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Micro machining of Micro-cantilever Probes for Efficient
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Abstract Biochip technology will bring a tremendous revolution to life science and medical research in 21 century. Microarray
assays represent an essential technical advance in biomedical research. Recently, the demand for microarray assay technology has
spring up. Therefore, low cost and flexible techniques are needed to meet specific requirements for increasingly integrated bio-
chips. Also performance must be improved in terms of speed and sensitivity. To this end, promising approaches, mainly based
on micro and nanotechnologies, have been developed. In this paper, the design and microfabrication of a novel type of micro-
cantilever probe are introduced. These probes were fabricated using silicon dioxide by Micro-electromechanical System ( MEMS)
techniques, and they featured one micron split gap, microchannels and self-replenishing reservoirs. All fabricated micro-cantile-
ver probe were tested on Nanoarrayer' " instrumentation. Cy3-streptavidin was loaded as biological sample and patterned on DSU
gold surface. Results showed these probes were capable of generating high quality biclogical arrays with routine spot sizes of 2 -
3 microns and could deposit at least three thousand spots without reloading. The spot size could potentially achieve sub-micron
when probe size was further shrunk down by the high-resolution lithography technique or more precise microfabrication technolo-
gies, such as E-beam lithographv . To further improve sample loading efficiency, it is needed to modify the cantilever surface in

order to better confine sample inside the microchannel and reservoir, which will be researched in the future.

Key words Biochip, Microarray, Micro-cantilever probes, Technology of micromachining, Cy3-streptavidin deposition

Received ; September 16, 2004; Accepted: December 23, 2004.

This work was supported by Grunt from the Nano Special ltem of Shanghai { No.0352NM017) .
* Corresponding author. Tel: 86-21-62932517-811; E-mail: livonghai @ sjtu. edu.en

L T K % R K& B B E (No . 0352NMOL7) .

© PEMZRBEDHRAATIRSRIEST http://journals. im. ac. cr



BEFE - EEL A SARFESH NHCO, B R TEEH R &

221

BN Tamarix .sp) JEARBRANTFAR, " ESHF
KEAILM TS ki, 2R
i @D & ARRR BT SR PR R R iR
SR HI, BB ITHARHBRT A Y.
B, [ A S %48 00 B I AT T LR B AT B
ATBRENHRSS NBIHWEBBEEFCLET
RIEARMN(T . Cracilis ) #) 5.88 fRNA JT 51 . B R
(T.ramosissima )89 | ,5- _BEM E RSB (LB /N &
8 (ribulose-1 , 5-bisphosphatecarboxylase/ oxygenase YDNA
FFF) FUMIAR R AEMI ( 1. canariensis ) ) tRNA-Cly # H
KDNARHI % BEREBAMERE CEFEHX
TROAMEEAMTIANRE, 2 LREVAZERS
AN B2 (SSH) AR KB T - hia
MEREMERFER., R, W27 NaHCO, 8T
BIRFT B W0 ( T, androssowii , {8 R AF ¥ ) B9 cDNA L
FE A R 30 PR T R A B R 3K 48 KB EST R &L,
REFEEEATRUME S T ERTNEER

MR EER, SR AERE M
M. Eit iR uEEey SEEn sy
. EHE R (Cene chip), X F& DNA {5 B (DNA
microarray ), BRI R BT ER K REEE R EL TR
FEBHF ST AT O Sk L R i
Bl HB B &K (gene expression profiling) 5 B
RN RERTENEHEE A, LR 22 A R
MK mRNA K22 FIF 0L, R KR KB RR &
mRNA K FHIRIA G R RS N R HEHATLE M
ERFBEIFTHH . Bk, RETHD L HE
MM GA . HAT, BN ¥E C 2R A B8R
HIEMGA T e Y R A R EHRATT W5,
OB WA KR S48 SXFEE
BREHOTRERAMNERFRIL, FHEBTEEMNSE
BRI LI T androssowii ) I £, 8
TR R ARBEF T NaHCO, BhA RIS MR
MZESF AR, MK AT R S LR i 7 g
1 #edfoy &

1.1 #§

I cDNA XE A ATRZHE2(HXAE Y
Stratagene 2 B4 7, 7 By 5 Catalog # 200450) , ¥ 45
XEEMRE N 5.6 x 107 plu. BEALZE# SO M S

SEREM R H B AR R S 1317 5 5 At s R
#HIT PCR 7738 . HKET PCR M- EHF & .

