RNA

Vigour analysis of accelerated aging seeds.
Cloning and characterization of a RNA helicase from the

viable seedlings of aged mung bean.
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1.1 (Senescence and aging in plants)

(senescence)

Senescence
programmed cell death ; »

"aging” aging  senescence Aging

Aging

Aging

aging senescence  aging
2
Daviesand Sigee, 1984 3
Q) progranmed cell death, PCD  (2) necross  (3)
chronic degeneration  Senescence PCD
Necrosis
Chronic degeneration

aging Aging  Necrosis

environmental stress

senescence 2



1.2 (Thelife of seeds)

5-30
4.7)
Beal (1905) 5 1879 21
Oenothera biennis  Rumex crispus Verbascum blatteria
70 Bea 1879 23
) ( ) 1980
2030 20
30 50 11
80 100
Robert (1960) 50% (half-viability, Psp)

Roberts (1972) ¢
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1.3 (Seed aging)
aging quality
DNA g RNA 9
10,11 polyA (+) RNA 12,13,14
leskage 15 16



17
aging viability  vigour
18, 19

20 viability

stress

Tablel 21
Table 1: Field, storage and transport performance of seed lots which germination data

indicate are of amilar quality

Fidd-Pisum sativum L.

Seed lots
1 2 3 4
Germination (%) 93 92 95 97
Field emergence (%) 84 71 68 82
Storage-Trifolium pratense .2
Seed lots
1 2 3 4
Germination before storage (%) 90 90 90 90
Germination after 12 month’ s
71 90 66 89

storage (%)




Transport-Bromus willdenowii Kunth®.

Seed lots
1 2 3 4
Germination before transport (%) 9 96 93 90
Germination  after  transport
87 19 74 53
oversess (%)
Ladapted from data of Castillo et a. (1993)
Zadapted from data of Wang and Hampton (1991)
3Hampton, unpublished.
seed vigour testing
22, 23, 97
aging axis
19
90% deterioration 24
25 44~98%
garden pea
24
26 seed vigour testing



14 (Definition and concept of seed vigour)

Seed vigour

testing association seed vigour

15 vigour

19,21

30

21

21 19

High vigour
high vigour

vigour

vigour  Tablel »;

24,27,28

low vigour

ISTA International seed

RNA

19,

vigour

vigour

high vigour

low vigour



15 (Measuring seed vigour)

vigour
storage potentia 16
vigour
vigour test
21 vigour
Vigour 24
1
2.
3.
vigour
aging accelerated aging, AA
controlled deterioration, CD 21 vigour
ISTA vigour
Hamptonh  Coolbear vigour
aging vigour
31
conductivity test g3 98  tetrazolium TZtest 21 06
ATP & glutamic acid
decarboxylase activity GADA 32
vigour
vigour
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Pisum sativum L. expected

field emergence, E. F. E. Triticum aestivum L.
Zea maysL. vigour
24
ISTA vigour vigour
vigour
vigour
1.6

(seed aging) Bewley Black

6,33
34
DNA
35
1.7
ATP RNA
RNA 36 DNA



@ a -amylase
B -amylase phosphatase catalase peroxidase

35

rRNA
synthetases transfer enzyme | [l

MRNA

(semi-permeability)

(peroxidation)

38

ATP

(dehydrogenase) 21

dehydrogenase

DNA

MRNA

40, 41
17, 82

17

ATP

protease

ATP

aminoacyl-tRNA

1% 2, 3, 5-triphenyltetrazolium chloride (TTC)
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TTC formazan (42, 43)
TTC formazan
rRNA
rRNA 18S rRNA  25S rRNA
L6 98% rRNA
rRNA rRNA
RNase
rRNA rRNA
RNase
103 RNase 39
MRNA
MRNA MRNA
MRNA
MRNA
0% 90% poly Arrich mRNA
39 0% poly A-rich mRNA
69% 39 0% poly A-richmRNA

poly A-rich mRNA
0%
MRNA
RNA ( mMRNA)
31S rRNA (rRNA ) 255
0% RNA

RNA

37 rRNA
RNase

RNase

MRNA

90%

poly A

(36)
18S rRNA
4-5S

DNA



DNA

DNA
DNA DNA
DNA 37 DNA
DNA DNA
endodeoxyribonuclease DNase 95%
44
95% DNase ( )
45 DNA
DNase
DNase DNase
DNase DNA
DNA
(production cycle)
” viable 7 7 death ”



