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A E

7ol o 5 um = HEAE ] 278U dS5AE d2F oL 5
#Bets #AZ W2 A7 videl Heol vt JEH ] aAFo] oA Blges
T 2o mEdts A UA e 4 FJUAE HEst HEATI o &
b3t By ouARe] H¥ol EItestA el AT AeiAe AE] 27}
ot 4EH e HA2F5HIAE ooz Wi AT} A g F
dojits o2 A 2T o] defAo] ol dAAel olyal AU 42
4 F2Y FEolch

Aef7tAl ] AFAe U Ao HEF AT As A FTatol FEAL YA
o] dojyt 27 WA A cyanobacteriad] T HWAHRZA 22l elo] 2s] Az}
H dF 348 fAAM gAY FHE 2 sk FEA iy whg Hol
BB 3ol B3y GFAL] ¥ 542 wHgloty Ao Fabshut
AMEe] Zfete W Aol& RHolm vt AT ate] Anixe ¥
Aol A cyanobacteriaZt FHAMEZ U2 Y 242 VA L2534 E&EE S
PR A SlE AT AEANI HEHA HAdvks Ze] ¥y gFHe FeEe #
g durel Aol

Aol LGHEMH ol EA3t:s A= =

=13

1o

,

oz MBS cyano-
Goiwso dSAE ol U xael $HUA
Zo Azl Yoluhe Feloln E4 ASAIE
Asts AE MEY 2AHE oln AE KUYHLD oEyel st +5 S
I oolth, wlelglole] GMALY AJE oF 2 x 10D AFo|n HExe AR}
9 AAE o 9 x 10D FEOITH. ARMolA dolub: B FFe chAHFH
EA SRV YBHY 4+ ol VUAY £2 wnal, ABA dolA HE
st W oy 23 fdcdate] YES Ho Y o] ofzt S

Aol e RolA A dESAUE oW HEWIE e U & + alth

bacteria2] 4 AEF

e
rle
i
A

€ 7HA 3 glem & A

do,

u
fot
il

Ao
fle
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i) dEAe] BUASES 3 o AMA Aol dEHE oden o
2}A  transcription TFE AX grEolA mRNAS] M EZH | endoplasmic
reticulunol Fol 91X @ PR Fol o siwEel FYsA Ac d2F
oA HAEE gFA @A AXANZA otuje U 9 Fozm 44 e
ofuxites FHol g BeUrll=Z $+Fo® AL Utk Transit
peptidecti Eele ofnlx Tut F42] olF EEHElolEs AN A So]
AEA L X ALY d¥e BT thylakoid & T3t ool &
5t F3stes Aol wa R FHbo] oA Ee[Hrl. Transit
peptide 7} F¥|H QAFA DHAEL GFA 9 stroma EE thylakeid T EE
thylakoid lumen 52 #X]of =je[ste] 2ZE3tH Hch(Keegstra and Olsen,
1989; Keegstra, 1989; Dean et al., 1989).

E o=ae @ Uy g Aol o3 Hol o MEA Uy free
ribosomeol M 3 EE o] HHE o|Fdts @NAEY FAA FFolNe 24
o ol o]F A
& F¢std Helgs Hyozw Yo

of F23% 949 transit peptideo] ¥ wWxH o7 HY
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= g

Proplastid(Fig. la, b)E 55 &3 B o5 xAgdez 4

ol glem WRole HA vieke] P zIF Sajdch Thylakoid &2 4] o]
2 AdGezA FHPAL UMY 27 FoUAL] 8L o|F& chlorophyll
a/b binding protein(CAB) 3} 7|ELe] FollUx] £ 2o W3 whlAEo] ¢
25t ojvh gEA Y tfFEE AAIE stromac] s o] AtEiErA9] 1A 3}
el Calvin cycle T2 HA4 oAty Zez AA F42F Fol dejuts R
2 g2 s d¥ASe ¢Adte Fojrh Thylakoid 2 Wi$9 thylakoid
lumenoll &= A:42] 322l light reaction o T3l gz So] Z=xjgo]
AF AchFig. 2). ol&t o] W2 FF wAZe] JEA ol AN &
dHgen olg & tickye] wAEL ¥ of 4N o] gxy =e] glgol
ob&? HAHUTEL o]F Ty o] I EH2
2y ZEH 3 EMo osiA St Helen fAA] 4 A A
ARV BASgith A7 ZEEH B2HE ¥ of G4 ¢z