AR AW PCR =WRASAEIRE,H 75% 28
VEROUEE , s P B B I 7B R U0 08 B OmoniGrid 144
RO (Majer Precision 22 7 )i S 8. i h it
BEHBEWER 060 &, 5B, i B A1 8 4>, 25
HBE gD, HEl& 2 MHRABHFGREEER )
QP
1.2 #Z# NaHCO, 2 E RNA 8 &

HEREWR 0.4 mol/L 4 NaHCO, R T
P WAL 48 h IS EUH (M R) . [Hat, B
S REFTFEAFIFTLE KLLLFRHE U B (R
W) EXTER . RNA 43 B5 A CTAB ik, B HI 4R 49
HOHE)S. B CTAB B (2.5 % (W/V)CTAR,
Wi®E 0.025 mol/L, NaCl 1.4 mol/L, pH = 8.5, DEPC
S ANOEFH T EZFEIF65CHESB 6 min, &
KE. A ZBERY Tos X8 .S ESDHE,;
12000 g B> 5 min, B L EFRFFHLES. &
Bl e K SEEIGmE 1K, 5L
VA SR LAY LiCL(4 mol/L) F 172 EFA Ak
LBE, K& 10 min, 12000 g B .0 10 min {1 7E RNA,
5 % /) RNA A DNase I{ Promega %> 7 ) &b 3, i 1k
AREF7ER) DNALBIE BB kRN HE S, 3
T HEMARIC .
1.3 REWEESEREX

NaHCO, Ab 3 f10t B & Ml oDNA M 56 % I
Cy5.Cy3 28 EARIE S ERMEC. A RAEBE R
W R AR EEHEAREREEBTR. hFBEE
A CyS-dCTP #t fT #4540, %t BU4H [ B Cy3-dCTP
TR IC IG5 B EEBAE 6.5 ul 225
BH. Sh9SCTKBEN 30 s, B KZBF 30 s,
BT HOSCEHMNMALZEMBER F,42CH
K6 h. BEHISTEH?2 nin, REZFAK L.
MAZEMER 9SS CKBEMENs. BEKZBD
W HEHETERE HISEFHAEE, PR
PRCEZ 18 h. RIGHTTFHEN LA . FiRE
T BRHLHTA 1 F2 5 (ScanArray4000 ) 4 1
R L S o v & -
1.4 HESH

TR R RE LR B 1739 — {k ( Normaliza-
tion) 4bFE . HRIAREMASE GS.O3 ES A& S
BEEMERESHIBELERESH.EES
MEFREM (A THAGSE) T ERE S G5
SC3ESHMILE, ROEEAERTHME r=n

C(GYSICR3) B2 AREES r ERFEHER,

M —IL FZEH EXP (R), T HEAEEHELH O3 5

© PERZERMEDHARIATIKSHES http

ournals. Im. ac

cn



222

Chinese Journal of Biotechnology £ #H TR ¥ #® 2005, Vol.21,No.2

BHREH AR BH 3. HBREHES
MR R T, /0T 200 B9 Cy3 * A LL 200 BX
£, ERE H AT X E 7 H Ratio, Ratio = Cy5/Cy3 *
B RELHW AR ORatio AT 217X
BERSEHE FiBEiK, Rato B/ F 0.5 HLEAHH
BTFAEXORKTIRAR B, UHRFHRN L
ERNTREAES HEEML. THRERANT

¥J Ratio {H ( Average Ratio) i I /K %4 3¢ Ratio HH ¥
HE.