1.8 RNA A

&
& RNA & DNA &
& (superfamilies, SF1~3) (families, F4,
F5) 46 DEAD box protein SF2 SF1  SR2 7 motif
RNA ATP ATP RNA SF3
DNA RNA 3 (conserved motifs) F4  DnaB-like
5 F5 DNA-RNA 2 Rho
(transcription termination factor) SF1  SF2 7
3 3
-5 553 SF1  SF2 3 -5 F4 F5 S
L3
DNA (replication) (repair) RNA (splicing)
(transcription) (trandation) DNA RNA
Hi DNA RNA
& 1976 Abdel-Monem (47)
NTP
(500~1000 bp/sec) motor

protein (g & (oligomer)

49
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1.9 RNA Bk

& (Saccharomyces cerevisiae) RNA
Bt rRNA pre-mRNA tRNA
RNA Figurel so
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& ATPase RNA DNA At DNA
& DNA RNA &
RNA RNA B
RNA = RNA &
@ (b) (c) PreemRNA (d) RNA
(e) RNA () (9) RNA 52 transation
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RNA i3 Figue 2 5



(a) Ribosome biogenests (b)

355 Transcription
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Figure 2
The involverment of RMA helicases (shown in yellow) in the processes outlined in Fig. 1. (a) Ribosome biogenesis. (b) Trenscription. (e} Pre-
mRNA splicing. (d) RNA maturation. (e) RNA export. (f) Translation. (g) RNA degradation. Important non-helicase components are indicated
in green or blue. MRP, RNase MRP; snoRNP, small nucleolar ribonucleoprotein; U1-UB, small nuclear RNAs.

RNA & (Figure 1) @

(b)
(f) (9) RNA

(c) PreemRNA (d) RNA (e) RNA



1.10 RNA Bk

3 Bacillus stearothermophilus DNA
& PCrA 5354 Escherichiacoli DNA # Reps; C RNA
ﬁ NS3 35, 56, 57, 58 SF1 NS3 SF2 3

HCV NS3 & SF2
3 domains (1~3) domainl 2

(structural  homology)

b-sheset a-helices 1992 E.coli
DNA RecA 59 RecA-likedomain Domain 3
a-hdice

PcrA (DNA &) HCVNS3 & (RNA &)

RNA 2 DNA & RNA
& HCV NS3
& domains Y Domain 1 NTPase | NTPase Il
Domain 2 motif VI RNA Domain 3 Domain
1 Domain Il motif 11 motif motif I
Domans| 1l (50)
elF4A (DEAD- box-protein family) ATP RNA
elF4A Domanl |l cleft ATP ADP
cleft elF4a
RNA RNA

NS3 & motif

50
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REVIENS e
(a) li ATPase —l Helfase AMNA iraleraction

DEAD-box proteins
45-274 !

