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AL AR A5 AR IE S Cy AR,

Rubisco RXEFRMCEEE, FuREIZR LAk e R T
G 5FMEaYr & ERgE.

AR NAEAT RS AREE DNA &, %/ EIRE Rubisco XTEHEN
%, SEMENEY AL Rubisco R RESIMHI &SRR EARF. Rubisco
KEFFE (ribulose-1,5-bisphosphate carboxylase large subunit, tbeL) AR {54
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R 2R AR A WA Y b O & 1ER X888 Rubisco #EAT % & 41
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EERBA MR AP E B STRARICH Rubisco, T PRI &p L
F&A: EDERMmET AR ZEPREET Rubisco MIRAGER. 4
REW: FHERE. WITKAMA Y EER M Rubisco IS
C; HYIAR, EEET CoHEW.
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Abstract

Ephemeral plant is a special plant species which is able to make full use of
melting snow water and spring rainwater, as well as the illumination and heat
resources, to start and soon finish a life cyclé v;rithin 60-90d before hot summer
season is coming. They distribute only in the north of Tianshan mountain, Jungar
Basin and the surrounding arid desert area of Xinjiang province, China, and
therefore play important role in reducing sand storm, wind-breaking and
sand-stabilizing, protection and improving ecological environment. Moreover, there
have a large amount of species which are valuable in feeding, medicinal and
decorative purpose, so ephemeral plants consist of the biological resource pool with
unique and very high potential value for utilization. Recently, the characteristics of
high photosynthesis efficiency, short life cycle, fast growth and development of the
ephemeral plants have already become a hot research field for biologists.

We choose two ephemeral species and two Cs plant species as materials:
Eremopyrum orientale, Lepidium apetalum, Brassica napus and Wheat cultivar.
Several experiments and research work on microstructure, ultrastructure and
immunogold localization showed the characters of the four plants on anatomical
structure, photosynthetic cellular organelle and the localization of photosynthetic
key enzyme, then compared the differences between ephemeral plants and C; plants,
finally discussed the pattern of photosynthetic carbon metabolism of ephemeral
plants.

The cellular structure of leaves was observed under light microscope by using
paraffin section technique. The results showed that the tracheary element in vein of
Eremopyrum orientale and Lepidium apetalum are bigger than another two C; plant
species, and this wide tracheary clement is available for rapid absorption and

transportation water in short time.The major water-storing parenchymatous cells
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which are making for keeping water can be observed in mesophyll of ephemeral
plant. There are lots of small chloroplasts in bundle sheath cells(BSC) around
vascular bundle. For these chloroplasts distributing along the edge of BSC, it looks
like a wreath, so called “Kranz type” which is the typical structure of C, plant.
Above-mentioned special physiological structure of ephemeral plant is formed for
adapting to the environments in arid and wind-striking area in long period of
evolution.

The anatomic structure was observed under transmission electron microscope
(TEM) by using resin ultra-thin cross-section technique. The results of ultrastructure
indicated that the cellular organelle in BSC of two ephemeral plant species were
more abundant than that of another two C; plants. The grana lamellae in chloroplast
in BSC of ephemeral plants are underdevelopment, And a lot of starch grains are
presented in BSC of ephemeral plants.

Because Rubisco is a key enzyme in photosynthesis, immunolocalization of
Rubisco in C; plants and two ephemerals was determined to distinguish their
difference.

Difference from the way reported previously to obtain antiserum with which
ribulose-1,5-bisphosphate carboxylase (Rubisco) is purified from plant and then
immune animal, eukaryotic expression vector of genetically engineered gene was
used for preparation of antiserum against Rubisco in present study.Because
Ribulose-1,5-bisphosphate carboxylase large subunit (rbcL) which is encoded by
chloroplast genes has high homology with other close-related species and have no
intron, so it can be directly am;)iified from Eremopyrum orientale genomic DNA
based on published sequence of Eremopyrum rbcL. RbcL was constructed in
eukaryotic expressed vector-pcDNA3 to prepare DNA vaccine, and was constructed
in prokaryotic expressed vector-pGEX4T-1 to prepare purified protein for
strengthening effect. ELISA and Western results showed that the potency and

4
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specificity of antiserum were high and suitable for immunolocalization.

The above antiserum against rbcl. was used to locate the Rubisco in leaves of
four plants through immunogold localization. Inspection under ultramicroscope
showed that the distribution of immunogold particles was markedly difference
between C; plants and ephemerals. In Brasscica and Wheat, stroma of mesophyll
chloroplasts was densely labeled with immunogold particles for Rubisco. In
Eremopyrum orientale and Lepidium apetalum, stroma of mesophyll chloroplasts
was scarcely labeled with immunogold particles, indicating a low Rubisco content in
mesophyll chioroplasts, but the stroma of chloroplasts of BSC was densely labeled
with immunogold particles for Rubisco. These results showed that the distribution of
key photosynthetic enzyme-Rubisco in two ephemeral plants is different from C;

plant but similar with C4plant.

Key Words: Eremopyrum orientale, Lepidium apetalum, microstructure,

ultrastructure, immunogold localization, Rubisco, rbcL
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M4, ER—XRFHRESHAHMAER, EEMFTFPE. BEKR.
b s EERIGESH, REAFRILDME. REEam05
MEARAEFRBEYE, PR HENRBENR AR KIS
B, 15 A5 M RER T EFMRHE .

BESaEDUMEN AR, EEFTREYRIGZ 61 404 55 5 kR
5, XA EEOENERE R BB S MEEYNEFRRE,
TREITRIFFEMFOEES G, Bk, HTRBXMTFENRE, 2R
BEENENREENERY. EARESTEMEYM TEBRLNEGTR
HOBAWR, HE—FHRAZRHROALD, ZREMEDHFTFEN
ERIIREMER.

WITH (Lepidium apetalum Wild.). HRITBHFL (Eremopyrum orentale),
BhHmBEEMAE LOEERE, ¥ LTHS. Wilnh. REFKRED,
BELREE, HHH. ARFFRELHES. AENSENESERS
CREHYERNRS, Bt ROEERETGZREN.

ATHARFEARE Ok, #. K% MBEHEEGHEYER. BFHEURE
BRERNEN, HREFEELAENERELRS TS, RLBU R
AR, MRRAS TRAEM LY, DRTR%
AT RME A EAN T RIS TSR, Hes AN E Y
RIS, REAH— PR A YN S E R EIR MRS .
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KR AFREAX

I MH5FE

11 LR

WATIE (Lepidium apetalum Wild.) KT F-ZF (Eremopyrum orentale) Fi
FHEHEREAF TR

F T KR T W AT ST A St B g SRR B
FHBEREMRRGE RN LR .

1.2 ERF#k

121 FHBRFE, MITEMTFHE

BE=MEHEAM (Oh, 12h. 24h), MFEEEH (10C. 15C, 20°C,
25C) RXAE, BRFRAEERECHBRNERL, RHEEKEN,
EFATRGERES, #TrHEAK. SHEERE3ANER, §EE 50 HMT.
HERORCREREMHEDT: BHRHRNRE: HRFENRE: W45
M RE. FTFRHERLERNHINEES.

122 BAFRERSHER LU S
EFRERELERANERAERFTIITROBERHRREE: OFEESN. K5
RENBRRLE: OFLNPHSEEAEHDERLE. 8T RRET
FHBABE, HXEDOKES. . REK. RESSEHRIRHETRT.
BRiE ik SAESPEILERRIT KT -, TERKGEE
HE. BHRAEE. BEKRE. ARERE. BFE/RS, BUTHE. I
HiRdER.

123 BREH

REA Excel it AM RGP RERE T VI HRALIE T 2%, Sl EE
REREGRBTER BB WML PADT 005 ERLESE. WRIHLHT
FE &SR ar B A .
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KRAFRERL

2. ERER

2.1 REFHFTHFFI R
REEEMHTH RN RS 3 AKX, BHEEE 10-25C2H, &
MEAEFERIERE T ARRRERE: 10-25C, URFEMEREE:
Oh. 18h. 24h, XA drEY—MITHAR T RL MR T3 RAF AT
B5i.
G ERWE 1-1 Bron, EFREN R EaEOM i ROER S
B RIER,

HFRBET, ARAENBITERS TR RRMHRFHENLEEER,
BRiE EEAR RN, IR MAT R F RS RF L M. TENHSRREET,
HATHRMBTRSHENEAREEZR. JEEENESTHAZRET RN, BT
EMTIREER, HAFEEHZES, BTFHREAFREENRS (B
1-1. a).