FHHNEFREKLHEYS GenBank ) Nr EOH
#2 H HE 1T BRLASTX 487 (www. nebi. nlm. nih. gov),
BIASTX S B A E B BEB SR ENF
FiRESEEN T HFEN (R D HFEIMNEENR
i A B A

£ 1 NaHCO, BB TEHN AN TRARENER
Table 1 Down-regulation and up-regulation of gene expression under NaHCOQ, stress

GenBunk Average
aecession ) Result of Blastx Organism with highest similar sequence E value
number ratio
CF200154 0.008  hypothetical protein Zea mays 2e-31
CF200158 0.095  unknown protein Arabidopsis thaliara 3e-07
CF198959 0.015  40S ribosomal protein 311 Arabidopsis thaliana le-38
CF198960 0.028  Retron-type reverse transcriptase Anabaena variabilis ATCC 29413 5e-37
CF199471 0.035 Ubiquitin carrier protein Lxcopersicon esculentum Te-32
CF198936 0.070  Glycoprotein Hepatitis C wirus 2.7
CF198964 0.083  Hyputhetical protein CBGO6976 Caenorhabditis briggsae 1.2
CF22684% 0.122  putative progesterone-binding protein homolog Atmp2 Arabudopsis thaliana le-21
CF199688 0.167  zinc finger (C3HC4-tvpe RING finger} family protein Arabudopsis thaliana 3e-14
CF199425 0.227  unknown protein Oryza sativa  japonica ultivar-group ) 3e-68
CF199794 0.283  zinc finger ( B-box type) family protein Arabidopsis thaliana Ze-12
CV121770 0.286  Psp operon transcriptional activater Escherichia coli Se-04
CF200204 0.333 DNA binding protein TGAla-like protein Arahidopsis thaliana 0.002
CF199095 0.335  aconilase-iron regulated protein | Curus limon 4e-70
CF199474  0.364  PSI lLight-harvesting antenna chlorophyll a/b-binding protein Pisum sativum 407
CF199633 0.370  Unkoown Arabidopsis thaliana Ze-15
CF200075 0.383  thioredoxin peroxidase Secale cereale 2e-25
CF198966 0.394  KH domain-containing protein Arabidopsis thaliana 0.085
CF158881 0.396  Lnknown Hyacinthus orientalis 6e-08
CN60S550 0.397  GEG protein Gerbera hybrid cultivar 2e-10
CV121771 0.406  Dbfd-related factor | Home sapiens 0.92
CF1498969 @.411 Unknown Protein Arabidopsis thaliana le-06
CF198689 0.411 nucleotide repait protein, putative Arabidepsis thaliane 3e-18
CF200093 0.413  ethylens-responsive protein 2 Hevea brasiliensis le-12
CF199680 0.434  Ne significant similarity found
CF199337 0.435  Hexose transporter Solanum tuberosum 0.05
CF200094 0.481  steroid sulfotransferase Arabidopsis thaliana Qe-07
CN65567 2,469  aminotransferase | Cucumis melo le-54
CF199158 2.470  MAP kinase Pisum sativum 2e-10
CF199711 2.479  nbulose 1,5 bisphosphate carboxylase small subunit precursor Amaranthus hvpochondriacus Be-51
CF198647 2.487  Protein of photosystem [ Spinacia vleracea 4e-32
CF199721 2.556  membrane protein. putative Wolbachia  endosymbiont of - Drasophila- 2.2
melanogaster
CF199851 2.567 Enolase Spinaciu oferacea de76
CF199409 2.764  Bax inhibitor Lycopersicon esculentum Ze-54
CF226851 2.840 Plasma membrane MIP protein Axonvpus compressus 2e-13
CN725499 3.003  putative polvubiquitin Gossypioides kirkii 2e-58
CN605502  3.024  chleroplast protein 12 Nicotiana tabacum Te-35
CF200174 3.152  unnamed protein product Homo sapiens 4.1
CN603576 3.348  Metallothionein protein Hyacinthus orientalis 9e-07
CF200072 3.44] MnSOD Heven brastliensis 5e-35
© hERFERBEDF RIS http ournals. im. ac. cn
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scoession o Result of Blastx Organism with highest similar sequence E value