P = 23—459
iHriGRAggAx»G

DEAH-box proteins
103-626 : . - — o 334-458

Skizp tamily
19-520 ¥k = an 236-1256

Upt1p family (SFI)
228-1356

41-411

[ ax |
| a6 e

{b) Motif 1110 ; (c) (d)
Motif IO Tar  Motif VI
APTGSGKS MTGFTG

Domain 1 Domain 2

Maotif |
PSVAAT

{e) HCW-MS3

elF4A

Figure 3

{a) The modular structure of the RMA-helicase core region, showing conserved motifs 1, la, Il, 1ll, IV, ¥ and Vi (shown as coloured boxes) and
proposed biochemical functions (established for the translation initiation factor elF4A). Identical residues are indicated by capital letters;
highty conserved residues (=50% occurrence) are indicated by lower case letters. The variable lengths of the N and C-terminal extensions
are indicated. The grey boxes represent a motif that is conserved in the DEAD-box proteins; the function of the motif is not known. {(b-d) The
HCY NS3 RNA helicase domain structure (PDE accession number 1HEI®. Front (b.c) end side (d) views are shown. Domains are coloured as
follows: blueg, domain 1 (residues 6-120); orange, hinge region (residues 121-150); green, domain 2 (residues 151-290); magenta, domain
3 (residues 201-328); grey, domain 3 (residues 320-448). According to Kim et al., the ATPbinding site is constituted by residues from mo-
tifs 1, Il and V1, and ATP is bound in the cleft between the first two domains and the third. (e) Schematic alignment of HCV-NS3 RNA helicase
and yeast elF4A, coloured as in {c.d).

(J. delaCruz., 1999, TIBS)
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DEAD/DEXxH-box RNA

1996 (Bacillus stearothermophilus) DNA 3
PcrA 1997 (Escherichia coli) DNA & Rep
1998 RNA HCV NS3 i i
& ” " (Active duplex unwinding)”

" (Passive duplex unwinding)” Active duplex unwinding

" Rolling model mechanism” ¢ " Snow-plough or inchworm mechanism’ (sg)

active rolling model & ( )
(subunit)
NTP DNA
8 ATP
@™ (&)
(0*PP) ATP ("™
DNA
snow-plough model &
RNA Hi ATP
passive unwinding model i ATP
RNA
Active duplexunwinding  Passive duplex unwinding 51
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1.12 RNA Bk

RNA & tobacco
60, 61, 62, 63 Arabidopsis thaliana 64, 65, 66, 67, 68 69, 70
" putative computer predicted helicases”
ATP-dependent helicase activity, human p68 71  rabbit
reticulocyteelF-4A ;> PPVCI 73 aDEAH box RNA helicase from HeLacel 74
vacciniavirus RNA helicase 75  Drosophila vasa protein 76 E.coli CsdA 77 and
DbpA 73  Xenopusxp54 79  An3 gp, 81
RNA & Arabidopsis thaliana

AtDRH1 46 69, 70 Biological function



2.1
2.2
2.3 mMRNA
2.4 VrRH1

2.5 VrRH1
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2.1

92 94 98
s 13
ol 4~5 & %
ﬁ ﬁ 84
6
96~98%
(vigour)
80
( 2-dimension gel electrophoresis) o, 10, 14
95
(high vigour seeds) (low vigour
seeds) (40~50 ) (80~100%
RH, relative humidity) 21 1994 (25
) (50 )
2.2
viability
index vigour index



vigour
chloride test (TTC )
TTC
2.3 mMRNA
10~15%
RNA

(cDNA subtractive hybridization method)
differential display method, DDRT-PCR) gs
Liang Pardee DDRT-PCR g5
cDNA

(86)

cDNA

cDNA

Vigour index

tetrazolium
i
(Evan’ sBlue)
mRNA
cDNA
MRNA (MRNA

Sokolov 1994 86

6 e RT-PCR
PCR
Northern
mMRNA



MRNA 9 9-d-aged

seeds 9 9-d-aged-12 h seedling
Control seeds Control seedling
MRNA DNA
Control 9-d-aged Control 9-d-aged-12h
Seeds Seeds seedling seedling
I I I I
v 12 hr !