FHRZEMFHREANSHITEAR. TiekBENBEINKE, F&5E
FEATLR BT RIBRFrE, R TREEREN R REMGRRT R, B3
BEREEZMFIAEE. RONERFTHRGEERR, BREFLRER
BHEK, RHFRREMTHRZLAIEFHNRSE, LRMUNESZK, R
FibgEss (A 1-1. b

#® 1-1 M 1-1 S RYEEEY, BTERTFIHREZREZHENEE,
REEERTLUEMARE, ZARBEAK: ARFREEEHTIHRENLH
FOCEBEMERT — MRS, NASZBRENEZH.

BRABEAAMOSRMFARRFRREWNEF LR, BLIEEEY
DA SRR FRTR I, REH TR T,
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#1-1. FHEAHYERFRERARTRTHEEE
Table 1-1. Characteristics of Germination of Two EPs in Different Temperature and
Illumination conditions.

X oh R 18h X 24h

ROEXTaw wax wR mB NE WRE EB BE BB
®d 4 e KRd d % £d d £y,

" 10 4 8 7248 4 8 7628 4 8 7848
15 3 5 84s6* 3 5 862 3 7 866*
” 20 3 1 90+4* 3 4 9236* 3 5  94x4*
25 2 2 98%2¢ 2 2 982+ 2 2 1000*

H# 10 6 9 304 6 9  56+6* 6 9  6426*
H 15 5 7 3424 4 5 58+4¢ 4 7 6626*
B2 3 7 3242 3 5  54x8* 3 7 6624*
ii 25 3 5 3426 2 9  56:8* 2 10 68+0*

*;. 5%BFEKFE *: 5%significant level

oG
AsT ook
18 = 16h
B |m24h)
mIET
18h 24h
JoEisE

]

1L FEXBASELHTHTIHRE. o BITE b FHRER
Figuer 1-1. Germination Rate of Two EPs in Different Temperature and Illumination
conditions.  a. Lepidium apetalum Wild. b, Eremopyrum orentale

22 AREZTHTRNIMEA

EFERFR T AR F AR AR, PR ROEE, B
FEAERAMES — 2, TMREAEREEEK. XETL. BERRE. RNKDT
MR RIS, EF12: 008, MIMENRFREEEN 35C. BES
A THEFR,

33



PP P

150
*®
R 100 B 12, BATRARH AR
Ly OBk s in 1?
2 m B3 igure 1-2. Plant numbers in 1m” of
« 50 Lepidium apetalum Wild.
H

(=]

AT

mA 12, WITRERHARERTHIARIDLAEMER. EMEE
AN, PEHEERECRERE, MRABHEY 28

& 1.2 B T R RESPIITEAERIRE RS LI, XA
BAREAREAT AR t BROGRERY, FMHESETEERNSRIERE
FWEFLE. ERREaEYRFREMA, FHRERE, b, RBER
M, BRRWAE: MRRMERERA S, KEBER, MHE. B
¥, REBEFHRERE Y, RAtEmEE.

#1-2. HHEEPHRITRAEKEER SR
Table 1-2. Characteristics of Growth and Fecundity of Lepidium apetalum Wild, under Two
Habitats.

%X “H BEK ARE
UEs LR /m’ (cm) e {cm) /R
Wi B 1825 344231 2824 5.9+1.1 34+13

P 140x10* 52,2+7.1* 88+8* 9,243,2* 49+16*
*: SHEFKFE *: 5% significant level

23 FARERRARITEAAYR

WG REEBRN RS RAREER T REEN AN EAERRLERET
O, RARZEMTERBK, BHRRRBMGEN, EEERIMATES
AR, TESREREEGHPML, AFEENER, RATER
R R HERE (R 1-3).



HEAFALL L

#1-3. KARHELEKBEHREHR"
Table 1-3. Characteristics of Growth and Product of Eremopyrum orentale™.

o WK BR A% awm; ;%)
Im' (em) (%) HMEE UMY HSE 5Ky B B
gy
;Z; 60 30 6.24 1346 2.04 27.25 43.78 723 026 023
3. itig

3.1 EarEYFH THAR SRR NERIRR

TRV THERE, KOREFEFEZWGEN. BEHELThKES
3-4 AMKIFYEEA-1.6-11.3C, TLRPREKSRARILEREEHY, X
— BRI R B ET IR E. WAL RBERRERE, £SREKN
HFEETRRMKMINTER, AEEDNERHEREERHERRT
YT BERFBIREL A4 AP TOREETEASE, SREERRERE
B, EalPAAH L RPFRAK S RERTERREY, ETEF R

ZHAIREKBEE, TRAERAR. -

AXER P AR EMEY— R REENMTRNH THRIENER
RI7KS A, TEMERTIR Tt iRB N B PR R Ew. U LR
PREA TR : O aEYENRMMNEZEEZREELKIRE: OERLH
R R FHRiR R S AR T TR MR R (6], IREATHRFAE: OABER
A RSHATHOFF RS OERIHEM BN RS R RER T
KE,

PLESRSE BRFMH T A&, EalYnss B8 TR
PEER T RAEES, OSSR ERTRET REMFHT.

32 FarYGELEREYBEEFENBERREA
EERAFEZMRARIRT: KM MEMRERUT C WM “1E3R 4
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b7 U0 XE B ERG A AN EEARA B R, R NE,
K&, AUERABRANYRERDFRETURAFREELEH, N\
T A EARETE 1-2 A AR A ARE SR K THE. SREFRAW,
A S EYIAEST N SERE T SR AR R AR T Y mil o,

MBATRMAAME RSN ZER RE M, ol riiRiE
RIS AR RER R B LR ZZIRERCM RS, Rk
A, BEENEGERERSE. DIITIONG], PR 40-50em HIREEALSS
2-5 JIRAFF. MEKEOFTH, AR TRLHETEHLGRER R, 12
BT H Al

BATEMET BEZE, WITHAER, GEREREDRIAEMTPE
B: 4 APWE 5 Bz, REGEYEKRTRERRANEENE, i
HEERTE IR, BJtRA, BRRERTHKIZRKEE, HRERHZEK,
NRBEHEEN. BREVEAE, TR, EEGEARTFHREHERRRS
B, AKSPREERERFETIARSEFEM, BRBAKM A E RS
W E &AM AR R A REER . KR AR R R
ERFHERRAR A RRRYE S ERAER NPT FRIR L EH,
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R AFRERK

FE  EaEYENSHSENSHTTA

H&RHaEY (Ephemeral Plant) BHEBE X A—LEKRFRANEE.
ML FEREKEFREVRETCRAEE RN, HURFRRELT RFEN
— AR RN, BT BN E R AR PR S M S KRS SRS
SUBITHETHRINAE, RAt—S2EBdMRI I EaEnER LS
ROHARBEMYINLENE S, BTRET R £t h Rk,

TERAAER S A REMEYEFB TR EARRA, HEH
MarEMH R oAEEN, BTSSR, mAEREETREPAEX
B, B CEARMMMEH, KL EAEARBRETY
AR, HaEYNENRINRE. FMTROSRES, PEERAIXH
SHEIE. CERER. EREHR, B —ERBEHFENEY. X
RGN AR, IR T RN ZER.

AXUBAHAEMEaEY: REH—FRFEEE (Eremopyrum
orientale), +FRHB—MITHE (Lepidium apetalum) tEAVFFIIH, FFLL -
PRI EI R Cy M. RARl—/E (Wheat), +FIER—3K (Brassica)
EhSHEMR, SUEHHETEDENLE. BdEERETRESHET
MEnt i AHKE, BIFEEED N EEH R TREN A ARAKTE, #TE
WA B RNBRIETR. BT EaHA S CGHEYEY AN
IR EMHRARAIEHLERR: 5 GHYAR, EarAEIR L —%
5 CHYRUNSG R A—RAENSEH, ), CETRBARPEIEEE
k. WITHRMNKERNERESERY: BoEYETREEART, MK
BEE, MREEELAAM, HEEDEENFERRIE, BEEIT CHYN
EailfiE A
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A EHLEL

1. MBI
11 ERHE

L1.1 #4#t$

2005 4 4 AR, THEXFGEALEER, RBRAKS. BESARNE
KHEEHT, REFHPEOHEY—FHBREE, WITR, Wl GHp—
W W, D EDRERERGN R, R EEEHE.