3tEe] v @M EEY FAA AEE2 hF ol R utel Zoh(Table 1),

i)

2o] F2 olFolzl KAA 2

ias
tle
ofi
ko

ol

Table 1. @24 oya F ¥ 1] gy Ao 433 di= ghiAsz A &
Azte] AR Yol o]F oz il 5 (Hong, 1990)

Stroma o &EZ| rbcS, acetolactate synthase, acyl carrier protein,
Fl= whalz EPSP synthase, ferredoxin, glutamine synthase,
glyceraldehyde-3P-dehydrogenase, heat shock prote-
in, nitrate reductase, phosphoribulose kinase, py-
ruvate Pi kinase, rubisco activase, UDPGle:starch
glucosyl transferase

Thylakoid utef chlorophyll a/b binding protein, CFl-delta sub|nit
At @ a ferredoxin/NADP reductase, PS I-subunit [I, PS II-
10 kD protein, Rieske FeS

Thylakoid lumen a protein of the oxygen evolving complex, plasto-
o &a|st: cyanin
RLE
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Fig. la. Electron micrograph of an etioplast from
an oat seedling grown in the dark. The semi-
crystalline array of internal membranes contains
photochlorophyll. [From Alberts et ai. » Molecular
Biology of the Cell, New York: Garland, 1983]
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AT % x
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ith Bead

Fig. 1b. Electron micrograph of
a typical proplastid from a
root-tip cell of a bean plant
envelope, which consists of two
membranes; the inner membrane
gives to the sparse internal
membrane system. [From Alberts
et al., Molecular Biology of the
Cell. New York: Garland, 1983]
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Table 2. Z}3& AlE-E9) rbeS §H2}-E[From Dean et al., 1989]

On Number Gene designation Gene designation
Species Locus chromosome of genes (proper name) (trivial name')
Petunia 1 ND 1 Ssusll
2 ND 1 S5U301
3 ND 5+17 SSUsH
5502371
SsUI2
S5U49]
Ssu2ii
ssu9rt
Tomato 1 2 I RbeS!
3 1 RbeS2
3 2 3 Rbe53A
RbcS3B
Rbe53C
Potato® 1 ND 1 RbcS] RbeS ¢
XD ND 1 RbeS2 RbcS 1
3D ND 3 RbeS34 RbcS 2a
Rbc53B RbeS 2b
RbeS3C RbcS 2c
Pea 1 5 5 RbcS-3A
RbcS-3B
RbcS-3.6
Rbc5-8.0
RbeS-E9
Soybean ND ND =6 SRSI
SR54
Arabidopsis 1 ND 3 arslB
ars2B
ars3B
2 ND 1 atslA
Lemna gibba  ND ND =6 5A
5B
40A
40B
Wheat ND WD >12

" Trivial name 15 often detived from the designation of the phage or plasmid clone from which the gene was tsolated,
or from the size of the specific restnction fragment on which the gene resides.

*No linkage data for one gene (S5U491) but likely, from scquence homology, to belong to this locus.