— | 00 | — L

—

e I e I
_ ......................... _ ........................
......................... v v
v VrRH1 4]
rRNA
12 rRNA

1.2 kb RNA hdicase

WRH1 Vignaradiata RNA hdicase 1

2.4 VrRH1

5/3 RACE
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VIrRH1 1998

Okanami RNA helicase-AtDRH1
PET-28(+) (BL21/ DE3) 66
VrRH1
" His-VrRH1"
WRH1 GCG DEAD box protein
RNA helicase SF2 (SF2, superfamily 2 ) RNA helicase
E. coli VIRH1
helicase RNA (ds RNA)  &[P¥?]ATP
VIRH1 helicase ATPase VrRH1
2.5 VrRH1
VIRH1 His-VrH1
VrRH1
vigour



3.1

3.2

3.3

3.4 mRNA

3.5 T-vector

3.6 VIRH1 cDNA
3.7VrRH1

3.8 His-VrRH1
3.9

3.10 His-VrRH1
3.11
3.12VrRH1
3.13VrRH1

3.14 VrRH



3.1

-20 1992 1994
VC 3890 Sel #5
50
50

79%RH  100% RH 21

3.2
103+ 2
100
(M2-M3) x
(M2-My)
M1
Mo
M3

1998 Vigna radiata

25

20% RH relative humidity  45% RH

87

92

17 +1

70%

0.2%
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3.3

331

50

0.5cm

332
3321

50

3.3.2.2 Tetrazolium test

Tetrazolium TZ

1% (wiv) 21, 92, 96

6~8

3.3.2.3 Evan' sBluetest
Evar s Blue test

88 50

10

3324

28

12

2,3,5-tripheny! tetrazolium

tetrazolium

50

10

25

0.5cm

pH 7.0

37

30

0.25% (w/v) Evan’ s Blue

30

6~8



250 ml
3325
1ml
89
3.4 mRNA
Borisoo) Liangesy MRNA
MRNA
of polymorphic DNA 1-3 20~25
PCR
T DNA
3 /5 RACE
341 RNA
RNA hot phenol o2
1. 4g 20ml 65

50

20 24

(10 ml)

(Hitachi Ltd., Model 063)

DNA RAPD random amplified

% %

(100 mM Tris-HCI, pH 7.5/ 100 mM

LiCl / 100 mM EDTA, pH 8.0/ 1% SDS/ 100 mM b-mercaptoethanol)

phenol 30

2. 65 5 12 chloroform
isoamyl acohol =24 1 1 15000 rpm 20

3. phenol / chloroform / isopamyl alcohol =25 24 1 1



15000 rpm 10

4, chloroform isoamyl alcohol =24 1 1 15000 rpm
5 phenol
5. 4 M LiCl -70 1~2hr RNA
6. 15000 rpm 30 RNA
1. 10m 2M LiCl RNA 15000 rpm 10
8. 5m 0.1% lauro-sarcrosyl RNA RNA
9. ependoff Im  100%EtOH 401l 3M CH3zCOONa, pH
4.3 RNA ependoff -70
10. 4 , 14000 rpm 15 RNA
11. 80% RNA 4 14000 rpm 15
12. pdlet 20011  0.1% lauro-sarcrosyl -70 RNA
13. Azso ! Azgo 1.8~2.0 RNA
1~2  phenol /chloroform (24:1) RNA
A260 RNA 401 g/ml
34.2 RNA
RNA (MRNA) poly (A) " tail Oligo-dT cellulose RNA
1. 1 g Oligo (dT) cellulose TES (10 mM TrissHCI, pH 7.5/ 1 mM EDTA ,
pH 8.0) 15 mi 15 ml LTES (10 mM Tris-HCI, pH 7.5/ 1 mM EDTA,
pH 8.0)
2. RNA 5mg 65 10 12 M LiCl LiCl



05M

3. RNA poly (A) * RNA
Oligo (dT) Cdlulose
4. 15ml LTES poly (A) RNA
5. TES MRNA 04 ml 1ml
3 M CH3COONa, pH 43 40 il -70 30
MRNA
6. 14000 rpm 4 30 70% 14000 rpm
10
7. (5 mM Tris-HCl, pH 7.5)
Azeo/ Azgo 2.0 RNA
8. mRNA  -70
3.4.3cDNA
1. MRNA
2. cDNA
Component Sample No RT Control Control RNA
1to5pugtota RNA n n -
Control RNA - - 1
Random hexamer 2 2 2
DEPC-treated water 10-n 10-n 9
Totd 12 12 12
3. 70
4,