L1.2 RN

oIk, Uikl BEA, BE, BEL, BF, BT, 85 BAE,
PRI, fREIE, MEE0BT, MR, MESROL, RE, B, BEIIA, &K,
BE, WL, A8KE, P, S8R, BN, BRE BE, RER,
SWE, BEW, BRE, KER.

WEAR. LZF. ZRBE. SHWA (T0%, 80%. 90%) . iTERM4N. BERR
. &K, FERE.

PBS. BSA-PBS i,

® FAA BISEM: /RS 5ml; 70%Z.82-90ml; JKEEAR 5ml

@ 1%FLL: H 1g BT 100ml /K

@ 1%[@E%E: B4 1g BT 100ml 95% ¥

@ PBS £&Mik: 8g NaCl. 0.2gKCl. 1.44gNa;HPO;. 0.24gKH,PO,, Hl HCI
BEHpHE TS EEZEIL

®1%BSA-PBS 1 [Ai: pH7.0 PBS, & 1% BSA

L1.3 RS
AP, R, B, HEME, B0, 87 950, B, 2|0
o DER, RS, SR, BEd, PR, KA, B, BT,
YRET, BF, 8, E5hs.
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kRAFALRL

L2 LRF
L2.1 &fERBEnH

WL LR (RARER, MITE. MFE. ) s, B
FEHBKEY RS 3em 5 L Sem /DB, AITHHEREDI A, MBEMEH.

@ EE HeyBANMEYHT R T E S, BA—CEFAEREHE,
Bt E RO S, HEN R TUREIEEBE A 1L, BEERFAARERRA
NEEEEED, HFERE24h.

Q@ e RITORZEErPEEM A RIAE R, #epE3k, HK0.5-2h. B
RA TR A ENFAMBE E R 2, TEMT—SER,

@ BAK 80%. 90%ZE & 1-2h—FKZE (PEHR—IK) 1-2h. BAKKE-
RO TAEEFKEETHEN, FHEOH FHSMETRKEHmAE, Tl
ALl e 2 RBHL.

@ ZEWH (1/28KZEE+H/2202) F1-2h—~ZHE (HE#—K) 1-2h,
BRI BMET: BAZEANGEERETHER, MEfHMaUn_FELE,
ZHERATENMNIAE.

® B B\ (I/22RZE+H/265) MRERTHERE, BEFFET.
BIR, HEEFRZEE0C, BHMEBAGE T BRI, AEIIdFEES
lh. ZEIERTEARBREALDTHERR (MZFEF) , EAEBESHA
HERIMEREUERE, Bl EREAANSEN R, AF1-2d. &
SENEBRAENIET, HRFHAREES-60CARH, HREETELR, MU
AL RN, BETFERMAO. 5h.

i HESBERTNANERAYE, —REAFERTFHRES: T
REEGRERSHMER, BARKAY, SRHEaHERE.

@ Uik HaEfEk, RELPASMEMEE, BEERRL: O
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KRAEHLHR

PLEVIH SRS, EER8-10um.

Wil EIT P RO BEER T, BLsEwRA: B LR
RREK, BUTROGFEEUEKEL, FEAATAT: BIEITCRAE
LRSE, (ERERSIARER A £, ERBERERE, DiLsEiEt.

@ Fa-BEFNP VIHEZFEPELS, 24930min, WYIHHEMEET
SE~ (1/2FKZE+1/2 B2 smin—BXKZEE, 95%, 90%. 80%. 70%4% 4
PR 2 5min— 1% LK S i B BT B —70%. 80%. 90%, 95%%-44KEM 7K 10min
—~1%FIFESZ (IS HREACH]) Lfa10-40s—95% B R vE— F — Al #f37K 5min
— (1/2KZEE+1 /2" HE) Snin—_"F#5nin

@ PEEMIERE PEERRE K, B85 professional series(Motic)7t5# & 5
HTME. Hig.

122 Hifea#EY R

BB EEEAR LR AL, FESERM. B, B,
RE. BERE. N REESIR,

I bR CRTREE., WATHE. ME. B30 wnth, ARG
HAKEI T 1em % 0.3em M/MEL, FITFHUERIETN, WREMLEH.

@ WH HRHHALEER ISR E, B—WRANEEE, AW
R#HE. BRI KR “HEL7 BALUI T HER ImmxImmx2mm KM
%%, RERFESETRAZRBERTANBERAMET . mPHALH
AEZHNEMALRHE, MaRARERE/UE REBEVRMRESE.

@ Ex BEMERRRITREARDHEHARBURKY FEHE
FEERE, FAEEMEREEMERFENLE L. ARREEEAXH
BB RN EEEE. 2WEENEEE, PRANRSMEEE. 1E
SER 25%RRERE 2 MELLE, BEER 1%8REwREE 12 e,



KBRAFALEL

pH7.3-74. BEE5EE, RSB 20 440 E T I K.

® BAK HTREMEARESBANALALRE, HHEEHALNIK
ST, BA—FRK R AR RARR SR ARREUCK, ERMABRK
MR ZBAAE. SBRBKST RS, E, KRBT 70%
PN 15 250, 80% TIMH 15 7380, 90%7EKT 15 0%, 100%KK 10 2% (=
). HEMRATE LA KE R SRR GIRES YRR, THE
~ERRERN, ERT R EE.

@ BZE BEMRASEFZABARNIRDCAR, XFHaERER
HRAER CREED AWk, SEBAARRN, AMAZSELN, F2nE
B, BRRRAREk, MEHITEEN.

® G FHBRAARCHEESZILBROEERST, REEEBLT,
£ 45°C (12 /hB]). 60°C (36 /b)) EBEWME, BPTRETEL, HRaEk,

BEREFNER: FIAANENS, RFFEIETRED; HASLE
BT ) EAMEFN, SmA—MAREESS, aENEERY, Bl
£ BEIRRBAESMEIER], UasRER: BRidaEnmasRER
P [T R i e i

Uk BEURRNPREE: SRR~ KR~ RN 54
ARMEEE WS R E ST E~F NIRRT EE, Ok
— VIR B SRR L,

@ BEVIF MG FUER—/MEBMERIL, ¥aeaEg s fEReEiR,
RIERER SR TR L, AT RERRMA%, EEFEDAB—EHT,
EEMIFARR L, 2 BRI, 3B 10-20 S0 EPARBTHRBE, ©
MRRA KBS T . EROIRDPERERDS5ZR AL,

HERE, i, B EBEMERTRIFMRRR, BEFEHTAR.

41



KRAFAL L

2. &R

2,1 ERUGEHLE

HYn RSB =AM RE. A k. REBRSEY SR,
AAE. T RE. Wl T LE, T REZE, HAMRKBEEEXR
BEMEpHSF. b, TREZEHHAARPHZESEANELEER
MIGAT. BHEK, A —A K K.

Bk Gt E. ME (B A, E) L. TREUASHRIEARER
HERR, LRESH SESAR, TRESH 224K, FEBEAAMES
AL LML, ZABYIREY.

AR wEY (B C B 6 k. TREUNSES 1-3 EME4R, &
AL, MEALMBRALNREHENS L, AEE.

TR Gk R A re Yt gk, SR B 4 i 4
fi, HATRERRARE. FROE, SadEye . THE4A 6, Hi
. GEANANESAANAREN, ARKESHETRE, BR, XD
FMERES AT REESKED.