?We have ammanged the RbeS loci in Solanaceac 1o indicate orthology (i.c. all loci designated as “locus 17 are
orthologous to each other, and similarly for “locus 27 and locus 37). The authors of the potato repoft designated the
potato RbcS geaes in a manner similar 1o the tomato designation (with one exception, RbeS ¢), but without regard to
orthology. We therefore chose to rename these loci (original designation 1n parsnthesss) and genes (new designations
in the “proper name” column, authors’ original designations in the “trivial name™ column).
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Fig. 2. Ultrastructural changes in thylakoid membrane structure of
chloroplasts from spinach plants germinated and grown in different
light quality conditions,A) Thin sections of chloroplasts in
cotyledons of plants grown in white light for 10 days. B) Thin
sections of chloroplasts in cotyledons of plants grown in yellow
light for 10 days. C) Thin sections of chloroplasts in cotyledons
of plants grown in red light for 10 days. The magnification is
indicated in(B). Abbreviation: G, stacked membrane region; U,
unstacked membrane region: S, starch granule. [From Deng et al., 1989}

olE A F by W A7 AWH rbeSY AL nultigeneo] o3 @
TEe] gl&Fo] HUE gl em(Table 2) translation A]2H3
=

2% FA: A5 Lo Foi3l= DNA sequence T o]

2] 57 gFog o
T HPE JA 3 DNA
sequence®} AR} WH2 ZEE ZF 1A F)E enhancer 9 T2] DNA sequecne &=
=4 B/ HATHFig. 3). ENER 2B ZEH rbeS $8219 promoter R
& FF%e] chloramphenicol acetyltransferase(CAT)S] 5°9f Zo Xatal =
Agrobacterium tumefaciens& o] &3 Hujole] = o] u}z} VA HE transgenic
dolol el B = cAT FrAdate] ol B AT A (Fig. 4) TL rbes &
Z2] promoter F91¢) EM g sestal sigth Fe] 2abo] web dojus &
#He] U¥ R EE promoter ¥912 L DNA 2Zo] 2o] HTealEgion oS
DNA #£7}, B4 light-responsive element(LRE) &} dZolA, xlo]e] Hul7l Ho
oY FAR UE FEo) HEE FASE o 22 FAFgen o §
23t LREe] ZAete w8 6T-12] LREoje] AY &8 FE7} oj2d =2 51

8lth(Gilman and Chua, 1990).

r

ra
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;‘\‘XQGQCWGCAAGTAATAAACCATATGAT‘I’GAGTGAATGGACT'|'!'1'I'GTGCC 1650
AGACAGGATI'I'TAGCTATATAGC'ITGTAGAAAATTI'I'AATI.S:"[:#'ITATTT 1000
AGTATTTTTCAATGTACTAAAAGAAAAAAAAAAGTATATAGTCETTTGTT  aso
AGTAGTGTGCGTTAATTATGATTTTCATTTACCACAAAAATTGTAATTGT  m
TTGATTICGTGTGATTGCTTGGTAAATAAGTTGATTATTTCGAACGTTGT &m0
GTTATTATCGTTGATTCTTGGTTTATTACACCAATGTGGATTGCTACGTG 300
ACATAGCGGTAAAACTTTTTCGTACATTTGTAATTCGTATGTAATTAGAC 750
AACATCAATCTTGCTTCTTGGGGTCGCTAAGAGAAAAATTCGAGAAAAAA  7oo
AATCCATTATACAGGAAACTACGGAAAATTACTTGTTCTAATITATITGGE 50
TCTAAAATATAAGAAATAATAAACTACCTGATTTTTTAATTGTTTTTTAT &00
TGGAAATAAAAGAAAACCTTTTCATATATATAGAAACTAGGAGATGTTAT 550
GTTCCACACATACAAAGGATAAGAACATTTCCAAGTTGCAACCAAGGAAC 50
AAT/.:TQ'?TGATITTGAACWGAAAWACAAAAA.AAATAAAATGATFTGCAT <50
GGAAACAAAAGAAAATCTGAATGTGTCTGCCE;AAGGAAIGG,CIQCAAAT 200

