BhpE S 1216

RNA v e LT R4 O T Y 11 S 45 B A oD 1R A

I,
[

43t

JREE - B PESE BN B T TERSAS A L 1 2SN JE 1 o 2 — ZE U B T FE AR

B B KGREITRRICESSIND S NICIRIE Y 2y 7 2 X7 (CSP) # #7528 T, KIE FIZBW TS
NAPHA 72 RNAIRIRIEZ B BRE | IEF 72 FIERCIR G2 (R T 22 LA OIS TnD, v aA XX DK
Tay 2N AtCSP3 X RIBE O CSP LRIFRIC RNA Sy ~2m b LT E | RIRMHE DS MNE TH D, AMFSE
Tl R BRSO 7 70 MESRZ FIWT, AR A 3515 AtCSP3 OSREAfiFII 35284 HIE LT,
FF AtCSP3 DY M QLA TR DR BUS B 2 fRHT LT, AtCSP3 DFEBLE 200 mM DIEAR AL - TR %
CFHESN, 12M%ICE—2 2R T, Fio, EEAR RZEoTh 8 REf# A — 7 L U= RBBIFE MBI SN, £
72. ABA IZX> CHRENFEINT,

RIZ, AtCSP3 DIEFIFEBIE (35S:4tCSP3) % T, 2R L 2L 24, 200 mM NaCl 55l | COAE F=RITE
T, R 3 R EB B AERRICEE R TR TRWAFEREZ R LT, o, AN RZELHMOMERFEICHT T 5,
AtCSP3 SR BLDEN RE I LA, 3 Hift CH BRI RILEDEMSI T, ZIHOR 2D AtCSP3 Ol |5
BUIMHEMEA 59 52 RSz,

F7o BRIFEBURD LTS DWW TRETL 72, 10 B OFEKE 1| FRFG K D EFREF~T2L A, AtCSP3 D
FBLDE DTSR CREGHNC A B2 MM E S STz, F70, AtCSP3 D /777 MESLE A VN THA R Al %
T2 A, 200 mM NaCl BN BT DETFRIT atesp3-2 \IZBWTHEIIE FL QW £72, 5 B O AKE 14
DAETFFHIL, atesp3-2 ZEBARIZHB O THEISHA L TV,

atcsp3-2 28 BARCHRBL KIS CODIBAG T DA AL ONFEEEAR A FIZIT 5 BLFHE A MRAELT-, GSTF7
ZFRNT, AR RERBEARNL AD BE 1BV TS SNAZ ED RS AL, IRIZ, AtCSP3 HEPEBURIZIB W TEE
STVDDINIDUWTHRFL T2, GSTF7 ZFRVNT AtCSP3 BRIFE BRIV THELD EH L TWDLZEMBIEII,
72720 EREPREBLAF M CRILEIZIES DENHY  ArCSP3 HBLELORNAHBIMET R b/ o7z,

1.B 8

RNA <%, RNA RICR S 2cAEiE AR
L 2R A HBURICERE R IIE AR A A4
NIBETHY, RNA OREREFBLAZFEL T\D, D
RNA Ty, KEBHEICBWTRIRS ay 20737
B (CSP) &L Tlal /& &4 72 (Graumann and Marahiel,
1998) . KIGHE IFMEIRIZSHENAEMBINIZ CSP Z8H%
\ZEFET D, CSP 1T, R FICB W TS ILDRA A
72 RNA2UAMEIEZ T bRE | IEE 2R IER IR G A e 3
HZERHLMIZSN TS (Xia et al., 2001), CSP (35