FSMEUFHDARERNEE RO DBTER. RHTREE, WITH
(8 D. H) MHRKSMRAEES R R, /b, w3 (B B, F) B/,

Bl AT REE., MITREHTFHER G/ E. MRNBREENE
RET: BEYBERPARETRE, HPREFSHHEE,

A K. LEAYK COEY—F KM F RSN, EPAET LEEHR
HARNSHERRS . FRKHMEE, DRRN RSN ERTRER,
ﬁﬁ%(@rxn)mﬁﬁﬁﬁa.&ﬁr%ﬁﬁmﬁ%ﬁ%ﬂm.mﬁﬁk
HyntEReA, w&%%%mﬂaﬁﬁﬁﬂ,%Qﬁ%ﬁi%“ﬁ%#w”%u,
EBRUBERGTEEE (BD. ME (BK) fnAREISH, MRt
B E MR E—1% w¢f%4m%%m¢#ﬁ%mﬁaﬁg ARE
A—i, Hardn “HERESH” SRS AR C, YSE RN .
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ki AFFERL

EHHR, C:EPIE (HB) Mk (B F) FERBART A EEH
ZiR, FHEU “TEHREH”,

EA. MEHFRED (10X40) BB, SEEERY (10X100)

B G. BITEREY) (10X40) B H. HATEEERHEY (10X100)
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RRAFHLAX

B EHFREREMAED (10X40) HEJ. FHREFESTERD (10X100)

L

B K. TXkHHEY (10x40) B L. REEERYT (10X100)

& 2.1 YRR SRS R
Figure 2-1. Paraffin Sectioning of Leaves of Plants.

22 MAHEHLE

ik 2.2 fiR, BHEENBAHSHE, BRTEMEDRTRER,
WATH (E A, G) B “TEREH”. M—2KAMMEE s e R AaH
Rk, M AEERBAR, MARASERLEMANFE, HREERTHRE
MMM 2EOHT]. CRMDE. BE (B B. ) #ERIMAARATES
MHERPE, FRE—RBMEH. X—GR5E 21 RRMRED R SRR,

RARLEREERBEM, BITRETREER (B C. D F¥RE, &
FAEEMAME, WR/AREE. BHEE. AEAERN. emAEMN. B,

H5h, FAREEEERRMM. MITRETHBAM (B C. D, A
BEAAR R AR R IR ELL, 4 S A e 5 0T 1Y 40 L (A AT 4T
EMYI R MR T BiEE.



KA FALAR

Bk LB e C3 MR A A R4, /D AR
M A4l (B D. 1 Ml LR EaERNEEREARMLER, e
MM R LEHAKIE.

BE. RHRZEGERBAMTZRE EF. SEHA RN 24
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YR PXYY

B L SIrREETRERER 1. W AamR

BK. BiTREERRARYTZE EL. e R gk

Bl22. RHBRE. DE. BITE, mF AR
Figure 2-3. Ultrastructure of Leaf and Chloroplast Anatomy of Eremopyrum orentale,

Wheat, Lepidium apetalum Wild. and Brassica.
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KRAFALAX

BREFTBREERBTRN AT R AR P IO EERENARSE, JFE
BRMNEGNE, BRETREEREREMMF ORI (B B ARTEEE
R a2 (O AUERD, AR BEEATE., RRE.
Sk, pENRARTHH A (B F) gt mafs gfnsr (3
L), FHREX—Y, BHREE, HREPHERTE BB TEE.

3. it

31 EAMNEHEE S AT RN R

G AN R BT A MR UR, BEESR
EREMEY, HURART— RS A — G R R+
R,

IATHESALAZI, #ERE, SFRENLAENMAL, BN
BHOK, KB IEILRES, ARALERSBS, SRERREHE,
AR GRS, RIS T AT, X~ Bk A, SO, S
SRR EIE, DA~ AR RO T R4
FRHEA L, SRR TS R TR R . BRI BP RS, i
BRERY LT, BREEL, TROW, EAHFEEZUMAT, SHEyR
EMANERARY, RS M,

DB R I 1059-1980F M LUK PRI U MA B R B, R
21, Pim: 3HTHE. ATHREAEETEAS, SERLTAENRHT
HROES: SSLERTEL, FMNMZEORTIE SE0En, 5
BB AT RS R AR R RS, MERET
B, SLIRI 0 IR R B — MR AT (bR B, BIREER,
EAYR KRR Y, EIS RO SHT A AR, &
REFMRAER, SRR AT,
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kR XFALLS

#2-1. EEHSHI1959-19805F KR FBEKIE R
Table 2-1. Temperature and precipitation condition of Mosuowan (1959-1980)

HPYEE (C) FEAR (mmm)
H# Average temperature Precipitation (mm)
Month of month (C) ¥ B R
Average Maximum Minimum
1 -19.2 40 10.1 0
2 -15.9 5.1 13.7 0
3 -1.6 8.7 234 0.1
4 11.3 14.1 41.5 0
5 18.8 13.9 342 24
6 24.0 109 326 0.8
7 25.6 176 55.5 1.8
8 234 12,7 25.9 0.6
9 16.8 76 19.9 0.8
10 7.3 8.8 28.6 0
11 -39 16 252 1.2
12 -14.2 6.0 17.1 03

* BEBIERE (1995) W,

FHREE, WK PERMR ML, HSERA, K
LR TGN M PR RERHERA S0 s XE, HATR ke
G, THEEARIA NS NERS, AR, SREERTY
A, S A — BRI AR SN, PR A
HBAEF . VB SPE T R B R SR BRI S LR, 4k
SRR FRARANL, BT SHNRAMEASZE, SHEREH, &
TR SRR, MATSENE LR R AL S o4
1, ERERE A A EARE SR, SECT AL,
i R SR A R,

A REARAE — TR ARE: AR KRR,
TARRAN: ARETER, K, AENREEER, RAHIEK.
k. R HRY. BOEB RIS, B RS
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hRAFFLRL

M52 B RIE .

FHRE WATHEM R DITE L8R8 i — B KR B A 41 %
HEEE RN S ARSI RIH R, b CHYE. BERBMBERT
JEETERIET, AT RURRH A AR e DAk S M BT R T B — LR EAT B 2 5B
B X, BRE T ASEER, RREENOEEERARESEMEHH ™
PHRGE T YIRFA R ARG . BrEL, HEarEYIRETE 1-2 N AN N S RIF
e SROVEFRRY. SEWHTEREOTETEYELKENKPENTTE.
AR REHRNFIEH, FRORPSHREERESREN, REaHY
HEEFS.

MESHRENREGHPEERBARSE G HYM RS R Rk
ERKE, HolPEEREARTREDS, ENERERTRRE, XEFE
EXA g LS CoELl.

GLATR, RGTBEE, WTHREGHEE R, hEHNER. £KE
Bk, AH—ERBERANERENEY, E0ERERNGHTE, BES
Cs HRLUG “IEFGH” 1, REMEYNTTR. FRORERHTE
[ 224 003 M

32 HalPRSHRESEERRXR

321 45k

WA ARIRE U AL R ENEGHEY S LRNLT, S—BXWENA
VI SRMAEF . PIMATIE, SHRERFTLETE LR, ERMTH
fIkkk, JLFEREM N, BHEERTERLES. EoamssRual &,
SHERCERERRATITN . B0k, sexaRABRZ0HE
FHHBEMRETEX ER, sk, REREEFYR.

H5r, FaMYNER SR ERARSE, XREaERES R
RERIFF B R AT N3 AR, Ealfrik, 24 BhaEy
BEERE, 20 TRAZTRRWEFEKY, TN 4 AP THITGHE, &
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305 AR 6 BYl, WMRELRBX—BAERERBRRK, KAFH+RE
Ho. BRPEMADREREN, 68, BE, KSLEERETNEY
T, HEEZIFHLR, BRXEERYFAUSERERTY, BXBRELE
322 MRERIGH

5FgR&E I RE R, KFEFESMITERSEY (& 2.1-C.
G). FMH-EHFMEALGRAALANI b, L. TREMAMEAR, 5
HASHEL, MEASPRRE, KRR, BES. MHEEK. HEEL
REERAMEZESEN, REMEASMLEREERESTEMAS. Sl
IR REE, BITEREMY, SFLES. FEANNSENX—EE,
AMEEAERRAE T Y REMAEWEY.

dEAh, PR A B 4 AR R A e 5 LA AR Y 40 M 2 1R R
i (8 2.2-C. D, HEERBSMR S AR R T RSO RT R T
B, FRESXMEE, [UEHRARPEE CoOMYEREES
REARETERGEL=Y, AR REEL FRIHRSE CRENE S
fHR, BARBAEERREE.

323 HEHRE “LEHFEGH”

BRI R BRI EERAUMEREH ERTRT R REE. BT
MR RAKTSHRAKE (WA 2.1, 22), 5 CHESIML, EakiErt
F R S5 T T R — E s R Cy A AR .