S8r
GCAAGCAAAACGGCTACAAAGTAGCAGCCAATATAAATTCAGAATGACAA 5o

-322  L-Box -312  H-Box
CAAAACAATAAACACTGAGCCCAAAATGAAATTAACCAACCATTTICACTC  -300
283 |-Box 288 G-Borx

ATCCTTACCCCTTTTAGGATGAGATAAGACTATTCTCATTCIGACACGTG 250
204

GCACCCTTTCTTGTGACTTAATTAATATATGAATTATTATTATAGCTCAC 200

 CCACCCTCCACGCCCAAATTAATGTCATTAAGATGGGGETTATAATTCTAG RE

TTAATAGATTCGATAAAATTCTAC GAAATGTGAACAAGGGCATGAT -ton
-84 L-Box

38
CLAATGGTTACAATGEGTTGGTTAATITGTGTCCGTTAGATGGGAAAGT 50

-30 -
TAAAGTGAAACCTTATCATIATATATAGAGGGAGAGACTAGARAGCAATA =
40

o8
ACCCTCTTGAGTTCAAGATAAGCACTTGGTTTTCAGCAATG 42

Fig. 3. Nucleotide sequence of 1.10 kb 5° franking region
of the tomato rbcS-3A gene. Nucleotide are numbered with
the cap site designated as +1(arrrow). The evolutionally
conserved elements including TATA and CAAT boxes are
underlined. The 3° end point of the promoter(+8) and 5’
end points of the promoter deletions analyzed are also
indicated(Filled circles). The ATG codon(underlined) is
loacted at +40. [From Ueda et al., 1989]
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-204:3A-CAT
-374:3A-CAT
-1099:3A-CAT

Fig. 4. Light-inducible expression of the chimeric tomato rbcS~3A
promoter—CAT genes. Total RNA was islated from leaves of
transgenic plants containimg the chimeric rbcS-3A-CAT constructs
indicated, after growing in the dark 4 days(D) and at the end of
the subsequent growth for 24hr under continuous light(L). RNA(20
ug) were fractionated on a 1.5% agarose-formaldehyde gel and
blotted onto a nitrocellulose filter, The filter was hybridized
to a nick-translated probe prepared from the coding sequence of
and, subsequently, washed at 62°C in 1 x SSC and 0,1% SIS.

[From Ueda et al., 19891

FEA AT KA LBAAY FFHAS FHol FAAY LHEL 7=
gohe ZAolm welA phytochromeo] S¥ Alze) AYAF B AAAA B
A7 AHT vk o] 4T WAL rheS, Cab FollA AW v glon}t WA
Fof ¥ olF wMAFAA UERAEE 4Pt diel 9lol phytochrome2] 2
Hol A% ZAInte® HdHy drjos EFETU WSl Wel WA AHEA
A that 33 o] Fa A9 el glutamine synthetase &Axt2] Foj
o Uy

FE #HAh2 #AE A T2 phytochrome of 2|8 FEE FAY 4
eyt ¥

FEsl WARe AL wo] uls antd uE

* o]
phytochrome ©]&]2] F71& el Hof &7 F4x Ud F5 U157 AR &

bri
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91Tt Glutamine synthetase™ A o] Taet= 2 MEA o] )3+
ZE3e W2 F FFIE AL o5 Hel ¢ RAA UH =A WAL 2o
ol F Yol A4F iEE Hol % AL wu &g TBIY £ 9o
(Fig. 5) ©|& T3t promoter F 42l DNA 7] Hge 24 w oE
promoterS ThA O ® gt whwfzle] A oFAb T2 transgenic A EE o] L3}

£459) Aust slchgch

1 2 3 4

A B — Chloroplasl G52
- = e Cylosolic GS
o] 12 48 72 Hours

12 3 435 86 7

B

- — ww WP Chioroplast (32

C f— - - Cytosolic GS

0 3 6 12 24 48 72 Hours

Fig. 5. Time course of the white~light~induced accumulation
of GS2 protein and mRNA in etiolated pea seedlings. GS2
expression was monitored in etiolated pea seedlings exposed
to continuous white light for O to 72 hr. A) GS proteins
detected in protein gel blot of 20 ug of leaf-soluble
protein probed with antibodles to chloroplast GS2 and
cytosolic GSpl. B) and C) RNA gel blots of 20 ug of total
RNA probed with cDNA inserts of pGS185(chloroplast GS2) B)
and pGS299{cytosolic GS1} C).

