filtered tllI'ough 4 laye r s 

of cheese cloth 

Filtrate 

14,000 x g, [0 min. 

I 
Sedim ent S upernatant ( Di scarded ) 
(Re s us pen ded in medium 2 *) 

1 2,000 x g, 3 min. 

Sed iment (Discarded) 

Sedi ment 
(Resuspended in s mall 
amounts of medi um 2) 

·See text for detail s. 

S upernatant ( Di scarded ) 

Fig. 1. Scheme for the iso lation of ch lol'oplasts fr om mangrove lca\'cs. 

'When th e leaves were g r ou nd in PEG containing s ucrose medium, cytopl asm is 

pr eci pitated on the chl or op las ts ( salling-out) as reported by Clendenning. 6) However, 

s us pe nclinf{ thi s c hl orop la st-cy top las m sed ime nt in PEG f" ce sucrose medium reversed 

thi s ph enomenon, and mad e it poss ible to iso late ac ti ve chl oropla sts by diffe rential 

ce ntrifugat ion of suspension as s how n in Fig_ 1. 

Table 1 s hows th e ac tivity of fCl'l'icyanid e r educ tion by illwninatiol1 of mangrove 

chloroplasts iso lated in different grindin g media with or wi thout PEG. Th e chl oro

plas ts of thi s pl ant exhibited co ns ide rable r educ t ion of fe n 'icyanid e when these were 

isolated with the aid of PEG . However, the rates of ph oto reduction \ve re sma ll in 

compar iso n w ith t hat in s pinac h chlo ]'op lasts (c a. 400 J.Lmol es/mg C hI · h). PEG 6000 

was a lso e ff ect iv e in thi s r espect. Fig. 2 shows the typica l kine ti cs of ferricyanide 



Bull. Sc iences & Engi neering Div .. U ni\'. of th e Hyuky us ( Math. & Nat. Sc i. ) 

Tabl e 1. Effec ts o f diffe r e nt medi a on th e Hill reac ti on in mangrove chl oroplHs ts. 

Fe r r icyanide I'educe d 

Med iu m 

Jimo les / mg Chl·h 

Su c r ose-s llcci nate ( pH 6.0 ) 
+ PEG 60 .8 

Sucrose- his tidin e (pl-16 .5 ) 5 .5 

+ PEG 266.0 

Sucrose-'ri s ( pH7.5 ) 

+ PEG 103.4 

Reil c li on conditions are desc ribed in Material s a nd Methods. Chloro ph y ll concenta ti on, 

100 p.g per 2 IIll vo lume. 

~ 0.3 
o 
C\l 
<t 
o 
'" <> 

1
02 

« 

0.1 

Light 

t.-il +DCMU 

Dark 

~ +DCMU 

o L-_-'-__ -'--_--'-__ -'-__ L.J 

o 4 6 10 
Time in minutes 

Fig. 2. Ti me co urse of fe rri cya ni de r edu c ti on in th e li ght and c\a!·k. Heac tion conditi ons 

are th e sa me as in Table l. Chl o rophy ll concen tnnion, 100 p. g per 2 ml vo lume. 

10ppM of DCMU II'e r e addlHI wh e ll indi cu\ ed 
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reduct ion in mangrovc chlo l'o pla s ts. The rates inc r cased lin ea rly up to 5 min ill u

mi nat ion. Th e activ ity of photol-educt ion was inhibited by DCMU (1 0 ,uNi) which is 
known as potent inhi bitor s o f th e Hill reacti on. F e rric yanide reduction al so occurred 

in the da rk wh ich ceased within 3 min, sugge s ting the pr ese nce of endogenous re o 

dllctu Jll as d isc ussed be low. 

C hlorop lasts iso lated with out PEG ex hibited coagu lation and d id not s how an y 

photochemi cal activit ie s, bu t great ly reduced fe rri cy anici e in the dark (Tabl e 2 ). The 

rates were not infl uenced by li ght. and by DC MU ( Fig. 2 ). Even th e boi led pre par· 

ation s exhib ited the dark r educt ion. The photoac ti ve chl o roplasts iso lated with the 

aid of PEG as desc r ibed abo ve a lso s howed a weak r educ tion of fenicyanide in the 

dark (F ig. 2 ), a nd the rates we r e close ly depe nd ent on the concentrat ion s of ch loro

phy l!. These res ul ts s ugges t t he pl'esence of an endogeno us r edu ctant s uch as gos

sypo l in the co tton c h lorop la s ts s uggested by Fry,5 ) T h is e ndogeno us reduct.:mt could 

be part ia ll y removed by empl oy ing PEG in the g rinding mediu m as shown in Table 2. 

Tabl e 2, E ffe ct of pol yethy lene g lycol on the dark redu ct ion or 

Po lyethy le ne g lyco l (%) 

10 

20 

fe r r icy anide in man gl'ove. 

Dar k r eduction 

J.<m o les/mg C hl·h 

226 

63 

23 

25 

Reac ti on mix ture contained the follow ing componen ts in ,umolcs: histidi ne_ He l, pi-I 6.5, 100; 

Mg C lz . 50; po ta ssium ferd cyan id e. 2 a nd ch lorop las ts equ ivalent lo 100,ug of c hl o r ophy ll in 

a vo lume of 2 ml. Histidin e_ HC I buffe r (pH 6.5 ) was us ed fO I' isolation of ch loroplasls. 