Cs YT RA WA G4k MR Sikd EEHT C B, BERR
ZAnT R EEHATRARXER . WS EARERE ST, THH
CO, MEARELIRA Co AR, RERENRAHANE ™Y,

MTERF ARG KR E R BT IR EHASRER,
Y — R R AR TR E R ARG S A KRN 4(E 2.1,
G, Bl 22-A, G), BAVRZ A— “TEHEH”, X5 CEABEDN “IE5F
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Zi17 AL 5, EhHDEETREERSAREEE, HEKLHRD
SEEOME, HgEh, BREARIE, BERRSRERGHNAEN (B
22-C. I. E. K), ¥5R/RERS C, 1L

WE 22 i, EaEVEEREM R RENSAEKENERE, X
HAEEERBEARARTT BEE CO B HANN KLY, TR
AR SRR IE R AT R/RCIREFRIRRT, MK Y& fE R Ll TR,
PHELEEREAR T SaEYKPENERERTRASHAE, O8E
THRETRIRZ AR A, RAREEIO R LK IEPE eSS,
BAHBRAEMENELR. XERER. £KEFR, BT —EWBEHE
ERHEY, “TeXR5H” AMATERIRN, Uk, KE. AERMESH I~
YRERYRE T YREEREBEH, AR T EalYiEE 1248
fes i I RESER A . TG, SRAVERRY. Hammiixsh Ry
AR EDERBIFFE, 5 CHEMIEEHLL.

BARRZAET, WHEMEYEE R MR- AR p 4 fa 224k
HRRD BELDWEHGE, T C, YA SR AN E LA W
RHEARIEE, WE 2.1-1. K FUR.

RFFERHEYS CHEYMEL, RAETESREARPSHHRE, 7
EAT Co g RRIRARXER G EHEEERRE, IEEHAA co IR E
REFVYFRRETER, FUMAEH YA, SaEmessEiFa
MEERIE. KEESMAEK™Y, DREERAERY. BE2ENZENERA
¥EEHXES AR ComtBEYRRE, FILKEH CMEkE AT
%, MiaEYERNERED. FREMEYRET G5 c gz hEi—
AR, RTFEXZEHLEERMVERXR, PEEREAKRR.
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F=F EHaEWb SR %@ BE Rubisco K SREA LML

SEHEMO AR RS COM K0 ARIENY CEERE. x—it
B CO, BT FEIBMAL, £5H GREB (R/RXEH) f1C i,
BHNFFEAHALRBHTRERH: AW, BERBRAE. B
FULR “Co; REP., ST RERTEY: CoASERNENRRBEIERE
BFEREERT. C REERNMARARIEREN, WAB™ %, &
KA BRI TR AR R A ERPS 2, JEid %t Rubisco (1, 5-— BRI
BRALRD EAMBTEL, EAFMNEAEDETREE. BTEE G
AN, HENER.

Csv CoMHIM )5 MMIcP 52 L Rubisco % UM 1, A RIEheiad Py,
BB EN P G B AR, TR AL BT R LY, —ARE R
A FHEMEY PRI Rubisco, MM HE. ALE, ARAERH
MBS SRR, REBRFMEC M, AR RHNEEEENTY, B
REMBROFHERINR, AEMR, #— SR EP %,

RER A EH LY Rubisco B 8 M KIER (50-60 KD) 18 MR
(1218 KD) 4k (LeSp) P BAMIMRE R 7R 485 Rubisco KT
(rbeL) W12, KB rbeL ERMIFETEMR S, ARFHEZ @A LLAF] 70% LA

L, BEMATLLUAE] 0% P Y, BRMET. X ATHE el R IEH
1T RBEALRBE T K35

C I 172 H R M5 L B2 Rubisco, AM7EM WATIRPHSIS IR
CHMMFILAR, BH 2 HRILM: PEPC (WMBRANMMBLE) *
BHAETH AR, FIF CO, M Rubisco EEAFETRERBAM, 1
COL BRI, AL GRS AR PR ARYD Rubisco i
ik, LB CHMEE A,

52



RRAFFERR

1. HER 3
1.1 HEAEH

111 ERME

RIS RSP KA RN —FR T RERE, WITE, M, HEE
KRRFMEE, AT {EAERME . EcoliDHSa ., E.coli BL21,
pcDNA3, pGEX4T-1HEEFIELRERTF: TEHE pMDIS-T AR A
AT =G
L12 EEEH

DNA gel Extraction Kit. T4 DNA %%, DNA Marker. [R&HERTIEERM
Ex Tag®¥)lg 8 KEZEEYTEARAT: IPTGHpromega AT =5 EH
RIgG-HRPAEEAYH R AF ™5, GST Bind ResinyNovagen2d & 97 5.
AR A B = =

1.2 ERHE:
121 #WERFBFEE rbecl aﬁn’niﬁ

1211 BBRFEFEFEEFEADNA
CTABHIRIUAR 7 R E 2 AIDNA P& ¥,
12.12 ®itsy

Z#%Genbank L B2 K R R LR b LIEREFIAYS36165. FIHSIMEH
S tEprimer SR —XHERERY,. AT HEAEEE b LR, L5 I0&
A BamH IMTIAL 5, T84 Xho IS &, S EEAET 5. 31
FPFIImT:

Li#514P1: 5°-CTCGGATCCATGTCACCACAAACAGAAAC-3’,

FHE4P2: 5°-CCGCTCGAGTTAATCAATAGTATCTACCG—3' .
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1213 FHBRFH rbeL ZEEHR PCR ¥ ¥

PARIRBEIMI A R AR AEEA DNA fE5468, B LR3|%54T PCR &
3, PCR RENARN:

M 1ul, Ex-Taqbuffer Sul, dNTP Sul, Ei#5[4 tul (10pmoliul) , T
514 1ul (10pmol/ul) , Ex-Taq # 0.5ul, KEEHET K 36.5ul.

RELE&HR: 95CHANE Smin: 95T 30s; 57°C Bk 30s; 72CH
f# tmin; FLHEAT 35 MAER; BUJS 72°CIEfH 9min.

2 0.7%ERGBEREIR ik, 2T PCR 373474, I+ DNA BIREIER &
%} PCR P4yt 47 VB e 24t

1214 rheLERFFIHHT ,

% LB PR RN RS RER b LEE PCRI=YIEHFIpMDI8-TE K
EcoORVERREN 5, WERFYHLKBITEDHS o , HELHHEFERE
BB EFH PHIEEH R ———pMD18-T—1bcL.

EEA RN ESBamH IXholEIEE, BGEMAME LEETHITEHE
MATINE. BRBFFSEARNBEENEERFFI LS RAEE.

1215 rheL ERAE. BBRER KR

Al BamH 1 1 Xhol MESIEAFEL pMD18T—rbcL M#{k pcDNA3,
pGEX4T-1, i DNA BREEIMCRAFIZ 2B 1430bp HEMEERR, A
5400bp+4900bp 727 BRI 44 f B, JEX I ™= YT 244, 13 3] pGEX4T-1.
pcDNA3 Al tbeL £ FAIZ& L B [ T4 DNA ERBEG BERL B, 455
THANEE R BIERE, WREHALEKREEA pcDNA3—beL, FERIEH K
PGEX4T-1—r1bcL, Ff A EAFBFEH LUK HITHE BL21.

WRBENRRNAY . REREE AN, F BamH I Xhol MEIE
PR, BUFEYE 0.7% M SRR ik EEE.
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1.2.1.6 rbeL ZEAFE KB E P HEE

Y& FPEE 4 Itk pGEXAT-1—rbeL HIEL B H I Soul /T SmILB 3
FEEEFFEE SOugml), FEEIK 37°CH55F 2-3h HE ODso=0.5, 11 IPTG
FEHEKE 03mM JFE 37CESR 3-4h, W 1ml BEFYSMEAREESR,
8000rpm , 5 min ARk, 3 175, JliEH 1 ml PBS EM VLR 3 4K, 8000rpm,
5 min WEEGTTE, fH 200ul PBS ERVTHE, TEKBHAH THARKBREER
HEZ, 12000rpm 10min, 7FIEX L7 30ul MEAKEMERE LESHE, BY
J&5F 100°C# 10min, 12000rpm 10min, XX 10ul £ 12%[f] SDS-PAGE f4HT,
HHUSBRFEARE.

