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Abstract: To investigate the development of plastids in various leaf tissues of a NAD-ME
type C4 plant, Amaranthus patulus Bertoloni, structural changes of etioplasts under
Before the
1llumination, all etioplasts in epidermal cells including guard cells, mesophyll cells, bundle

continuous illumination were observed by means of an electron microscope.

sheath cells, and vascular parenchymatous cells were small and spherical in shape, and
After the 1llumination, the
plastids elongated, and the disorganization of prolamellar bodies and the formation of

contained prolamellar bodies with extending single-thylakoids.

primary grana occurred at first in epidermal plastids, secondary in mesophyll plastids,
then in bundle sheath plastids, and finally in vascular parenchymatous plastids. This
difference of start for plastid morphogenesis among leaf tissues may be reflected simply by
those anatomical arrangement for light exposure. The function of peripheral reticulum
found in mesophyll and bundle sheath chloroplasts and the crystalline iclusion in epidermal
plastids was also discussed.

Keywords® Amaranthus cotyledon, chloroplast morphogenesis, etioplast metamorphosis,

prolamellar body, crystalline inclusion

R
T U X EONERMED D Co ¥ TV AR BT
D ED 1965 EIZ Kortschak & DiZ L VIR &
. F B RGR E LT Co P HVIR L ERRREE A
Hatch and Slack?{Z & > TH S ic S TLisk, £
< OO IEAFRWFFE Zdu, BIETIX 8000 FELL
LD Ca VIR BRI LD AR E TR D C4
FERE 5TV D 3,
HA AT ED DR 3 IRFE(LEWMTH S Cs iy T
L, AT EICERNMR T2 bihvd, 2okt
LT\&%%@ﬁﬁﬁi\%@ﬂWkﬁﬁﬁﬁﬂW
DETHRDLATEY . bR EZITEAMED
Ca R TR S 4L, Cafb B & L CHEE A AR LS

Bk XA, BIRER &% T, LB - A (Cs
FIENCEGAEN CTHERMLEIN DS, B3 E LIS
FEMIOFEIT, CalEW 2R A IR B RE 2R C
HY . O LREEE DS FEITMIRNTEED
fa b & OB Z R L, BERE &Mk & OFEBIC
BT 252 < ORI TS, FIETIE, £h
IO R ) 72 BE R OBABHIFE BN & R
\CEE AT 5 2 EREOMBROMBIIKET 5 2
EPRBEINTND YD, EOFEMIILT L E72
BARE CIE 2,

Catifix, CafREE DMLKERFESE) NADP-Y v =
fe B% F (nicotinamide

adenine dinucleotide

©Research Institute for Integrated Science, Kanagawa University



58 Science Journal of Kanagawa University Vol 19, 2008

phosphate-malic enzyme) CT&% % NADP-ME %!,

NAD- U > = [ig i 3% (nicotinamide adenine
dinucleotide-malic enzyme) Cd % NAD-ME i,

PEP #» /V7K % ¥ % 7 — ¥ phosphenolpyruvate
carboxykinase) C& % PCK # o 3 D% 7 & 4 7
WZHEHINTEY, XYl bErIhbdE
nZzno Calb &% NADP-ME #I-¢l3 U o Tk,

NADP-ME # & PCK B TIIT ANRT XU TH D
ZLERHBNTWS 9, £, TSR, HEER
FHARIC B E N D IERRAR(CLT | MER S ZERR A £ 72
X EAFER)ONESROE W E HRfIE L, NADP-ME
T CoHEW) CII HEE S RII R E LIV T T %
RE, BSBELT T 7 T 2 FFOIERMIE OBERKAR
(CLF, BHERBERARE 213 0FK) & fRe 7 “AbE
Z 98, NAD-ME #3 LU PCK B> Cy )<
. MEEREEESRA L RS BE LT 7T 52F D,

TERNIERAR & NBRICH T 2 MM Z RIS RN &
DAL TS, NADP-ME & Cy iz i1 %
TIIMIERMR O TZRETE L © HE PRI MIAE & HEE FORS A
DIA FRIE R REER OFE N EFEE L TR, =
OROMMEFY) CohH LY hUyF L hyERa Y
TIX, HEESRIERR D 77 ik, oMb e
HRY U 72 ZERRR O I FR C— IR S 40 25 D3 L