Component Each Reaction (i 1) 4X Reaction (i 1)

~31~



10X PCR buffer 2 8

25 mM MgCl, 2 8

10 mM dNTP mix 1 4

0.1MDTT 2 8

Totd 7 28

5. 71l cDNA

6. 25 5 PCR 111 (200 units) SuperScript 1| RT

& 25

7. 42 50

8. 70 15

9. 1il RNaseH RNA 37 20

10. -20 MRNA cDNA pool

344 mRNA

1 C 1994-T5 12 T

9 12 cDNA pool
PCR Primer
No Name Oligonucleotide sequence(s) 5 - 3 Totd Base

1 | Hesat-Soy-F AGGCTTCCATGGAAAATGGG 20
2 | Hesat-Soy-R CGTGGCATCGCGTGGAGCGAAGC 23
3 | SenAraF GGCAGCTGCGGTTCAAAC 18
4 Sen-Ara-R CATCGGACATCCGACTAGAG 20
5 Pro-Bra-F GTCAAGCCGCTGTGGGACAG 20
6 Pro-BraR TTTAACATTCATATCCATT 19
7 Pro-Soy-F TCTGCTACAAACCCTGCAAG 20
8 | Pro-Soy-R GCTGTGATCTCTGCATGTGC 20

~32~




No 1~2 No 3~4
No 5~6 & No 7~8
&
2. OPERON (10 mers) MRNA
No Name Oligonucleotide sequence(s) 5 - 3 Totd Base
1 OPA-01 CAGGCCCTTC 10
2 OPA-02 TGCCGAGCTG 10
3 OPA-03 AGTCAGCCAC 10
4 OPA-04 AATCGGGCTG 10
5 OPA-05 AGGGTGCTTG 10
6 OPA-06 GCTCCCTGAC 10
7 OPA-07 GAAACGGGTG 10
8 OPA-08 GTGACGTACG 10
3. mMRNA PCR
Component Control BExp
10 X PCR buffer 5 5
25 mM MgCh 3 3
25mM dNTP mix 5 5
Glyceral 5 5
Primer (Sngle) 1 1
Tagq DNA polymerase 1 1
C-12-h cDNA 5 -
9-d-12-h cDNA - 5
Autoclaved, didtilled water 26 26
Totd 50 50




94 3 40 4 72 1
94 45 40 1 72 1 45 cycle
72 10

6. PCR 1%

3.4.5DNA

1 PCR

2. DNA

3. 3 buffer QG QIAquick Gel Extraction Kit,

QIAGEN 50 10
4, OlAquick spin column 13000 rpm 1
5. 75 Ul buffer PE 13000 rpm 1

6. 50 il buffer EB 10 mM Tris-HCI, pH 8.5

1 13000 rpm 1 DNA
3.5 T-vector
1. pGEM-T easy vector
2. 1il vector 31l DNA 1illigase 51l 10X ligation
buffer 10
3. 5il 1001 | DH5a competent cell
4 15
4 60 20 3
5. 1ml LB 37 15




6. LB/ Amp/ X-ga 37

7. colony PCR colony PCR PCR
Component Voume(il)
10 X PCR buffer 2.5
25 mM MgCl 2.5
25 mM dNTP mix 2.5
T-vector forward primer 05
T-vector reverse primer 05
Tag DNA polymerase 0.5
Colony -
Autoclaved, digtilled water 16
Tota 25
PCR
7 3
9 1 55 1 72 1 35 cycle
72 10
8. PCR
9. DNA GCG
3.6 VIRH1 cDNA
MRNA 1.2 kb 1.2kb
3 /5 RACE 1.2 kb

Capfinder™ PCR cDNA synthesis kit




3.6.1 cDNA

1 3 il mMRNA (1 ig poly A" mRNA) 1 il CapSwitch I
oligonuclectide 1il CDS/3 primer