KA BRI T HIENLI TR, Fox

L REREICIB W TH KGR CSP SAHIEZeHREA A7
DA NI EINFIET DI EE BB LT (Nakaminami
et al., 2006), £7=, L RARXF AT DIKIE a7 2737
B AtCSP3 78, KIGH D CSP RIS ARIE M E D&
WA THHZELALNIZLT (Kim et al., 2009) , ZALET,
CSP DOFSREIFREL RN L O BIFR TR L DAV TEIZA,
Fox 1, A1CSP3 2P T 52 nAXF A FITERNT,
Mt B EL T D ATBEMEZ RLH L 72, Zhud, RNA
T nBEREDS EHRIR E R IR W THEETHLHT
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LETRIBTHHERTHY, RNA T2 Ol PN A B
FEREDMEIC B W T EERRE R ThD, £ TR
TlE, RNA >y O AN RBR B2 FIZH1T DIERESE
B LM EE I ~DRHZ BfEL T, v A XF X
7 ArCSP3 W BUA KON, 28 BARZ PV T AR B
IR AT ST,

2.5 &
2.1 ey

LA XX F (Arabidopsis thaliana) 4HE%! Columbia
(Col-0) Zfii FH L 7=, AtCSP3 FEHEHE I 2% By
(WiscDsLox35G12) IX ABRC VY —AtL#—JX0E%H
iz,
2.2 DIRZEM

¥3E 10 HBOFEEEX 7GRy T 7— (50
mM Tris-HCI, pH 7.5, 100 mM NaCl, 2 mM EDTA) %
UNTHEREL ATV RS > RO i LT, 2o RO R
1 Protein assay kit (Bio-Rad) W TEELT, 30 pg
D4H 7B % SDS-PAGE T/4yEfi#% . Hybond-C (GE
Helthcare) (ZHE G L7-, SR GBI IARIR S 2 7 R AL A%
L CTEH L2 R 7 a—F bRz 1k bR, ~u
FFH —BREE TV [gG iz 2Bk L L TG
&4, ECL kit (GE Healthcare) % F\\CILZR L L T
H&1T-72,
2. 3 RT-PCR

2 ug D4 RNA ZE# LT High Capacity RNA-to
-cDNA Kit % IV T cDNA 5 LT, B 1R i)
774 ~—FF (Table 1) Z VT PCR S &EIT 272,
2. 4 TR R URZIEM %0 T

atesp3-2

e 7 H%DEEZ 125 mM & T8 200 mM NaCl 25
B2 MS FEREEM BT, 7 HROELFRZFH
L7z, AR AR DM R KT T EEO AL, 382
7 B HOFEAZE 125 mM NaCl & A E UL, K5z 5
EIZNETTC 7 HEDIROHRREEBILEL T, SRR,
F635 2 W% OREM &Ry MIBREL . £ 0 18505
K HAEE ANy 7 S TR A 5% T2 % | Pk /K%
DHELHEARSC TR L 72,

3.# R
2. 1 AtCSP3 MDFIRfEMT

ZIVETDOMIZET, atesp3-2 ERILTHRBLENMETL
TWSBIE 1 E~ AT VATRNTIZEV R E LT, 2Ok
R RO KRR LIS D AR ZDIHPEICH B 5975
EEZONDBAL T BEDHTIIELEGEN T, 22T
INLOBEEB T OIBNT—Ea X} X) eFP
browser & 817 — 4~ — X (http://bar.utoronto.ca/efp/cgi
-bin/efpWeb.cgi) Z FHWNTHET L 72 & 24, FEERIC, ARIRLIC
Nz, Holge, AN AZSE LU CRBFES OB T
THDHIENS o7 (Table 1), ZOFEHIL, AtCSP3 I
IRIRMPED 7272057 M PR A R A5 L Th itz
53 58B 1 CThdAaletEa R L, 22T, £7
AtCSP3 D e OREIEARN 2T T DR BUSE 2L
7= (Fig. 1), AtCSP3 DFBLE 200 mM DOFAR R (28>
TIRZITFFESI, 12 FFRICE — 2252 Z O
L7=, F7o. HBRARL RZE - T 8 BEf %A — 2L LT
REFHENRERINT, /2. ABA IZE-THRENH
AN~ (Fig. 1), 1> TABA RN THILIE-T, Zh
BOAR A IBOFBIFE G4~ TREMEDS B 2 B