number

CF199672 3.524  ribosomal protein L19 family protein Arabidopsis thaliana 8e-38
CVI21772  3.653 aquaporin Ricinus communis 5e-32
CV121774 3.677  fructose-1,6-bisphosphate aldolase Lycopersicon esculentum le-69
(N60SS64 4.185  polyubiquitin Pinus svlvestris 2e-39
CF199173 12.131 Tvpe [[ chlorophyll a/b-binding protein Lycopersicon sculentum 3e-48
CF200124 4.373  cold acclimation protein homolog Arabidopsis thaliena le-21
(N725505 4.390  Metallothionein-like protein class [I Fagus sylvatica 2e-07
CF198722 4.492  cyclophilin Euphorbia esula 8e-14
CF195722  4.655 metallothionein-like protein Actinidia deliciosa 0.014
CF198894 4.677  DnaJ homolog Salix gilgiana le-55
CF198425 4.966  Cys/Met metabolism pyridoxal-phosphate-dependent enzvme family protein  Arabidopsis thaliana 2e-38
CF198597 5.115 Leucine-rich repeat protein x Cltrofortunella mitis 4e-17
CF200036  5.741 Histone H3 Rubus idacus 5e-46
CN6O5490  5.753 Annexin Fragaria x ananassa 1e-25
CN605501  5.757 Subunit of photosystem 1 Cucumis sativts le-25
CF199333 6.256  Translational elongation factor 1 subunit Bbeta Pisum sativum Se-09
CF199639 6.291 Photosvste [ reaction center subunit Il , chloroplast precursor Spinacia oleracea 3e-58
CF199719 6.310  chlorophyll a/b binding protein Pinus contorta 377
ChNe05540 6,384 lipid transfer protein Prunus duleis Ge-15
CN605499 7.166  chlorophsll a/b-binding protein Lyeopersicon esculentum 2e-51
CF199875 7.238  putative ripening protein Calystegia soldanella 1.7
CF200235 7.592  glyceraldehyde-3-phosphate dehydrogenase Atriplex nummularia 4e-62
CF200141 8.012 GH28553p Drosophila melanogaster 0.32
CF199670 8.320  senescence-associated family protein Arabidopsis thaliana 9e-25
CF200180 B8.440  pgluathione S-transferase Pisum sativum S5e-12
CF199242 §.449  Rieske iren sulphur protein Solanum tuberosum Se-07
CN725508 9.104 eukarvolic translation initiation factor 5A Nicotiana plumbagimifolia le-10
CF199709 9.183  Al-induced protein Gossypium Rirsutum 2e-05
CF199886 9.486 CCR protein x Citrofortunelia mitis le-07
CF199528 .510 S adenosslmethionine decarboxylase proenzyme Vitis wnifera 3e-40
CF200236 10.322  glyceraldehvde 3-phosphate dehvdrogenase Physcomitrella patens le-46
CF200019 10.455  mitochondrial tRNA-Ala synthetase Arabidopsis thaltana Se-06
CN605520 10.738  auxin-repressed protein Robinia pseudoecacia 0.06
CF199893 10.880  putative CCR4-NOT transeription complex subunit 7 Oryvza saliva 0.014
CF199641 11.268  extracellular dermal glycoprotein. putative/EDGP. putative Arabidopsis thaliana 6e-13
CFi99603 11.703  malate dehvdrogenase Cicer arietinum 3e-26
CF199578 11.713  chlorophyll o/b-binding protein type [ precursor Lycopersicon esculentum Be-26
CF200183 11.935  amino acid pecmease Tamily protein x";:‘:’“’;:ﬁ:dj :;:"‘]’p hila subsp. preumophila o o
CF200077 14.03%  aspartic endopeptidase Pyras prrifolia 26-20
CN6O5522 13,991 zine-finger protein Orvze sativa {indica caltivar-group ) le-29
CF199852 12.853  calmodulin Castanea sativa le-39
CE199349 12,995  glutamine svnthetase Lotus corniculatus var . jupenicus le-52
CVI21773 13.006  thicredoxin Capsicum annuum le-41
CF199742 15.833 405 nbosomal protein 59 Catharanthus roseus Qe-22
CF199169 17.058  translational initiation factor e[F1 Oryza sativa ( japonicacultivar- group ) le-53
CFI99347 20.455  Elicitor inducible protein Nicotiana tabacum 3.089
CN725502 20.675 Paype H® -ATPase Victa faba 9e-19
CF198876 23.812  Ferredoxin Leucaena leucocephala 9e-41
CF199069 26.353  photosystem 1 subunit PSI-E Nicotiana svlvestris 2e-10
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2.2 EEMEAETRERIE
2 # X .
B Ze3c B, BAAE X B A28 (I X B A 8 (5 5
2.1 BERAERREIE PRGN — A EES TEEA TS, 28R