At co nce nt r at ions 10 to 20 % ( W / V ), P E G in t he mediu m adequa te ly r emoved da r k 

reductant indicat ing the opti mum concentra t ion of P EG for is ol a ting photoactive 

c hl o r oplasts be ing at 10 %. 
Although it was no t pos it ive ly pr oved, tannin ca n be conside r ed as the r educ

tant. Th e r easo ns for th is arc that PEG r emov es lear tann in which is known as one 

or the inhib itors of the Hill r eact ion, and that it al s o inhib its ta nnin abs orption by 

c h lol'o p~asts th r ough i ts aff in ity for tannin . 6) a ll the o ther hand , PEG is know n to 

cause pr ec ip itation o f som e pr ote in s in so lu tio n. 15 ) He nce, it is poss ib lc that a par t 

of tann ins in the lea f may be boun d to the protein s during isola ti on of chlorop la s ts , 
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and then precip itated on the c hl o r op lasts by the action ofPEG.6) This tannin·protein 

compl ex s ub sequently re su lted in <l weak dark r educ ti on of ferr icyanide. The use of 
poly e thy lene g lyco ls mak e it possi bl e to iso late photoac tive chlor op lasts from the 

leaves of th e man grove pl<l nt by re l iev ing some inhibito r y factors s uch as ta nnin s 

and r e lated compound s du ring t he i so lat ion of chl orop lasts . 

It has been s uggested that PEG als o resulted in th e un coupling of photophos· 

phorylation in ch lor op las ls. !6 ) S atah e t al. ! 7 , reported that in the E uglena ch lorop lasts 

in which phospho r·y lat ion is uncoup led fro m electr on flow, d iva len t ca ti ons s uch as 

Ca 2 + caused pH· dependen t acce lerat ion of I-li ll act ivity , be ing optimum at pH 6.5 . 

These re s u lts prompted us to study the effec ts of dival ent cations on the ferri cyanid e 

r eduction in th e mangrov e chl o r op lasts iso lated in t he med ium co nt<lining PEG . 

Effects of t he sa l ts, CaCi2 and J'vl gC l z on the rates of feTr icya nide r educti on in th e 

mangrove chlor·opJasts were sho"."n in Fig.3. Both Ca C l z and MgC l z caused Prominent 

400 

O..........-~COCI2 
~300 oj 
:c 
u 

I / 
a ~\ 0 t./ !200 a 

""C +MgC I.~ Q) 
0 

~ ~ " ""C 
lJ .. .. / 0 

""C 

"'A ! 100 

·E noodd.A-' ~ 
If 

t. 

0 
5.0 5.5 6.0 6 .5 7.0 7.5 

pH 

F ig. 3 Effects of CaCh and MgCI ~ 011 the Hill a c livily at vat· io us pH. The reaction mix 

tur e co ntaine d fo ll owing :pota ss iulJ1 fcnicy ani de , 2 ,umoles and c hloropl us ts con tain. 

l llg 100 j.lg ch lol'ophll in vo lume of 2 ml. 100 111M o f CaCh or ~'lgCI2 wa s added 
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acceleration of the rates at pl-l va lu'es hi gher than 6.0; the opt imum pl-I of the accel

e ra t ion be ing at 6.5 and 7.0 fOl' CaC l2 and MgC I 2 respectively. It is well known 

tha t chloride ion s timulates th e I-li ll r eaction in iso la ted chl oropl asts . Howe ve r. it 

is unlikely t hat acce le r ation of Hi ll act ivity by Ca C l i or MgC I 2 in t he mangrove 

chl oropl as ts is ca used by t he s timul ati ng effec t of chlorin e, s ince additi on of Nae l 
01' KC I to t hi s r eaction mi xtur e did not change the rates of fe rr icy anid e reduct ion. 

Th ese r es ults agr ee well with those of th e Euglena c hl oI'op la s ts iso lated by Satoh 

et al. 17 ) This inJi cales a possi bi lity that t he mangrove ch lorop lasts isolated with the 

medium conta in ing PEG are probably un co up led as s uggeste d by Miflin a nd Hageman 

for th e ma i ze chl orop lasts,16 ) However, fo r the r easo ns t hat the un co up l ing ac tion 

of PEG was not comple te in th e cotton chl o l' op lasts5 ), anothe r pos s ibility that pro

minant acce le ration of Hi ll activity by Ca 2+ 0 1' Mg 2+ in c hloroplas ts is re la ted to 

the activat ion of ATPase activ iti es in ch lorop ia s ts l S ) is also considered. T he finding 

that Na +- K +-ATPase act ivit ies in the leaves of A vicell11ia n itida wer e large ly 

s ti mu lated by Mg2 +a t pH 5.5 and 6.75 is of interest ing in this respect. Mor e de

tail ed s tudi es on th e pho toac ti v ities in the man grove chl oroplas ts isolated Wi tJl PEG, 

how eve r , are necessary in ord e r to confirm th ese poss ibi liti es, and s uch studies 

are In pr og r ess. 
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