2. 72 2 4 2

3. 2 1l 5X first-strand buffer 1 il DTT (20
mM) 1ildNTP(10mM) 11l MMLV (200 units/il)

4, 42 1

5. Firg-strand cDNA -20

36.2LD PCR cDNA

1. PCR 95
2. PCR PCR
Component Voume(il)
Firg-strand cDNA 2
Deonized H,O 80
10X KlenTagnPCR buffer 10
DNTP mix 2
T-vector reverse primer 2
5 PCR primer 2
CDS/3 PCR primer 2
50X Advantage KlenTag Polymerase Mix 2
Totd 100
PCR
95 1
95 15 68 5 30 cycle
72 10
3. 5il PCR 11% ds cDNA
0.5~6 kb MRNAS cDNA




4, cDNA cDNA pool cDNA pooal VIRH1 5

VIRH1 3 PCR (template) cDNA -20
36.3VrRH1Y
1il cDNA PCR VIRH1 5 PCR
Component Voume(il)
10 X PCR buffer 5
25 mM MgCh 5
25 mM dNTP mix 5
5 PCR primer 1
VrRH1 reverse primer 1
Tag DNA polymerase 1
cDNA template from CapFinder 1
Autoclaved, distilled water 31
Totd 50
PCR

94 3

9 1 55 1 72 1 35 cycle

72 10
36.3VrRH13

11l cDNA PCR VIRH1 3 PCR

Component Voume(il)
10 X PCR buffer 5

25 mM MgCh 5

~37~



2.5 mM dNTP mix 5
VrRH1 forward primer 1
3 CDS primer 1
Tag DNA polymerase 1
cDNA template from CapFinder 1
Autoclaved, digtilled water 31
Totd 50
PCR
94 3
9 1 65 1 72 1 35 cycle
72 10
3.6.4VrRH1
1il cDNA PCR VIRH15
VIRH1I 3 PCR
Component Volume (i)
10 X PCR buffer 5
25 mM MgCh 5
25mM dNTP mix 5
VrRH1 forward specific primer 1
WrRH1 reverse specific primer 1
Taq DNA polymerase 1
cDNA template from 1
Autoclaved, digtilled water 31
Totd 50
PCR
94 3
9 1 55 1 72 2 35 cycle
72 10
PCR VIRH1 T-vector




T-vector pVRH1

3.7VrRH1
EcoRI  Not | pVRH1 PCR T-vector
Eco RI  Not |  insert insert

Eco Rl Not | Az PET28b(+)

& inset  pET28b(+) pSCEE3
&  colony PCR

pSCEE3 BL21 His-VrRH1
His-VrRH1 His
His-VrRH1 ( 1L) binding buffer (5 mM

imidazole / 500 mM NaCl / 20 mM Tris-HCI, pH7.5/ 1 mM PMSF)

1. 5ml 15 mi
25 ml 50 mM NiSO4 15ml  binding
buffer (5mM imidazole / 500 mM NaCl / 20 mM Tris-HCI, pH7.5)
2. 30 mi 0.5ml
3. 30 ml binding buffer 15 ml washing buffer (30 mM imidazole
/200 mM NaCl / 20 mM Tris-HCl, pH7.5)

15 ml eution buffer (300 mM imidazole / 200 mM NaCl/ 20 mM

Tris-HCI, pH 7.5) His-VrRH1

4, uv

3.8 His-VrRH1
His-VrRH1 RNA His-VrRH1
helicase 93 ATPase Jae-Y oung



ROK1p ATP 94
381 RNA
1 In vitro transcription
Cold (i 1) Hot (i 1)
5X buffer 4 4
100 mM DTT 2 2
RNasin 0.5 0.5
pGEM3 1
pGEM4 1
AGU 4
AGUC (2.5 mM) 4
DEPC-H20 7.5 0.1
CTP (100uM) 24
Totd 19 14
2. 511 *CTP  hot tube
111 SP6 polymerase 2011
3. 37 15 In vitro transcription
4, 1il DNasel 37 15
5. phenol / chloroform / isoamyl alcohol 25: 24: 1
12000 rpm 5
6. Chroma-spin 10 DEAE column 2000 rpm 3 DEPC-H,0O
4 2000
rpm 3
7. liquid scintillation andyzer hot RNA label
a 1il*CTP  ddHO 100 1il Watman GF/C
filter paper
b. 3ml  cock tail (Nakala)
C. PACKARD 2200CA 3 -counter protocol card F2