M AR R RS TR R R A AN — R N 2.5451 1 1.8561,

Bl 2 A (SR R AR BN A2 Cy5/Cy3 * /Y Ratio [HARK T 2 SN T 0.5, [ — %M
g5 mAERaEm BB EE Rk AR R, ELR A LAY Bk
s O T R R L T A 89 & . M, FiAFEN 62 &, FiEEN 27 %,
3 i
g1 1 ATLAAE H, NaHCO, Ml f5 , B HIliF S5
1 B 1SR B 3k B % A B A Ak
Fig.1 The overlay map of the 2 fluorescent NaHCO. 6 {F #2800 & 2 095 & 1 A G 3

signals on gene chip 1

PR R B E L R R H (ferredox-
in, CF198876) .t & &% | T4 PS I-E( photosystem
| subunit PSI-E, CF199069) % 11 T tAaEMAEA
I RITR A3 R kB0 B3, K 568 &4
[ W2 PS I-E . Bk 4 fhid 5 & (17 5 5] w2 R &
ik E A AT IS AN 20 £E LA B HoAth 2 HOE B A R A
B RHHAATE N 5 ~ 6 5L . NaHCO, i f#i X
4 B PR FE K A 0, AT BE S OR T ARMI A LA

M2 HEEH2WEIEEMNE
2

The overlay map of the 2 fluorescent

signals on gene chip 2

10000 ‘ FHEE ) XM A A A REM BN, UL ER
oo} 4\@L¢Awmﬁm B S0 AT U, R AR
ol ST 36 B i TR 2 —

A NaHCO, Wil T ¥F 2 1 1 03 R A OC 36 R 9 %
T Awofs ' AN, W05 MaSOD( CF200072) ¥ 1) ] 5 £ 2 A
w0fsie Fik B HSA R 3 504 L, BEWT MoSOD fE 44k it
UE‘-‘?’% L . EATRER T EEMEM. 5 &R E 0 (Metallo-
0 2000 400003 6000 8000 thionein protein, CN605576) , # Fh 2 4 J& it & 11 ( Met-
B3R E allothionein-like protein, CN725505 . CF199722) ¥ %1 [A]
Fig.3 The scatter plot of gene chip 1 TR A F kR BT 4 R BT (R A

CyS: NaHCO, treated group; Cy3: control group wiike e B S i A EEEER OJFRARRE
. MBS, B R, S REE KRR
000 FERT S EEWAIES R, KL P
10000 . i#% . GST(glutathione S-transferase ) i — ff ] B % BE
N L, AT BRI L 1 PR KR GST 36D osgs-
. 6000} . w3 Fl osgstud A LLBEER ABA FHHAES " NaHCO,
4!.)0(;5 ' t e (5 GST FE % [a] J8 () 3E B (CF200180) #35 it 7t
ool B 7 AL b H R Al B 7 R 05 o i e %
f'l() -t&’;();) 4000 60&)0 8000 .10000 12000 14000 }’g‘:ﬁ % ﬂz ﬁﬁ E- yk )E-é gu #ﬁ ﬁ ﬁ g H“j {% t{ 7 ﬁ% pﬁ% %
Cy3 PR R 14T £ 30 s Al A 3 R T UL 1 R