Table 1. PCR Primers used for RT-PCR analysis

Gene name Forward primer Reverse primer
DIN2 (At3g60140)  5-TCATTCCGATTCAACTGACGAT-3' 5'-CGAAATGTGTCTTATGGTATTC-3'
GSTF7 (At1g02920) 5'-CCACCTTGCTTTAAGAACAAAGTC-3' 5-CTTTATTCAATCTTCTGATTAAC-3'
EXL7 (At1g35140) 5-ATGGCTTCTTTTGTGATGGG-3' 5'-TCAAAACAGAGTCGAGCAAG-3'

ASNI1 (At3g47340)
Flot2 (At5g25250)

5'-ATGTGTGGAATACTTGCCGTG-3'
5'-GTCCAAATTAAATCAAAAG-3'

TCH4 (At5g57560)  5'-CAATACAAGAATAGCGACAATGTC-3'
LRR (At2g34930) 5'-ATGGACCTCAAGCTAAGGCCTAG-3'
ACSII (At4g08040) 5-ATGTTGTCAAGCAAAGTTGTTG-3'
At1g19020 5'-ATCACAAATAAACTTCAAAGTAC-3'
DIC2 (At4g24570)  5'-ATGGGAGTCAAAAGTTTCGTTG-3'

5-GTTAGGTGCCTTGTGGAAAT-3'
5-CTTGCTTCGGTTCCGCACCACG-3'
5'-AACAAAAAAGCACATTGTAAC-3'
5'-CTGCAGATTCCTCAACGATCC-3'
5'-TCAACGTTCTGATTCACAAGTAAC-3'
5'-AGATGTAATAATTTAAAAATTAAAG-3'
5-TCAAAAATCTCGAAGCAGCTTC-3'
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77
2. 2 AtCSP3 MBEIRITDIER VEIRRA N Rt
(I CHURE) MPE D55 L [RIERIC AtCSP3 D FSHFR
([ZED AN AT ERF S CTOD RTHEE RS 2 DD,
Z 2T, AtCSP3 D JIFE BIkk (355:4:CSP3) % AT,
HEARV A BEMEA RN A Z R L 72, A R 2B
U722 RNz 3 Ao R BUAZ L7, $3-3,
S3-29 %t Tld AtCSP3 DF B A E<, $3-31 Aiff Tl
AtCSP3 DI HUIED -7 (Fig. 2A) . £7=. ZNHDFRHM
28T D AtCSP3 Z2 /VE DOEREL B 1R B EL T
L LT -7z (Fig. 2B), ZIVHD RARIT DV Tt %
MRLIZEZ A, 200mM NaCl Eiih B CTOAFRIZBD
T3 RMES B AERRI T LA TR TRWWVAEFRE R LT
(Fig. 2C, D), ¥7-, AL A X AROME L E 26

%, AtCSP3 EFEBLO R AT ~T2L A 3 R THEIC
R ESEFISIL T (Fig. 2E, F), ZAIVHDO5HE Fd»
5 AtCSP3 OFRBUIMHENEA 53 HZ LN D725
77

PAZ, TR BLURD FEIIHE N DUV TRFT L7, 10 B
MOKAKEE, BHKBEOEFREFH LA,
AtCSP3 DOFRIBANE DT S3-3, $3-29 DA Tt
(A E AT ED ESS U TV = (Fig. 3) . $3-31 R TIE
AT LT 20 O OFGE R B LTS e
-7 (Fig. 3),
2. 3 atesp3-2 D/ VI T INERKDIERUVEIRAN

ATt

AtCSP3 D /777 MEFKR atesp3-2 (Kim et al. 2009)