BTt THHAT 2 Z RGN Tn D ™8, —75,

HERRIR D MNP T 72\ NAD-ME %4> PCK
D CoHEH) TIE MR I S BFRIKDTZRE AT
DONWTIEHEVIFZEEI N TV, BEATICE N
FEW)TIE, IR O EIZIH S CTRBIARNIZT
0T ATRT 4 DRI DD, SRR L 0 A
M CHBEROREMEE SN D Z ERMBNTND
9, AEl, %K 51T, NAD-ME BICEB1T 5 AaFEED
SHETERK., FRICABER ORI L T 57
DI FEALILER U7z Cahiin 7 A & |2 W& PR L 72
% DOIEDOKMBANICE T D EABEROMIREIEZ b
Z - BRI CRIZE LT,

MRS Fik

WA THAEL CWET A (S TETA Fo)
Amaranthus patulus Bertoloni (X 1 A7 5 Fij4E &
ICEREE L TRV o fl 1 2 IR & v — LN O BUER -
ICHEFE L., KEBEEICE TH-%. REaktese
IZHEE L, IREGOCIWICE W THRFME S,
— %I 25 CITR - EE I L, L%
fi#Zl% L C—20 pmol photons m2s! D& M L7,
JERRSTBRAEN S 0, 2. 6. 12, 48 FE#ED T A B
(X 1. B-D)OZnENOTHEEHH LT 0.5X2
mm?2 O/NICHITI L, 0.1 M U ViR R (pH 7.2)
THIRLIZ 6% 7 VA AT VT e RiRICIRIEL, =

X 1. 7AHE2GR Y THFA Fo). A A EORE
fii%. B. #ERE%NATC 1AME(LOBE S =34 %, C.
HALALVER e < JERRE 12 B O FEA X, D, H b
e < LIRS 48 Rl D FAE 2

BT 1 K. 2 4°CTF T 23 BEERTEE L7z,
JEREGT O IEH] & 72 2 W5 T f BEGREE OO BT [ (B 1 L 28 425
KT D FI % kT LTZREENTIT 72272, 0.1 M U Vg
TR CUL LT-%. DW TR L7z 2% b4
AIUARIZED=ERETTL FFfE & 4°CFT 23 B
MEE Lz, “EEERIC, REE 7' bR
TRk L, Epoxy #f5Ic@H L CAAEREAS®, *
7o BAPTREEUELE LT, BT ORI T4 E
2O—EBOTIEL, SRIIBHEL THH6M2 7 A
BORFIES RAICOE U=, #EaEEE» b v
)L hZ 3271 b — AQReichert Ultracut-N) TE X
70 nm QMY T2 XA YEL KFHA 72 HWTE
R, FEERY T L 7 T U T T EY G L CEIR
R - B EE(JEOL JEM2000EX) T#IZ2 L 7=,

REEYRIEMB MR OB

T A OREEEITIAA e 7 T i 0% R L
F < FEGE U M AR AR S HE S R A B Y [ A TWL
72 (K 2), HEE ABHIEN TIXEREERLED THAED
AR N B TSRO D AT HER SRS 17 > TH3AR LT
728, 6 BRI I LR D R R (2 0 A LT (K
2, 3B), HEE AEMAZ B BT AREED 5 B B
P D IERNE & 0D FET oD Al e B | 3 A A A i <0
HMERZ SO & ORI OAINEE X 0 [Ehs> 7=, HERHII
W CIEH OISR IR RTE U, R AR IR T
LT LW =X 2, 3A), HER SRIAHIN
W EL, RO RFEETHD-OBTEEDOER N
MHifm s LCBgEn(K 2, 3C), —Ji. BEART
1L, REAMRIE 2D REL, B MEEIZHEL
CHIfR P 2 5o, AR B AR - €
WOE L LCEE SN 2, 3D), fLiMAaI
REMILE 0 /S < RIS R E il s o Tn