B4 E 2 s E Bt R R AR ER e ke 2 —

Fig.4 The scatter plot of gene chip 2 WEZESES S REAELEERELE NaHCO, B
Cy5:NaHCO; treated group; Cy3: control group H Al JG EEFXE B ke &, ﬁ 28] lﬁ IE'E)H % 1 ( calmodu-
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lin, CF199852 }, MAPK { MAP kinase, CF199158), Trx
& 11 ( Thioredoxin, CV121773) % /7 %] [F) I (1 % H = ik
g, b ERGATF, Ca’ T LU i H 7R M P
EEAL ERAEEERESHED AdEEE
B EEFREEBYERMS . MAPK X2 H
RXERBREEM, &£ BWiA Tk MAPK 8888 {L/
0% KR Ik RL 1Y 3 B0 5E MyB/MyC il bZip ¥ F R F 3%
AENEERAEL T . T A ZHE T NF-
kappa B 1 AP-1 FIEHEFAVHER, MXWAEFR
B F XA PP AL BT AR R R A M R AR
REEEA" B T BAENBA SRR EAE
HiEEER. Z8,NaHCO, BhafFEfE St £ H
R E A &R R A, W B A E S M
EEAMEREMNRSAE. HAIRSESSER
%k BRI MR R

— ek i R AR EE N X ER]TE NaHCO, B8
TrETHIEMNENL, Kb, 5C8E%E 0 (hex-
ose transporter, CF199337) B F| B A X H £iLE T
B, MR Bz EH ( lipid transfer protein,
CN6OSS40) SRS FBEMEREFER S, WK
HNRBIRABEEAS S THHR Ba, HEHEKE
KAl g RENERAS T E-HHAEA.

NaHCO, JHrif ff— 8% HAH X B EH kil & i
E ﬂ % . 9[] l—:j ﬁ % m j& % E ( senescence-associated
family protein, CF199670), JE EX & B ( Annexin,
CN605490 ) , #8141 ] 25 (1 ( Bax inhibitor, CF199409)
FRIIFBAEEREIEND LA, X ERE
W®EYE T ARMDR 5L b8 5L .

NaHCO, #h8 T, 285 £ AR E XA |
FE . INE5REE-1,6- B RL B 45 B (fructose-1, 6-bi-
sphosphate aldolase, CV121774), GAPDH ( Glyceralde-
hyde 3-phosphate dehydrogenase, CF200235 . CF200236)
FRFEEMEELEEHE M. GAPDH EH
AgLmaERRE "  SEAMRER R K
GAPDH REF AR EE AR ENIE 2k
Bt BB e M A R A VLG ¥
( Dunaliella salina )R VE-1,6- _BERREE FH B BE R AE
HEPRATESHAEHAR S EH M AT
J10 B, 1% B Y B A AT RE Y O A I BT £R
BHMERET . NaHCO, BB iF Z B ER X L E
L E M R i E R XAV
BE1.

NaHCO, B8 T B & 0 E & B R A 6 2

H I B /Y R Fe R, (A RKEE P9 DT B8 26 (aspartic
endopeptidase, CF200077) . % 3} # B ( Cyclophilin,
CF198722) , B & iZ E ( polyubiquitin , CN605564 ) %5 ¥
FIMBEMEREXERE LA, RENTNESHEWR
HHANES EX WA TFTEEAE" . EHE
(A mRNA ) ME S E S ST, C A Y
AW AR BV EENER T . R, 58
FIE fR B - 18 T2 A ( Translational elongation factor 1
subunit Bheta, CF199333), B & F £ 15 H T (trans-
lation initiation factor, CN725508 . CF199169) ¥ ¥ [@) #&
MEFZXIERN. ErRF" EABFEHRE
FIAREMEREZEh ABA BHES, A XA
AE 7K B X 100 5% B B R3S R 1 B2 W . Rausell 4
RAMBEEERE T 1A ZHYRENEEREN
T OBARGT MY ERREATHEN T H
i/ B ERAYEARMER™ . UL
LB EEHITE NaHCO, BriE T, Al e BB E AR
oS R RE R .