1217 MEERAMLIL

BUDWEESIER Ecoli BL21 Witk, i PBS YelR)E, FIAMEME[/10
B AR/ 50 mmol/L Tris-HCI (pH 8.0) + 2 mmol/L EDTA. ¥R E 4K
J& 100 mg/L & 1/10 #4434 1% TritonX-100] B FTE, YK 15min J§, 48
FRBBHEEERHER. KRB 4C, 12 000 g B4 10min 2058, WHER
ERBEM RBCL GEAED. ¥VIHSRAEHRERE 50 mmol/L
Tris-HCL (pH 8.5) (% 5 mmol/L EDTA, 2%/t E®) . 50 mmol/L Tris-HCL

(pH8.5) . 0.15 mmol/L NaCl {KIXBEH:BEMR, K 1h, BELBIMTIE L)
ok aBmisRG.

AR pH{E (pH 4-13) 3% 10 4 pH {H# 100 mmol/L Tris-HCl ¥ 4
HEE, E7FKE (2mol/L-8molL) MREFRMLBEMREE. EEFELET
BIRAERAES 30 min J5, 8000 rpm ZL 10 min, [ Bradford #5E LigHhE
HER, HERGHEREE.

AESE WA EE R 30 min. KIBT, BEREEARREERIA
IS 100 mmol/L Tris-HCl (pH 8.5) 50 R ARME M, EEARKKE
0.1 mg/mL, 31 pH Bl 8.5. HFEENTEY, 4 HEZE (10 mmol/L) ,
ERREAHK GSH (1 mmol/L) , EALEI#ARH L GSSG (0.1 mmol/L) ,
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20 mmol/L Tris-HCL (pH 8.5) , 10%ERHE EEMMEENT 48 h, F6hHul 1
Ko 045 um WHHTIEJER] Bradford M2 HBE &,

12.1.8 HEEERAEN/ D BEBKES
BB AL TR peDNA3—1beL, 7S Iml  1ug/ul R EPRERK.
sh ERFEIMR, BEIEREIAE, 20 RNA, R PCR BRI EE RIS,

12.1.9 HmERH &

KEHRIEA A TR pcDNA3—1beL, EHAENR, SFHEARE—K,
HREE D RS BTAL 100ul, JEALRIER lugul. FEE=K. AETKE,
RZEAL I R K IBFF AR IL M RBCL BAKE, MRk .

1.2.1.10 HAmER

® ELISA REGES KR # M ELISA #%. CL#i{LaY GST-RBCL
A EBENGERREAGO ug/mL), B 96 FLBHFR 100 ul/Fl). L
HRP FFiEMEH/MRAEME 10 1000 BREIE K, BHROBETL
ODusossso T B R HLHEA T

@ Western RBBRMGIAEFFRYE ALK RBCL EHEL, £
SDS-PAGE A B G H BB EWMMBAEEE L. ULSsgLREVREM2h, &
KR Z42d-56d /b REI I (EHE 2h.PBS 8 3 R KW EH R 1gG-HRP

(ZEKR 1h, PBS{EH 3 1K) » BENEY DAB 26, HHE.

122 Bk &H AN Rubisco f% 8484k Ar

1221 RAEEAENEET R H£
MAHl&ETESRE— &,

1222 REGESHFTEETIR X Rubisco 455
RS AFIC BB TRTE 28 C Tt AT LA W— TP R &R Bt
Xt .
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© HEVNAHEME S 2REKPRE 10mine BHEN T HREKE
FAEMEIREWE, RS ESREEL.

@ PBS ZrEERIA 3-5 K, ¥ ERREKET®.

® 5%BSA-PBS #{A# (pH7.0PBS, & 1% BSA), HHIH 30min.

@ PBS ZMEIRLEYIN 3-5 K, HBUA L EBEEETR.

® 1%BSA-PBS MRHIBMNETFEE RBCL RESMFE, —HHH
30min.

PBS ZEMBREYI N 6 Ik, REWREGEMH A EE.

@ 1%BSA-PBS BB ASAREEN R 1gG, HERHN 15nm HIEEE A
EAHHFE M —HEH 30min.

PBS ZrEET 6 Ik, REBREGEMHirtcE, HERFIKN
T2

@ 4%BERREIS 15min, PBS SEHKHTELIN 5 K.

2% TR Y65 30min, PBS ZEMIETHETRIIA 5 K.
© EEFEATHE. B, BETHENE.

2. 58
2.1 ZHFBRFEE Rubisco KW H——rbcl i 7% 695 %

2.1.1 rbeL ZE#) PCR 538

rbcL EFE MR AEREE, FERTHIEAET, BRATUNRRE
FEFFAH DNA P HE: PCR IR I 72 0.7% B S B a3k 2047,
WTEFR, 5 2 ki B—&HEMEIR/ 2k 1430bp § DNA 44, 5
EBRRMREZH el 2K MHIE.

2.1.2 rbeL 2 FE R AR % BFFI
EA BamH I. Xho I NES)AE E B4 FikE pMD18-T—1bcL, E 32571757,
32127 3000bp ] pMD18-T L& 1k BE#1 1400bp ZEBHIHEA H BL.
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ik AF ALk

2,500bp —
2.000bp —

1,430bp 1,000bp —

2,900bp
1,430bp

3-LPCRYMAFREE rbeL £H. & 3-2. rbel BH T BAMYL 2.
Figure 3-1. PCR Amplification of rb¢L.  Figure 3.2. Identification of recombinant
gene from Eremopyrum orentale genomic  plasmid by Digest pMD18-T-rbcL.

DNA. M: DL 2000 Marker
M: DL 2000 Marker 1: Digested pMD18-T-rbeL by BamHI and
1: Negative Control 2: rbcL Xhol

ZEARAEE B A THITRERFFIME (B 33) , FHS
ESLi% DNA F B/ 1430bp, PEIEH HHLA L HET T, XS5HUNMER
H—H.

FHZFFI SRR BRHE ool EEFFIHAT T RUEHE . 7 GenBank
L Blast 875, % bcL 2 i Bt 5 B2 R R M R LR FF RIFE R 99.79%(H
3-0) « HPHEFHEANPERR, BZBA A RIRIL R R I R AR R
M, FARETEERNNE: BREAN Val, MAKRERA Gly,
ERMEERTBE TR, HKEER, BPH: BLRESF, (HHEH
R R,
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1 ATGTCACCAC AMACRGAAAC TAAAGCACGT GTITGRATTIC AAGCTGGTGT TAAAGATTIAT 60
61  AARATTGACTT ACTACACCCC AGAGEATGAA ACTAAGGATA CTGATATCTIT GGCAGCATTC 120
121 CGAGTAAGTC CTCAGCCTGG GGTTCCGUCC GAAGAAGLCAG GGGCTGCAGT AGCTGCCGAA 180
181 TCTTCTACTG GTACATGGAC AACTGTITGG ACTGATGGAC TTACCAGTCT TGATCGTTAC 240
241 AMAGGACGAT GCTATCACAT CGAGCCTGTT GCTGGGGAAG ACAACCAATG GATCIGTTAT 300
301 GTAGCTTATC CATTAGACCT ATTTGAAGAG GGITOCGTTA CTAACATGTT TACTICCATT 360
361 GIGGGTAACG TATTTGGTTT CAARGCOCTA CGIGCTCTAC GTTTGGAGGA TCTACGAATT 420
421 COCCCTACTT ATTCAAAAMAC TTTCCAAGGC COGCCICATG GTATCCAAGT TGAAAGAGAT 450
481 AAGTTGAACA AGTATGGICG TCCTTTATIG GGATGTACTA TTARACCAAA ATTGGGRITA S40
541 TOCGCAAAAA ATTATGGTAG AGCGTGITAT GAGTGTCTAC GTGGTGGACT TGATTTTACC 600
601 AARAGATGATG AAAACGTARA CTCACAACCA TTTATGCGCT GGAGAGACCG TTTTGICITT 650
661 TGTGCCGAAG CTATTTATAA ATCACAGGCC GAAACTGGTG AAATCARGGG GCATTACTTG 720
721 AATGCGACTG CGGETACATG TGAAGAAATG ATTAAGAGAG CTGTATTIGC GAGAGAATTA 780
781 GGGGTTCCTA TTIGLAATGCA TGACTACTTA ACCGGGGGAT TCACCGCAAA TACTACTITG €40
841 GCTCAITATT GCCGCGACAA TGGCCTACTT CTTCACATIC ACCGTGCAAT GCATGCAGTT 900
901 ATTGATAGAC AGAAAMATCA TGGTATGCAT TTCCGTGTAT TAGCTAAAGC ATTGCGTATG 960
961 TCIGGGGGAG ATCATATCCA CTCOGGTACA GTAGTAGGTA AGTTAGAAGG GGAACGCGAA 1020
1021 ATGACTTTAG GTTTTGTTGA TTTATTGCGC GATGATTTTA TTGAAAAAGA TCGTGCTCGC 1080
1081 GGTATCTTIT TCACTCAGGA CTGEGTATCC ATGCCAGGTG TTATACCGHT AGCTTCAGST 1140
1141 GGTATTCATG GTTGGCATAT GCCAGCTCTG ACCGAAATCT TTGGGGACGA TTCIGTATTA 1200
1201 CRATTTGGTG GAGGAACTTT AGGACATCCT TGGGGAMATG CACCTGGTGC AGCAGCTAAT 1260
1261 CGAGTIGGCTT TAGARGCCTG TGTACAAGCT CGTAACGAMG GGOGCGATCT TGCTCGCGAA 1320
1321 GGTAATGAAA TTATCCGAGC AGCTTGCAAA TGGAGICCTG AACTAGCCGC AGCTTGTGAA 1380
1381 GTATGGAAGG CGATCAAATT CGAGITCGAG COGGTAGATA CTTTGATTAA 1430