Z O THA R A PEZ-FH <72, 200 mM NaCl 5512

35S-CSP3
A B 355-CSP3
WT 3 20 31 S
AICSP3 —-—
o —— —— ==
C wr $3-3 D
W=
& C otwsy & 100
- A ¢
R L o z 80y
HTd w| T
A = E 60y
w
?:‘Itmri Vi n T E 40 |
““c Y IR 4
A NaCl (200 mM) o | g 20 |
0 4 8 12 24 48h -y .
AtCSP3 vy 287 | &y w Loo® W20
Actin $3-29 $3-31 9’9" %
E F
B Drought 100
WT S§33 S328 S331 g
0 4 8 12 2448h S
ACSP3 5
Actin =
8
C ABA {100 uM) g
0 4 8 12 24 48h =
acses [ =

Fig. 1

Fig. 2
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Fig. 4

BUBEFRIT atesp3-2 IZBWTHEIIETFLTWAZ
EMMBHBNEZ2 7= (Fig. 4A, B), £7= 5 HE OB I
BOEGFRIZOWTIRANTZEZA, atesp3-2 BRRIZE
WCH E IR LTV = (Fig. 4C, D),
2. 4 AtCSP3 M:BAEIFIBICIERAML AT EELFDFK
WEF*LRSED

oz DFERIT, AtCSP3 3 1A XF X F D BEEE AR

APV IRLS B 5952 % RIB L TV D, Table 2 [Z7RL

72 atesp3-2 R BRARTHRBDIHI SN TODIBIE 11,
AtCSP3 S EHED DV NI E R 75 BlA EICFREN
LCWWAEBZLND, Z2 T, ZNHDOX—47  Meffi i
BT DA AT OREEA RN A NI 2R Bk A
FEFEZ RT-PCR IEIZEVIRFEL 7=, GSTF7 ZFR\\ T, A
RN ALREAN AD W E T BV THES DI ED R
SNz (Fig. 5A, B) . RICZNSD AT D FEIH N
AtCSP3 BRI BURIZEB N TEES TODDNNIDNT
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Table 2. Genes that are down-regulated in afcsp3-2 mutant and their responses to abiotic stresses