NaHCO, MHESI A THBREEARER LA E
B, 5 408 A BE K E 11 S11(CF198959) 51 [
EREEN XX THE, WM EBEEEH L9
(CF199672) ,408 B ¥E k& A S9(CF199742) ¢ %1 []
BHEERERI . HASEEEG RN T 5
HREAME .

B0 Tk R, X A A R B IE , B AT
FARMIEFEE, M MIP & H ( Plasma mem-
brane MIP protein, CF226851) 7K iE & H ( aquaporin,
CV121772) 7 %1 R I 69 2 B # NaHCO, Bria F & i
e KEEESOW R KEAMR, BETHE
VLR 221150, Wi al AR Sl B8 8 e S S )
MR KB R A E A TR R
BT AR B A 1Y iR 22—

EREHAUMBE R[N N, 28PN THKS
HAGESE TRPEY, BeRE2BHRENT
it . NaHCO, }8 T, 5 SAMDC(S-adenosylmethio-
nine decarboxylase proenzyme, CF199528) FF % [&] #5 9
HPERABART 8.5 5, SAMDC E W KL & L #
BEMEY HMRE BN WE TR
WA RE ™4 KB TR B 4 B, AT L 85 1A
TR BEEEEEES.

H4h, NaHCO, Bfi8 /5 5 CCR & E (CCR pro-
tein, CF199886), & [ H3(histone H3, CF200036),
¥E M H & O (auxin-repressed protein, CN605520) 5
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FHFREMERKREEHNERE, BRENMATREL
REZES 5T EWAE WA, R, ER T &
5 NaHCO, BHA X hEE R M A& R s R F LA
BEfE B AR, B NaHCO, Bri G Rk BT 1k
MG MR A TH -2 T BEWN
PLELHUE .

B AR MAE N, AL TR
BRI EE N R AE R, NaHCO, 1828 {#5X
WHAMRAIAELEARE T, BdALRKEG T
NaHCO, Hri8 B J5 12400 A9 BE 5 KGR, AT O R Go it
FHALHE URERMEBEERMNEEN R ER

PR
REFERENCES( 8 2 3T it )
[ 1] Zhang DY(HIEIL), Zhang J(FK 8 ). Tan DY(HEBE K ) e al.
Anatomatical observation of young branches of 6 species of Tamari-
cacear from China. Acta Bor Qccident Sin (TG ALY 4R ) . 2003,
23(3):382- 388
"2, Schena M, Shalon D, Davis RW e @f. Quantitative monitoring of
gene expression patterns with complementary DINA microarray. Sei-
ence ,1995,270(20) : 467 - 470
Oona Y, Seki M., Namjo T o af . Monitoring expression profiles of
Arabidopsis gene expression during rehydration process after dehy-
dration using ca 7000 full-length ¢DNA microarray. Plant J. 2003.
34(6):868 - 887
4 Dowd C. Wilson [W, McFadden H. Gene expression profile chang-
es in colton root and hypocoty] tissues in response lo infection with
Fusarium oxysporum . sp. vasinfectum . Mol Plant Micrabe Fater-
act .2004,17(6) : 654 - 667
©57  Rabbani MA, Muaruyama K, Abe H e af. Monitoring expression
profiles of rice genes under cald, drought. and high-salinity stresses
and abscisic acid application using cDNA microarray and RNA gel-
blot analvses. Plant Physiol ,2003.133(4) 11755 - 1767
~6 . Oowr ZN. Talame Y, Desholos M et al. Monitoring large-scale
changes in transcript abundance in drought-and salt-stressed barley .
Plant Mol Biol, 2002 ,48(5 - 6):551 - 573
T 7% Moons A. Osgstul and osgtud, encoding tau class glutathione S-
transferuses, are heavy metal-and hypoxic stress-induced and differ-
entially salt stress-tesponsive in rice roots. FEBS Lert, 2003, 553
(3):427-432
81 GuJT(HRE), Guo XLIFEFEH) . Li CMOET ) eral. The
effects of Ca®* and CaM on growth and peroxidase isoenzvmes of
winter wheat seedling under water stress. dcta Agricultures Boreali-