RNA 1

x10°  (n)fmal /il

Hot vaue 1 154
d. RNA X X
Control vdlue 30000 1
8. Cold RNA
a A260
b. RNA Ao x 40 x + 1000 + (324.5x104)x10°
(n)fmoal /il
9. Hot / Cold RNA 110 hot/cold
1il hot RNA  control
10. 191l hot RNA 201l cold-RNA 1001 |

40 mM HerpesKOH, pH 7.6 / 1 M NaCl / 2 mM EDTA / 0.2% SDS

hybridization
11. 100 10

12. 8% (30:1) gel

2 X hybridization buffer

40% Acryl / Bis (29:1) 5ml
5X TBE 25ml
H.O 17.3ml
APS 17511
TEMED 8.751 1
Totd 25ml
13. 2
3.8.2 RNA (continued)
1 200 1| 5011 /5X loading dye loading  wadll
hybridization hot-RNA
2. IX TBE 250V 15hr
3 3M X 15

~4]1~




4, RNA 4

15 ml 3 ml elution buffer 0.5 M
(NH,),0Ac, pH 7.0 / 0.1% SDS, 10 mM EDTA, pH 8.0) 2
diffuson
5. phenol / chloroform / isoamy! alcohol 25:24: 1
3000 rpm 30
6. 8 1.5 ml ependoff 0.7 ml 5
ependoff lilglycogen 30il RNA -20 30
7. 4 12000 rpm 15 RNA
8. 75% pellet 4 12000 rpm 5
9, 301 (20 mM Hepes-KOH, pH 7.6) RNA

3.8.2RNA Helicase

051g  HisVIRH1 20 il (20 mM
Hepes-KOH, pH 7.0/ 2mM DTT / 1.5 mM MnCk / 25 mM ATP/ 0.1 mg/ml BSA /
2 units RNasin, 4.4 fmaol RNA) 37 1 5115 RNA
loading dye (0.1 M Tris-HCI, pH 7.4/ 20 mM EDTA / 1% SDS/ 0.1% bromophenal

blue / 0.1% xylene cyna / 50% glycerol) 1011 8% native polyacrylamide gel

phosphoimager

3.8.3 ATPase
His-VrRH1 1il [a-PPATP 11l [4&**PJATP (3000 Ci /

mmol Amershan) 1011 (20 mM Hepes-KOH, pH 7.0/2 mM DTT /1.5

~42~



mM  MgCh) 37 15 05il (500 mM EDTA)

1il Silica gel 60 sheet (methyl nitril H>O
80 20) (Thin layer chromatography, TLC)
phosphoimager
3.9
391
Bio-Rad protein Assay Dye Reagent Concentrate
5 BSA 1~201 g/ml
3.9.2
A (T 30%, C 2.6%)
2.2¢g
Bis 08 g
100 ml 5% (w / v) Dowex MR-3
4
B 4X
Tris (1.5 M) 90.8¢
TEMED 1.8 ml
300 ml HCI pH 8.8 500 ml
C 4X
Tris (0.5 M) 6.0 g



TEMED 04 ml

40 m HCI pH 6.8 100 ml

10 % APS 0.1gAPS 1ml 4

oX
Tris (450 mM) 545 g
Boric acid (400 mM) 248 g
EDTA.2Na(12.5 mM) 4.7 g
800 ml HCI pH 84 1000 ml

Bromophenoal blue 1mg 10 ml 50% (viv)
Thyroglobulin (669

kDa) Ferritin (440 kDa) Catalase (232 kDa) Lactate dehydrogenase (140 kDa)