[From Edwards and Coruzzi, 1989]
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e 10,000 D Axe S A= GFH WA EQY ferredoxind FE
4 Aol Glold ARAYANEA FAY YL 83 Yok o|E wuhe §3
ABE R 92 SUAEY FAASY Tol Bl AAA| oz ol
Qom oS §AA promoter® el DNA @7 HPS A rbeSh Cab

FAAgol JHAIL 2l DNA @7] MER mi- FARRE Chox’ &S 7HAIAL 9l

lo
el

ol AR UH FE FEE rbeSLl Cabe] 7 $of Hls] wi=o nRNA2) 3
o] MEA UeAg #AEHE F, obE FHAY Z5E g oMy &= B
Z, A 4" 712 glel 55T S Bel glel ferredoxing] # A=}
of i3t el 42 A7 JchHi(Elliott et al., 1989).
el Qaxo] YFHE YE WWAUSL proplastid® FE G (F
& 475t UY AAAIRY U wACA FHAY U wiep whd g e
ato] aojilA ®Th, MEZ AL free ribosomeo M FHE GEA w©WASL
AFAZAM transit peptideE ofnjx UTRH F-9 Ho® JxL glon tfF 9
A7 AT transit peptideZt AEA WA E GFA WF FHET A=

ol@A I do Hasta FEY 2242 5 F3 Qrh(Fig. 6). whekd

NUCLEUS

nDNA
TR

CHLOROPLAST Qutar Envalope l
Membrang

inner
Envelops
Mambrans

Intermembrane 3pace

Thylakoid Mamnrnr:/o

b ],
e ————
——
Flls(ld
0%
Polyzames

Stroma

Salubla
a08
Ribosomaes

Frae
Pracursor
Folypeptidas

CYTOPLASM

Fig. 6. Proteins heading for the chlorerlast, Proteins
whose genes are coded on the chromosome in the nucelus
are synthesized in c¢ytosol and transported into
chloroplast.
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©| & transit peptide?] FAjo W2 »=THo] 7| &H A2 gloen IEFH PEA
egAe fRAY o] o Roke ATol glo] Fo Yol
22 % transit peptided] oflm|xAte] A W2 ¢hlamydomonas reinhardtiig]

S AGstne 22Y A4S N @714 DY B nkE Aotk

[
¥
)
2
2

=42 stromao] £t w8 = transit peptideo] #ET AF77t 7}
A o] o] FolF whAAL2 i rbeS ojuh. A F &L rbeSE H LA
transit peptided] otm|iz4t A deof gloj= W FAAHo] ad-go] HURZ of&
# transit peptideZ} Eute F 2 ol o 20 7fe] oligopeptideE o] Fol &
AR el 2 UAEA e F ot obge FHAF Ak I AgAEY
F= o] FEo] AAH ool FBHFHo] o] Rl AEe FHol ichHErt
(Lebrun et al,, 1986: Xie and Wu, 1988). 7I1E}¢] cihe] GEA4 stroma wH A
2] FHat Zge 2ol mE transit peptidec]| #TITL FAjo] o] FojHe
(Table 1 &) transit peptide®] ofml:=it MAZ rhese Z-¢2ts FRAY A
ol§ Heol: glor} otulicate] ZAgo] oMz Falido]l LAHCE o5 b
Z 9 transit peptide?] Zo| 32 7]&] ofnjxito 2 HE 76 7je] ofm x4t 7}
A] o] T} (Hong, 1990).