A, EH i CalEi¥ T A & B FHOLIRIT I O SRR DTEREIZ L 59

£

2. T A I

R

AL .v'.-",‘f AN ._)“_ - 5 v
ORI A . HEEAR(V) ZHEE SRR (BSC) 23 v [ 2, 24l

e

TREEE L 72 ZERMRA(MC) & 2 04t

PR PMIREC)E A R b 5. MEE AERHIEN O I ARITSR LIRS,

o723, HIREEE DRI & L~ CHRRE I IEE

LTW=(X 2, 3E),

BERHINE & AR RO B RITE S RELE
HERRAR T, 10—20 JBICF T 2 A ROAFEAER -T2
SFrETIFMEEMETAIA MRYT T a,L R D
RHNEREEATED, A hr~vHIZIEZHDOK
XheT Tkl 7T A NERIOBIZE S (X 4A,
B), GAFEERONMAIEIEIZIH > TNEO®ERIN 72 5
MR & (peripheral reticulum; J& MR 4%) 3 1
PITERRIR & A R TERR A T IC Bl S ey, &
DOHBIIERIEREO TN L VEETH -2, HEA
AlAE & HEE R O A FEN KR E 2 O TIXESR
T 10um PLEICET DO LT, M /MM
RFRROMIICA LN AFRERIIERTELZE 3
um THY, VSTt A ra~wFTaf bbb
WIKZR b EEND0, 77T OREAERY ITEET
LIl BT T b EbhaT T
hia B LRBEOARETH-72(X 4C-D), Zi1LH
DEFEERD A b o< UL LIRS E 5 E DR

kA S 7= (X 4E, F),

BB Y T ISR DB

BT CRERE ST A 20 HELT#(X 1B)
DAL D EFE A B LT, WO AHREER
HERR EIIEAER T, NI a 7 A 7K 7 ¢
ORTET v kLA G W F AT T A RO
Rz R L Qe (X15), HEPIFMIE & #EE A A e
DEF AT T A MIUIER L KE T, EfR 35—
40um THY, 70T ATRT 4 HHLEHEOEN
H—FF a4 F2MBOCTW=(K 5A, B), o, &
WD =T 47T A FTlE, 70T A TRT 4
SO DO —~F T a4 RIAEBIZH > THW
WSATIZEAN T 23T LLVTF T oA RRBEINT
(K 5A), —77. HMEEHRFAAL & £ BRMEN D= F
F7IAMINEL, BEBXZE 25um T, 7'm
TATRT A MO HE—F T a4 ROKELEX
b HEE R TTIER Y B FEL TV,
R CHEE R Mle D= F 47T X kLB




60 Science Journal of Kanagawa University Vol 19, 2008

l3-&%ﬁm%@mw<%Wm@@xﬁ4ﬁ%ﬁﬁQX££%imw@)%&mﬁ@)&Lﬁﬁm)
NHEFROKE SPCHFRBEEORERWICER.  BERMIE & HEE MR OERERIZE < BE L IERIK TS OM
RN EENTWS.

LB TH - 72(X 5C-E), 7ok, RAZMEAND T
FF 7T A2 FRICITFFEE D R E RN T8l
ENTELOLFEBOMEEENEG TN TWZ(X
5D),

FERFCHE S ARENBERE DB

BT CRIERE L= 7 A2 Hpncg+ &, #ib
BEI IR & ITHkL L, 48 BEEZ IIZBAAT TR E &

B2 b D LR ER UH VORI - 7-(X 1D),
BHATICR L T B AaRIKRTET 2 NEROZEIZIE

A CRIBOIE VRS LR, WTho

a7

H M & E

KTHLTOTATRT 4 ORELHRITES 7T
BIORA be~vFTaf ROBERRLLNT,

X 6 1%, FERMRICEIT 5 OFERENFEROELE
RLTWD, BHPNCE LC 2 FE#&ICIE, 7u o2
FTRT A MBHONTWF T a4 RN B2 82
ik 3B U, WIHI(—R) 77 T TR S Uk T,
BHATIC L C 6 %I T 0 T A T RT 1 135%4e
ICEE L, — 5, R THBREDOELRY MHKD
75 FNEHIERE SN TWIZ(K 6B), HFTICE LT
25 2% CIRAaBKITELTRIRT, = F AT
Z N DR AMER LT 2N, 6 BRI IR AL