Bl 33, RITREH rbeL EH/FF.
Figure 3-3, The sequence of rbcL in Eremopyrum orientale.
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B34, FHEEE rheL BEEREE rhel EERRARELR
Figure 3-4. Homology analysis of rbcL of Eremopyrum orientale with Eremapyrum.
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2.13 rbeL ZEM B S HERE

2131 rbeL EREH .. AEEAREHANESE

[FEEHRR, pGEX4T-1—1bcL, HAZEA AL pcDNA3—1bcL, 2L
BamH I #1 Xho I U145 5E, WHE 3-5. 6 Bin, 2-3118%145 5400bp BB
{k pGEX4T-1 BB 4900bp MIFLEERIEH /& pcDNA3 £tk F B 1430bp
fE fZE R heL A K B

Mm 1

5,000bp — - 5 400bp 2.000bp — — 4,9000p

2,000bp 2,000bp

1,430bp —+ 1,430bp

3.5, 4 pcDNA3I—rbcL B % 5E, B 3-6. 4 pGEX4T-1—rbeL i) % 2.
Figure3-5.Identification of pcDNA3-rbcL.  Figure3-6.Identification of pGEX4T-1-rbcL.

M: DNA Marker/DL15000+2000 M: DNA Marker/DL15000+2000
1: pcDNA3-rbcL B4 1: pGEX4T-1-rbcL ¥ 4174
2,133 rbcL A RERE R T AN AL

P 3.9 fiR, SDS-PAGE 4T EA RN EMRERHRERANLREE
B: hniEF 5] IPTG B BL2] S HHAE 26KD W — %ﬁm‘*ﬁa GST RIEHI%4H,
iR MV S IPTG (BB, 25 0.5mM IPTG %S 4 /M HEATH,
TE 82kDa LbH — ¥R B L £ —BH GST M ELEE GST-RBCL.
%4, SERHDT, EARRANRABATERATETRMARESD, Lig
PRSHAR, NRAEHUTREIEARE.,



hXFALRX

SREARYIEFE, REROQERERE, FERE. pH E25M4, M
BT o BAEE GST HEMELAMSEN GST-RBCL, WE 3-10 Fiix,
£ 82kDa e — 4R M E AL . B GST 4R&4 T84 26kDa, RBCL EEX
/K 56kDa Z£4 .

M 12 3 45 S

94 0kDa : L eaoD
a
S4.0kDa [a S | | i
662kDa [as B TN S W —82kDa  450kDa
ds pan !
45.0kDa [ s S i
S5.0k0n e e

= 240kDa Fes

350kDa [ o0

240kDa e r T

20.0kDa e 20.0kDa | S

144KkDa = == 14.4kDa E
Al 3-9. SDS-PAGE /rif AL, 3-10. GST-RBCL @ & E A K4k,
Figure3-9, SDS-PAGE Analysis Expression Figure3-10. Purafication of GST-RBCL
of Protein of GST-RBCL M: Protein Marker
M: Protein Marker 1: #i{bRt#EE GST-RBCL

: E#E M pGEXAT-1-RBCL/BL2] K4 IPTG # %

: BHREZR K pGEX4T-1/BL21 £ IPTG #S

: EAR{X pGEXIT-1-RBCL/BL2] £ IPTG #2HREH

: EHR& pGEX4T-1-RBCL/BL21 2 IPTG %SG L
: EHR M pGEX4T-1-RBCL/BL2I £ IPTG H#RBFERER

W o W

2.132 rbeL ZEMAERE—/MRESHKiESH

RIEHEBRRL pcDNA3-tbeL 5/ BUS 8h, BEBFFERI RNA (A
3-7F1) » REF PCR MBI EA RPN FIE (0 3-8 BiR) . 5
—ikiEFE — &Y B A2 1,430bp ) DNA 455744,

E 3-8 . SIIEAEHAEREK, SR/ RRER PCR 4RESN
FAtEXTHE, FEREBUAEREIET .

PAE A LB FTHL peDNA3-tbel %35/ DR =R, K 100ul lug/iul. X
CAgifb i & 3 GST-RBCL &4 /M.
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2,000bp—

1,430bp
1,000bp
B 3.7./h B8 RNA (R 3-8 RT-PCR KM IHBRERE,

Figure3-7. Total RNA of Mice Figure3-8.Identification of Recombinant by RT-PCR
1: ¥4 DNA S PRE RNA 1. S DNABHDR,

2. HEHAEHEEAKNIE RNA  2: BEEEBKME

3. EHZHEN RS RNA 3; ERZERAR

214 bikR#

2.14.1 ELISA Br#idkstt
F RBCL /p M5 HEST RBCL ffJ ELISA #4#, %5238 RBCL MR
MEREE 1: 500 B, XMareli&®) 1.299, T RATFEEREALTE.

1.4
1.2

O %2 i
a=1%
B Y

08
06
0.4
0.2

1/500 1/1000 1/2000 1/4000

B 3-1L.ELISA R34 DNA %8, RESHNEGE/DRIEKE.
Figure3-11. ELISA analysis of serum titer from Kunming White mice immunized by rbeL.
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2.14.2 Western B #lPU& F i
A RBCL /b By iF#E4T RBCL ) Western blot F3|, F24 82 kDa 4bH T
1 4R EASE 3-12), €9 RBCL 7 L5 R HIFA RBCL A% 4

M 1
116.0kDa
 —RBCLEH
66.2kDa
45.0kDa 3-12.Western KB4 7545 5k,
Figure 3-12.Westernblot of recombinant expression
35.0kDa M: Protein Marker

1: i3t RBCL HifkiFidf4i{k/5 RBCL & H

25.0kDa

2.2 G eikd e PRI b & 1E e
BB kB i E 2 s R RS, AT R SiRc Y
FIRER, BITE, M. BEHREAMMLR, MRLERME 3-13.
FHAEE CHEY—ME (B D. ¥ (B 1 &, Rubisco I
PRE TR B AR P A M nT SR AR R (8] R K IR

TWFHMEMHEY—FRFREERE (B C). MITH (B D) M F#k
PEH RSB SA, BASIR EE SRR NS RS
Hr R ANRREEA (B E. F). X%H: B Rubisco M 7EGAEY
FEERMAMR &k, M RARH SR ERBROREST .

DZERMRHLEREOEEIENE (8 A, i (EB), JLPRH
BRIV BAR SR B2 A o

AT M ERBR B ST ZEN 246, HEE, F. L JHRETEES
SR AE G. H K. L, B HIETHLTEMAEr 2R HX A,
AR ARERR L
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KR AFALH L

B K. dEFAEEYREECR B L 3 A SR

B 3-13. K REE, BITH, b, mEh %R & 4 €467 Rubisco. Bar = 500nm.
Figure3-13. The Immunogold Localization of Rubisco in Chloroplasts of Four Plants.