Thylakoid %o &zjdl= w42 transit peptided] Z$ Zo]gt ghalzy
Zve] FAbd | ofmmate] x4 Fol 9le] stroma RFHM oA WAH
of ZvlE HELIHHW wield At GHFA gE=E Fapgh ¢ 2]
thylakoid =eile] 4k¢]-2 transit peptide®] A Zol o] ZA=lE Zol ofre}

WA xxe] gAel s ABHE ROE BUHUC Thylakoid % w9 A

= .‘i,\
e —

=
e,
o

=
=

light-harvesting chlorophyll a/b binding protein®] #A-$ olojx gri g =
T FHEEA Ut el JdF H AL thylakeid He= Thill Aol o] HFE A3
stgdoie A3 Ads Ay sidE 5wl 3 gdci(Clark et al., 1990:
Vainstein et al., 1989).

JZA ] thylakoid lumenol $I2]8t7] $isfM A2 JFAeo] offaf
3 thylakoid THe FHstoiol st BA7IA HAH thylakoid lunen®] T2

2 F FE2E £2E g o3 TS Rl xte S TS M

n
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7l transit peptide® Z}x| 3 gltt. v} FHof ¢ X3l transit peptide T ¢ &

o

Tol = xre] =Ae 9le] stromal} thylakoid Tfof Ezjsts WA S0 transit
peptide®} A3t H 2o ¢ A% transit peptides= wlE|2]o}l2] signal
peptide®} olulxat Ao gleo] HAHEE vIElWCH(Hong, 1990). Hageman et
al. (1990)¢f] 230 o]&olA plastocyaninel & ¢ A= plastocyanin]
transit peptide® PF A o] F 4z I viF o whuye] olF o] I F
RFELE UE £ Q&S WE in vitro A8 A ojuint #HeL sFx Qo

(Fig. 7=} 8).
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A WT PCdel 63-64 PCdel62-64.

3

Dt

12 3 4 5 86 12 3456 12.3456
PCdel58-64 PCdel54-64 PCdel44-64
precursor - e -
-- -
. ;‘.—:_’ - "
"‘"“-—- - “
123 4 568 123 4 56 12 3 4 5 8

PC del 40-64  PC del 38-64

precursor - (e ”

ﬂ_____

12340586 12 34586

B PCdel44-64

precursor— 4

™ 0 1 255 10 20
minutes

Fig. 8. Import C-terminal deletion mutants into isolated pea
chloroplasts a) Import/fractionation experiment. Legends are
as in Fig. 7. B) time—course experiment with PCdel 44-64,
[From Hagemem et al., 1990}
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o] Ela gtk &3 BEHHA TS d5A JodA A&t W2 vy
gl Fatt ARE AFs Fu den FEHJAV HEH A2 ZEHF F
A 2ol &3 AGAE AR Jed IFA B 35 4 EFY
=7 @ 287 E Zojr)h. olu] gEA {AAE Lo HATs VA
KAS #E WS AT A FHFHo| glon Ex £FANMY A4 E FbH
¥ =5 9o

A G gFIEo e GEA A E AELold FEH A
W= olFL ofirta] "ol F2F &nlE Foitich @A ME el
o] F 7| ol #IT HHEI JieA ¥ Zeoln dEN 4 A FA A
B E o TAHL olslE £& Zoln uolstME A 2FAEA
o EAA thy F o FHY 5L teA stelet AT, JFA gy
We] $AA AEL BARH DNA Q7] Mol 7122 transit peptide®] A 2
e lumenol] £x|3ts whA Q] transit peptided] F Mz T4 & AYsta F
53 02 serine, threonine, alanine2} valine® Eo] #§3}7 L& Liehd
th. o] ¢4 hydroxyl#E el &$4dd oluimate] FAFIHJ] EEE
transit peptide”} amphiphilic & A A3} transit peptideéq amphiphili-
cityg GFA w AL o]F & ole FLY HIAL A= FItzn vt

(Keegstra, 1989).
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