Siniea (B AL 1) L 2000 ,16(3) .62 - 67

.-
L9

(12

f1s5

16

2200

20

22,

X

© RERZER

Lin ZP(#H B F) et al. Green gene for 215t century. Beijing: Sci-
ence Press{ Bt % i R 4L ), 2000,pp.242 - 252

Shen YY(E LA ), Huang CLOE A, Zhang XH(KER ) o
al. Plant drought tolerance maolecular mechanism. Chinese Journal
of Eco-Agriculture (P E E B R FHR), 2002,1001):30 - 34
Schenk H, Klein M, Erdbrugger W et af . Distinct effects of thiore-
doxin and antioxidants on the activation of transeription factors NF-
kappa B and AP-1. Proc Natl Acad Sci L $ A,1994.91(5) : 1672 -
1676

®u G, Robertson AJ, Liu X er of . A lipid transfer protein gene BG-
14 is differentially regulated by abiotic stress, ABA, anisomycin,
and sphingoesine in bromegrass ( Bromus inermis } . J Plant Physiol ,
2004, 161(4):449 -~ 438

Jiang EZ{ £ 7 #), Liang Z5¢( o 4H0) . Inducement of gene and
changes of gene product under drought stress. Agricwdtural research
in the Arid Areas (T R KR LHHF) . 2001,19(3):87 - 92
Jeong M], Park SC, Kwon HB e af. Isolation and characterization
of the gene encoding glvceraldehyde-3-phosphate dehydrogenase.
Bischem Biophys Res Comman . 2000,278(1):192 — 196

Zhang XN( BT ), Lin CF(AK &), Chen HY(BE A ) o
al. Cloning of a NaCl-induced fructose-1, 6-diphosphate aldolase
¢DNA from Dunaliella salina and its expression in tobacco. Science
in China { series C)CH BB C4), 2002,32(5):392 - 308
Zagdanska B, Wisniewski K. Endoproteinase activities in wheat
leaves upon water deficit. Aeta Biockim Pol , 1996, 43(3) :515 -
519

Romano PG. Herton P, Gray JE. The Arabidopsis cyclophilin gene
family. Plart Physiol 2004 ,134{4) : 1268 - 1282

Li ZY( % £ },Chen SY{BE% T ) . Inducible expression of trans-
lation elongation factor 1A gene in rice seedlings in response to en-
vironmental stresses. dcra Biotanica Sinica , 1999, 41(8):800 -
806

Rausell A, Kanhonou R. Yenush L er af. The translation initiation
factor elF1A is an important determinant in the tolerance to NaCl
stress in veast and plants. Planz J, 2003, 34{3):257 - 267

Khan MA, Goss DE. Phosphorylation states of translational initiation
factors affect mRNA cap binding in wheat. Biochemistry . 2004, 43
(281 :9002 - 9097

Kirch HH. Yera-Fstrella R, Golldack I} et al. Expression of water
channel proteins in Mesembranthemum crystallinum . Plant Physi-
o, 2000, 123(1): 111 - 124

Liang HM ( 2 2 8), Xia Y(E )., Wang TM(E KH).
Progress on cold, drought and salt resistance gene engineering in
plants . Acta Prataculturae Siniea (EOlP 547 ) .2003.12(3):1 -7
Jamtaro S. Maenpaa P. Mulo P e al. Content and biosynthesis of
polvamines in salt and osmotically stressed cells of Synechocystis sp.

PCC 6803. FEMS Microbiol Lert , 2003,228(1):129 - 135

eI 4

http ournals. im

[
I3}
Q
3