AGI code Gene description Average folds
CSP3/csp3  Salt Drought  Cold
At2g17870  cold-shock DNA-binding family protein (CSP3) 12.2 1.5 1.5 21
At5g39580  peroxidase 62 5.47 16.91 2.83 8.81
At3g60140  beta-glucosidase 30 (BGLU30)/dark inducible 2 (DIN2)/senescence-related gene 2 5.32 9.64 4.27 2.64
(SRG2)
At1g08090 nitrate transporter 2:1 (ATNRT2:1/ACH1) 5.1 2.33 247 3.85
At1g02920  gutathione S-transferase 11 (GST11/GSTF7) 5.02 4.94 10.15 8.83
At1g30730 FAD-binding and BBE domain-containing protein 4.63 2.28 3.1 9.14
At5g57220  cytochrome P450 (CYP81F2) 4.55 6.37 14.48 22.47
At1g02930  glutathione S-transferase (GST1/GSTF3/GSTF6)/early responsive to dehydration 11 4.42 4.94 10.15 8.83
(ERD11)
At5g40590 cysteine/histidine-rich C1 domain family protein 3.7 4.23 3.37 3.45
At1g35140 phosphate-responsive 1-like protein (PHI-1)/exordium like 7 (EXL7) 3.66 9.24 3.86 7.64
At3g47340  glutamine-dependent asaparagine synthetase 1 (ASN1) 3.62 17.85 9.38 23.27
At4g21680 nitrate transporter 1.8 (NRT1.8) 3.58 9.65 2.54 2.48
At5g64120 peroxidase 71 (Atperox P71) 3.42 3.16 5.9 1.96
At1g30720 FAD-binding and BBE domain-containing protein 3.19 2.62 3.1 9.14
At5g25250  flotillin-like protein 2 3.15 22.67 3245 39.22
At5g57560  xyloglucan endotransglucosylase/hydrolase protein 22 (XTH22/TCH4) 3.04 22.44 4.38 18.38
At2g18690  unknown protein 2.81 5.04 3.1 8.57
At3g45970  expansin-like A1 (EXLA1/EXPL1) 2.72 10.52 245 89.67
At2g34930 disease resistance-like protein/LRR domain-containing protein 2.66 22.7 23.45 32.55
At4g31800  WRKY transcriptional factor 18 (WRKY18) 2.64 15.1 10.62 46.44
At4g08040 1-aminocyclopropane-1-carboxylate synthase 11 (ACS11) 2.6 50.87 15.52 36.37
At1g19020  unknown protein 2.57 6.54 10.3 18.99
At1924140 matrix metalloprotease domain-containing protein 25 13.3 5.23 5.76
At5g43520  cysteine/histidine-rich C1 domain family protein 2.46 2.15 3.54 5.44
At4g25810 xyloglucan endotransglucosylase/hydrolase 23 (XTH23)/xyloglucan 2.46 19.91 2.35 3.91
endotransglycosylase 6 (XTR6)
At4g24570  dicarboxylate carrier 2 (DIC2) 242 51.96 10.39 73.1
At1g72900 toll-interleukin-resistance (TIR) domain-containing protein 2.34 5.11 2.94 6.59
At5g18470 curculin-like (mannose-binding) lectin family protein 2.32 5.54 7.61 2.85
At1g30700 FAD-binding and BBE domain-containing protein 2.31 9.71 5.84 3.07
A B C
NaCl {200 mM) Drought 358-CSP3
0 12 24 h 0 6 12 h WT 3 29 3
GacE I B - —
Peoxivase [ T BT
GSTFG =1 s e [ - S S s
LI B e —
ostF7 —— - ——
NPT N - — N —— - — — —
A ——— N B —
Actin ——— N — N ———
Fig. 5
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ALz, Fig. 5C TR 1512, GSTFT &K\ T ACSP3
BRI SR 50 ORI LD AV
N, 772 L BRIR SR CRBLRIT D S E A5,
AtCSP3 3¢ Bl B O MIHHBIMEIL Ao en T,

4. Z ;®

T DAKIR S 2y IR A H 2R X RNA 431
AEMEAEFFD  RNA D202 I EIIEPEIZ LD,
TR PR SN B 532 B 2 DTV d, AHFFET
IF AtCSP3 MEIR D 7259 | FEARL ARLHZ AR AT
Ko THFHFEINDLIEZHALNIILTZ, Zhid, 2% D
IKIRS gy 727328 WCSP1 MERARAICHESH
HEVHFER (Karlson et al., 2002) L5 TH DN, AKX
>R OFERE MR E S I Z BRE SN 72N & A TR <R
LTS, ZAIVE T, (RIS IZ B L CTRE# O CSD 4
RIBFEHED CSD #2737'8 (CSP) EDOFSRELRAFIEIC
SN TZ Bz (Nakaminami et al., 2006) il D
CSP THEARN A B 5528 OITHAE 720D, i
CSP IZIXREBAR AERIBAN ALISA D AN R 2L
STHESNLLOLH DT, T OMREIRIEICIRES
N WEIEEF 25 ThHA A, BLBREWHE LT,
Castigilioni HITFEEFH D CspB ZAEY) G s B H
Ll Y oOEBRmER M LT A2 mELTND
(Castigilioni et al.), MAIZOFEFRIZEIL Tl MR FF
D RNA T N AGHEEIEANTHE T, AR A
BRI TICEB1TH RNA RN IER ITIRTZ4L, ZD7=ifif
PENERINTZT2D THAIEEZ LN TV, Ll FE
BRI I RNA & S AEPEZFED AtCSP3 O
J57% CSD Zo NTEPFAEL TSIz, ZOFERIZD
UWNCIX CspB 2ME#) T CHER) CSD #2737 OFEREZ Al
I TENLEZHILELTEDLHTHA), 4Rl AtCSP3
FEREDSTRHE MECHE R E L Z B 59~ 2 2 & BN e o
TeZ &b, ZOMREER R SEH DUWITIRILL T FEEME
WEZHID,