A, EH i CalEi¥T A &2 FHOLIRIT I O SRR DTEREIE L 61

=

4. FREEARRRAE O R I, FERIMIIR(A), HEE RESARB), #EE AMA(C), fLiLMNa(D), KEMa(E) D4 Gk
BLUORMIEAFEEA b o~ PR LN S ).

B .i«:”ra,- - X - - o 3 ¥
5. HL T REARMIIA O BB IK. BERMIZA), MEEREMIRMB), HEERIAMIL(C), £EMIaD), FLiLMaE)D
FRE, FOERITITTTATRT 4 2GR, ERMIEOAHEKRTII NI LLF T a( RPEE. EEMROGHEK
IR BRI R R o 5.

i e




62 Science Journal of Kanagawa University Vol 19, 2008

6. MLY% OER MR EOIE. FIFTICB LT b 2 K (A), 6 FE#(B), 12 K (C), 48 KffH
%D)DEFAE. 2 FEHIZRIIT T 1 T X TRT ¢ 1TFTHEKR LOEBEES R STV 5. EREFFRA R e icoh
TT T T ORABEBRYITHEML, TERBHIRE b DR~ S L TN D,

7. SEACREY) I HRE 2 OMEAF SRR LR R O J8E. BIFMICE LT 2 IR (A), 6 IR (B), 12 K% (C), 48
REfH % (D) D E IR, 12 RE % IC BIRBI Y 0 T 2 TR T 4 BN Oh, BERMADORFHE U7 b D13 48 Bl t: Dk
Ths.



A, EH i CalEi¥ T A & L FHOLIRIT I O SRR DTEREIZ L 63

L CHEWREMIEE 2D A ha~F T a4 Rz
DOEHNFATICES STz, BFFICE LT 12
REf % 121X, ABERORT L > XRICE e L, 7
7T OREAERY 5B EOLONHBLL, T
BRI AR A e b 8lg2 S = (K 6C), BT
I8 LC 48 BEEIRRICITABERND 77 T OfAE
ZRVIXFEICE X, KT 10 BOobob AbNT,
7' Z F ORI AGRIE DO BE AL BERR A TRIE &
NEBLOICETEL TR, FH03E L1
WA TH - 7-(H 6D),

B 7 1%, HERS SRS 35 ) B BRI R D2
fbZRLTW5D, HEEFREMILOBEE Ty %
HATICE LTS 12 FEf% THL2B A hr~HNIC
B2 7 1 7 A 78T ¢ BEEESNT(X TA-C),
BEEOIINE 12 Rt £ TIRIZERIR T, =T 4
TIANOREEKRLTEY, T v U RkD
TR DR DR STV TCIEERHIIR O B E R
0B I 0 BE STV e, BERONER
Tk, BHATICB LT 5 6 BfRIC¥E S Lol s
TIRRLNTENXTB), V7 EA bp~vF T
A RO 72 5 NIER 2 FEOIERARIL 48 FE#%
[ZhB CTEIER S 7= (X D),

B 8 1%, ¥ bWz ETcE L Thb 12 Kk
J N 48 W% DT A B T HEDHERE RN R
SNDEFEERERL TN D, 12 FEfi% T 72 BIEBE
727 0T A TRT 4 03 K-> TRV 48 KON

R 77T OMABERYITHRRTH 7TERTHY

ERY OFPH(T T FHBEOER) /NS o2, B
FIRITERR D DR ARIZAE L QW h, K&
SIIER T3 pm fFEE T, BREOREITME SN
TW7=(X 8 B),

B9, #bEHEZHFNIIE L THhb 12 BXIW
48 MO 7 A v FEOR L RMIAIC A 5D
BHEEEZRLTND, RERTIE, HFTICE LT
5 2HFRRICEEIC 7 B T A TR T 4 1 XHE LTI
7RI TEY | 12 FEZ IR T
RN OFEOZFZNIRIFILET 5 7 T T OfER
ERD L, EOMBEO P TR HESCHITE
DHEAT L7, LacL, BEERBREITA LT,
B A AL ERTBLEF3um BETH-
7o 7R, REMBEOEFZEZ, AFTICE L%
EOBEMETHEME TR b~ Pk RS A
TV 7~,