3. itig

3.1 H 77 E#E Rubisco SIARHE

%TF tbel HELMFHMSI%, —HURRAGHERTRLELTRMEY
32EL Rubisco MW, S5 BAMLEARMERTNEL, REHEEE
FLED B, RHTENRSETARE, RAETSERESN. RAKA.

A0 R ST B RIS S AT T . BRI BT LU
FEHEEE. NAHEMSETEEEA R, TEMMEE. RARE, i
K, ERABETIRIRG— KIS . BRENNENEL TSRS
% pCDNA3.1 3, B—H7 AN a E RN SN RA R,

MM A — PR L BE T A b T T, SRR skt
BRGEETFRIKE, FUERMAEL RTRAT RE SRR,
UM, SI%HANR. R g 2,
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Rubisco KIER MG HERREEN ST, ETFRMBHDZ MiFEEE
RE, FHERIBCRRMBEEN bel HEFEF RGP ¥, NEHEH
FLNA DNA P EE: PCR 14158 rheL £, MR EERIERK, KRIRK
JHi{E 4 DNA R %% PpR=IK, WTLABEIRFREZRE el ZHEMR SHM
. HBTEARERERE pGEX4T-1/tbcL, F31E BL2! Bip KEFRIE,
ML EFIREER.

REFEER T —MEE— KB ERIEM RBCL LLERAEBNEA
PEE, XN T Ae iR, ABTATELE RBCL R AN, RARE
pH AMERERENERARAED, FARKENEHTEY, FEdEREA
AARPEREREAEFR=E_GE, UMEAEARAIEREDESEE.

£ Western blot A1 ELISA R#ll, RIXF I EBEN el Ui, &
RBCL BA% &7, RERNENE, THTRESTER, e R
SFHHAT rbel BE RIS BERAE e BT FIR 4L T EERIHUA,

3.2 B RS A e b4 1 X 3 8¥ Rubisco HiTH LA EHRE

£ C3HYIHE Rubisco FHEAMLEH WM BAEMRIFHKIE, TE CoH
A B 0 2 B4 A T 40 M S k0] R BRI 20, T FI Rubisco ZERIH
kARt P AR R A, AT A ERIRRIREY, FETR
BRERY Cob SRR AR RS Kranz MEI4HERETEH, X2 R
%[45- 4710

M, MESHE GHEY—, R —Fot R ST LA 1
RRIZET, MAEERRREE—Rubisco WA ATERM WA MR SRR
K% (B 3.13-1 1), FTABALE—5 %,

TR BER, BTEEERTRARAY AR ALk, B
e B B AT REART SANR X (B 3.13-E. F), RRE
g (B 2.2-6) REEGEDESRBMBEH ZEAI KRN
ERHL, XIEBEE R MMM 415/ 57F Rubisco, 3£ Rubisco ¥4T T BEE

66



hEAFALA

CO FFBRAEGHANINRE N, KRG ERAFRE CoHlmiLl.

BRB SRR R a4 RE A M R WEF Rubisco, {HRH
YRR RS R AT, R P A A LU R BB IR A Co
WAl ¥, M, SEEMEE. EERERASEEBRIZE C, MYEE
— &, ERX R E R EY SANN C BYEEREAS THA N ERNE
EHRZE.

AMEGHYENEMTES GHMEERRK, RIS CEMER
—fstt, BRE CAEMNEE IR A UEFE T S ERRB AR —
Fi—Rubisco EHNELHHT, MERAAREHZRBPHURRES A, MHHF
WU R ER (0 PEPC %) BIEL. BHSRAMTHS, THREEREL
ERAKEEN. AMbSRRnEREiRE.
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Gik5RE

#—, BILEEI, € RMETRE A ERAT, SREHERET:
RO REE, WK RERA, HHTFIEER A R R R 2
A RE, HREICKEEMN, FHRTFRARK: HABERDEL —B
KRR RS ST R AR, ARESHE: BTHRARAEEN
BE. RBUMOMHEE, BRI C B “TER G, EamS CuHi
MESRNE, BERGMPAHRENFRNNE FHEFE—, Xk
BipsiH, REMHEMELREPRBENT TR, GRS RESHITE,
T AL T RS RERR S i A B

B, WSRO, EEHHRE TR A MRAKE, SRR
SR H—PERF RER, M7 SR E EMET S COammRg <1t
SR HY”, SRR R A, R R T R DL R RO,
MRS AR ERRE, K5 C MM ERFHL,

B=, HTHICATERXERE Rubisco TREER, RNFNT—H5
TR H SR R s, IR, EMRERIE, NED
KM S EREE RN R ARSI SV, XHAENRSETR
FME, AR, RAETFANFE.

B0, EARALER, RESIFRSREN: RYREE. WITHE
SRR IUAE] Rubisco ST SIFRMBAS TR, TOPWARDHRR
M. T Gl M EGHES, RN TR, BT ERTh
A YRR, S5 OB U247 B Rubisco T SLESH B 41 K v BB L4 ) €O,
BITEEDE, KHMIEWTHRARE, L, XHEEROLS TR bt
BREREHYRE T ORAERSBEN, BRERT SMENRTE 12
A BESEHENSERTFE. SRIEEAN. KHELNEREY, REhEY
lEZ I

B, ETU SR EHESHANTN, RINTTUMSHHER.
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RARER., WTHRAF BN HEEHEER, ERRFRHE
Fraawy. eEEEES LR G HY, BEEME. BR4AH. 8%y
EEER Co Y, ZET G CHMZ R —FRE.

Wbk, EREESTEEE S —BWIK Rubisco Z4MYIERE, 1 PEPC,
NADP. PPDK % C; A1 C, Mk &8 B - RIS, LIROX SRS, X
HREBEFIOLSER. AN ARBITESE,

G FI Cs YA AR BHFREE LHEMF LT, BFEAEAR
BT E AL IR, SRR IR A R, MR
HHEAERNERNE SEERR. KUK, AT—E5868H Cte
HHSA G EMLERENIEANE, RRBIET —EHRE, E36RE
. EAEPEA—H GHEYA CHYMBEITENERL, S AHEIE
HRRERAN, HEMR C 1 C LA ERRBRELIRE.

HTREXR, FES—PMEREEY, HNATENE. HY
HETH, MUBEETH. ARENEESLROETSE, URANFAES
RV RIAE L, AR, R,
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KBS, METCH, ATFERTER, #BLTIRX, =ZFMBkEd
EFEETAS. WEREBHEAT, OCEAARETRE, UEHEHESHEAR
RERERNBZ, EXE, EREROSR. BHERGTKERAZEN, R
FHEEHE.

B, RECBHFTREFAR. SERIREX=FPAREOME
75, IWIREMFL. FINKEEERNEEPENHNRE, 2R —EPE
TR fb R, BHEET EREE, SHEE. MNHERanE
RFBTI M, ABIHEHTHA; FOBBENROASEER, ERNOK
FREAEH. =F2, REBRES]., LRBEMEF AT REEAE, £
ZEMEEAHEHRBRT AT, B ORISFERITTRER LMXESE,
RN ARRIRLE TRERBEENES. KEOTLET M 2T R,
EREER.

HOBHER FHEALEN, B DERIEBERBRBRT SR
SERE, HEEEE] T DiREEN. FLAZM. WHIRZM. ABMEN, &
BARZMNTFLR2WAIES, BUBKEZMNFARZMEGHTS, SR
TIE0E RIFRYSES 4. X BALEM =R TA M B R i 22 i !

HOBBAR—-RESHRALE=FHNRTERN, ZF8, HEMHF. &
B EEZHMAEAE IR T RN EMEERNESE, Bl BHTE
FEASRCERAN IR RIAAR T FOBGHa T BRI H By i SLm
SHUA R Iz ik, RIS L RBSRIFHTIR!

HOBBHRAZEGHESEORER TN, FEAZEALIR DO
BRACEN, EXBEBRTRTTRREED, ERXBERBINIRTFEOMNEGE !

LT REAFRRELNEGHLESHRERNE R AT
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