AtCSP3 73 E DI TR T BRI 32D
LTI A% OETHLHM, W ODDORFHETRET
HZEITATRETH D, 101X mRNA 73 ks AR BLVEH
THZEIZEY mRNA DR EMEL~LOFHICE 5 LT
WHET DG, 2001F, AT T T R A AR
N mRNA 7'rt s U 7 HEIZ B 5L BB mRNA &

DOFENBL LW, £, MR W TR SR 1
EDOTRREEN B FTREMES B 2 HiLD,

AtCSP3 D FItlZB W THREZE) T 55 173 <D
PHLMCENTZ, AtCSP3 DBEI R THEIND
WRKY18 } (% At1g19020 I Zatl0 OEFEIFR IR TH
HXITUWS (Rossel et al., 2007), AtCSP3 DE sl
Zatl0 ZI L7 b FiL2wn, BkEH 5 mEL T,
WRKY 18 (Xu et al., 2006) . GSTF6 (Wagner et al., 2002)
GSTF7 (Sappl et al., 2009; Sappl et al., 2004) % TF NRT2.1
(Camanes et al., 2012) | HREISEBIE L TRESN
THEVZORBUITTIF BB EEL WA EEZ LN
TWD, AtCSP3 SH FHHRHUMEIZBIL T4 BN EAEHT L e
Mo AR ORET R EL THBRZEN,

5. §&NDRE

L RIOBFFE T ARIR S a7 KA 2 378 AtCSP3
NZNETITHL SN T MO _EICE 5
BEREIZINZ T, AR AR AR T % 3 Al PED
(5T DR E RO LG5 T, F2, ARLA
itk &4 B 3 2385 T DR BT E O 20 | Bis
T OB Z N LI R THLZENRIBS NI, 5%
DREAELTE2ODFMERZ 2N, 120,
AtCSP DXL R EREREE B TR BB ZFE T 5
Oy FIEAEOMRIATH 5, AtCSP3 DFEREIT RNA v
Y THY, mRNA OF ks 7RI TEIK AT
REPEDR® D, ©I1DIE M E~D AR AMPES 5122l
TORBEFHRTHEMTOBRFE TH 5, AICSP3 L[FRILK
B ay I RAL B S IARITIL 2 FEEH, 2 A% 2%
3 FlEH, X ARIIL 4 FERWESH 0D, ERbDH
DD FEFRIZAN A PEE AT 55 585 FA2REL ., £ D
WRIFEIRAITHZEITEY . L F AR At E O /EH
WA[BEIZ72 DD TiI it b,

XikF
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Summary

Plants and microbes have common adaptation mechanisms to abiotic stresses such as cold, salt, and drought.
In response to cold, E. coli produces cold shock proteins (CSPs) that have essential roles in cold adaptation by
function as RNA chaperones. Arabidopsis COLD SHOCK DOMAIN PROTEIN 3 (AtCSP3) shares a domain
with bacterial CSPs and is involved in acquisition of freezing tolerance. Here, we characterize AtCSP3 function
in salt and drought stress tolerance. Expression analysis revealed that AtCSP3 is induced by salt, and drought
stresses and ABA treatments. Transgenic plants overexpressing AtCSP3 showed improved tolerance against salt
and drought stresses. A knockout mutant of AtCSP3, atcsp3-2, was sensitive to salt and drought stresses. Down
regulated-genes in the afcsp3-2 mutant identified by a microarray analysis showed elevated expression in
AtCSP3-overexpressing lines. These AtCSP3-regulated genes were inducible upon salt and drought stresses,
suggesting their functions in the stress tolerance. Together, our data reveled that AtCSP3 is an important
determinant for adaptation to salt and drought stress tolerance as well as cold stress. We propose that AtCSP3

functions as a RNA chaperone to regulate RNA processing and alter gene expression of stress-related proteins.
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