BN

NAD-ME B Ca i 7 4 & 2B 1) 5 B E RN R
DIRFEBFEEZHA LT D201, LI
PG U721 O FIER RN IC & TN D AR KD

PRI E 2 b 2 Blet Lo, S b 1 3E &R e
NOBRRITT R TR e~ HIlya T XA T7RT ¢
EEATEY, mEincET &, Znibo 7
TATRT LIRS L D FF7 a1 R
JB L. BEFTCY 7 R En, ZONFEROE
(b GR 3E) 18 F2 O AERE | AR A A L ] C 22 1S e v o 72
2, FEEREEICB W TR > TWe, 7B 7 A TR
T 4 INEREE LR I 7T F SR S D BRI
FRAROERTRLRAEL, ERNARK, H#HEHR
BiEFAROIATR Z Y, HEERFMROGRIRTIE
KOHEAEUR, MM caBROREICT NN E
CTCW5 Z LD b BEMZRMRIT, AHT 0K
IS = T2 FR D> D IR~ DR AT IRRE D ) e &
THZEThDH, —J. ) NADP-ME # C4
o~ oEa a T, BERIENERO Z D%k
IEIERN AR L D HEE R aRERO TN RAET D
ZEMHESNTEY W SEOFERE—E L7220,
L2vL, botoayod b U e ClfEE Rl e
FRIIREIC BT T T 2K L, £D%T T
T R RBSERIR A~ E BT 5 2 E MBIV T
% T8, ZHH ORI RSN DHEE R AR RO
FIEB PO BHER LD Z< DEBEERRD = LA
METHY, 20 & DPHEE R ORI DI EEST
ZIMELTWAD L0 L Ebivs, NAD-ME o7
F B CIE, HEE SRR & JER SRR & TR
FROENTAR < JERRBHZ ISR CRFBROIEE
WCTNPET D Z &M AMITER L2 b o L i
Mz iz LeBbnsd,

NADP-ME %! Cy ¥ CIIEERZERLIAR & e s
IR E T T FTOFEL D RN RO LD
25, NAD-ME %! C4 i ClE 7 7 F OFEEIZB T
A IS 72 < TR RRSE L2 6, L,
SEIOBIZETEH, FlZIEL, FRE CIIHEE R IERAR
DI DFERIERAE L Y K& < MaN TROIZHD
I 57l Oy T UEEICHET S E bR
BRI S A E R OB WV SER D BT, AR
PENIE DR A & IRz X VIR S D & b s JE
IR peripheral reticulum . BIAMIH B0
12,18 FHUN Cy M DIERE CHIZ SN TV D H
MH e HETH D 19, 7TA TR Z OMEITHER
FERMATLVBEETHY . ZORRIIINETOR
el B —E LT\,

FRIE, PAbIER X O AEY RS 2 D & O BERE
THREMPOBERNIZIT, A <D0 Y 0
Ik A 5 D RERERAD Bl S LT, T A E DRk
£ L7oRRBEClE, REZHIIEOHEE sRZMin o R R
SRR N BIR SN D Z L IXBRIclmE STk
V. WIERDPRRET, HOMEMIEMHEMEV & A



64 Science Journal of Kanagawa University Vol 19, 2008

e S

LR SN ¥

B C T o Qe
9. SEALHIIIST 2 O R BRI (5

ROFEE.

PAFTICRE LT D 12 BRI (A L O 48 BRI (B) D3k R fifia

8. WALIIM YIRS 15 DOHES M AR D3EE. HANCB LT D 12 BfEA) R LU 48 K% B) D AFER.
48 BRI CHLEBIKII/NE L, 7T T OREAER D 70,

g

FIRL 12 OB IO 48 I D) O FLIME G IR, 48 B% THLORRIT/NE L I T FOBAERY L0 7

AN

PNABZEENICALND Z LD, BREEE SN
7= Rubisco (ribulose-1,5-bisphosphate carboxylase
loxygenase) T 5 AJREMEN R S LTz 19, 32
BEIZ. $T Rubisco HLikZ HW 7o SE EEBRIEIC L D8
E3TITHUR D R B Ot R RN G BRI B < Fb
AT DHRERBE LN TS (Suzuki fil, KEE), 5
[\, L% DO B b AR RO TR A Bl52 L7223,
B SRR DR RIS Z DIEIRES I T

BEBEIZBWTEE L TV A EEIIE LN - T,
IS OBFEERTITRNC T T FRERSCORREE
DI E NS &b b DT, kR 2 e Rkl
HEOERITE Z 67, KR DR KO 72
FERZEALS A B2 Db IR,

1) Kortschak HP, Hartt CE and Burr GO (1965) Carbon
dioxide fixation in sugar cane leaves. Plant Physiol.



2)

3)

4)

)

6)

7)

8)

A, EH i CalEi¥ T A & L FHOLIRIT I O SRR DTEREIZ L 65

40:209-213.

Hatch MD and Slack CR (1966) Photosynthesis by sugar
cane leaves: A new carboxylation reaction and the
pathway of sugar formation. Biochem. J. 101:103-111.
Sage RF and Monson RK (1999) Preface. In: C, Plant
Biology. Sage RF and Monson RK, eds., Academic Press,
San Diego. pp. xiii-xv.

Dengler NG and Nelson T (1999) Leaf structure and
development in C,4 plants. In: C, Plant Biology. Sage RF
and Monson RK, eds., Academic Press, San Diego. pp.
133-172. pp. 116-137.

Hatch MD, Kagawa T and Craig C (1975) Subdivision of
C4-pathway species base on differing C, dicarboxylating
features.  Aust. J. Plant Phsiol. 2:111-128.

Kanai R and Edwards GE. (1999) The biochemistry of
C4 photosynthesis. In: C, Plant Biology. Sage RF and
Monson RK, eds., Academic Press, San Diego. pp. 49-87.
Laetch WM and Price I (1969) Development of
dimorphic chloroplast of sugar cene. Amer. J. Bot. 56:
77-87.

Suzuki S and Ueda R (1974) Electron microscope studies
on the morphogenesis of plastids in Cy-plants. 1. The
relationship between development of plastids and leaf cell
differentiation during germination in Zea mays L.. Sci
Rep. Tokyo Kyoiku Daigaku 15:237-354.

9) Kirk TO and Tilney-Basset RAE (1967) The Plstids.

10)

11)

12)

13)

14)

15)

Their Chemistry, Structure, Growth and Inheritance. WH
Freeman and Co., London.

Haberlandt G (1882) Vergleichende Anatomie des
Assimilatorischen Gewebesystems der Pflanzen. Jahrb.
Wiss. Bot. 13:74-188.

Suzuki S (1974) Electron microscope studies on the
morphogenesis of plastids in C4-plants. II. Development
of etioplasts under illumination in Zea mays L.. Sci Rep.
Tokyo Kyoiku Daigaku 15 : 255-263.

Pallas JE and Mollenhauer HH (1972) Physiological
implication of Vicia faba and Nicotiana tabacum guard
cell ultrastructure. Amer: J. Bot. 59:504-514.

Taylor AO and Craig AS (1971) Plant under climatic
stress. II. Low temperature high light on chloroplast
ultrastructure. Plant Physiol. 47:719-725.

Laetsch WM (1971) Chloroplast structural relationships
in leaves of C, plants. In: Photosynthesis and Photorespiration.
Hatch MD, Osmond CB and Slatyer RO, eds., Wiley-
Interscience, New York. Pp323-349.

Suzuki S (1978) Crystalline inclusion in epidermal and
vascular plastids of the mature Amaranthus leaf. J.
Electron Microsc. 27:141-143.