BSA (67 kDa)
75% 10% 4%
(%)

(ml) 75% 10 % 4%
A 5 6.7 2.64

B 5 5
C 4.96
9.9 8.2 11.8
APS 0.1 0.1 0.4




20 20 20
1X
150 mi 10 2/5
100V
120V
3.9.3SDS
1 A B C 5% APS 5X
2. 2X SDS
Tris (250 mM) 545 ¢g
b -mercaptoethanol (10 %) 10 mi
SDS (4 %) 24.8¢
EDTA.2Na (4 mM) 4.7 g
80 mi HCI pH 6.8 100 ml
3. 10 % SDS

Phosphorylase b (94 kDa)

BSA (67 kDa) Ovabumin (43 kDa) Carbonic anhydrase (30 kDa) Trypsin

inhibitor (20 kDa) a-Lactabumin (14.4 kDa)

4%

10 % 125 %



(%)

(ml) 10 % 12.5% 4%
A 6.7 8.3 2.64

B 5 5
C 4.96
10 % SDS 0.2 0.2 0.2
8.2 6.6 11.8
APS 0.1 0.1 0.4
20 20 20

0.1% SDS 1X
150 ml 10
2/5 100 10
100 V
120V
3.9.4CBR
Bio-Safe’™ Coomassie G250 (BIO-RAD) SDS-PAGE
10 DS
3.10 His-VrRH1
His-VrRH1 (10 mM PB, pH 6.8) 200 ig
25 28
His-VrRH1  dot blot SDS-PAGE
PVDF ( ) (
akaline phogpatase) AP




3.11

3111
1. 10X
Tris (0.25 M) 90.86 g
Glycine (1.92 M) 288 g
1500 ml HCI pH 8.3 2000 ml
2. 10 SDS-PAGE
10 % (vIv)
3. 6M PBST 180 g 200 ml PBST
PBST 500 ml
4. 100 %
1 1X 30
2. PVDF 100 % 1-2
15
3.
PVDF
4. PVDF 40 mA
5. SDS-PAGE 1 SDS
Disc-PAGE
311.2
PVDF AP-2nd Ab

AP
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1. PBST

2. 10 ml blocking buffer (TBST, 1% BSA) 1
3. 20 ml 2X TBST (40 mM Tris-HCI, pH 7.5/ 280 nM NaCl)
10
4, 10 ml blocking buffer 211 (1:5000 ) 1~2
5. 20 ml TBST 10
6. 10 ml blocking buffer 211 (1:5000 ) 1
1. 20 ml TBST 10
8. 10 ml SIGMA FAST™ BCIPNBT Buffered Substrate
Tablet

3.12VrRH1
3121

9 28 3

1X PBS
4 1X PBS
30%  100%
30 100% 1 Histo-clean 1/3 2/3
3/3 1 100 % Histo-clean
1 3
3.12.2
Histo-clean 42
Histo-clean 60



3.12.3

acetone 5 VECTABOND (7
m 350 ml acetone) 5 30
37
3124
7y m 0.1% DEPC-H20
42 ) Vectabond 42
3.125
1 (Blocking) PBS 1 BSA 30 min PBS
1min
2, ( ) 200X 60 min
3. PBS 10 min
4, (anti-rabbit antibody: alkaline phosphatase conjugates) 1 2000
PBS
5. PBS 10 min
6. AP buffer 2min NBT/BCIP (8811 NBT solution
68 1| BCIP solution AP buffer 20 ml) 30-60
min
7.



3.13VrRH1

1.2%
0.78  agarose powder 50 ml DEPC-H,O 6.5 ml
10X running buffer (20 mM MOPS, pH 7.0/ 8 mM NaOAc /1 mM ETDA) 1.95
ml 37% formaldehyde DEPC-H,O 65m
RNA (251 g) 4511 DEPC 65 15

2 11 10X running buffer (50% (v/v) glycerol / 1mM EDTA / 0.25% (wl/v

bromophenol blue) 22 11 1.2%
13 ethidium bromide 20 DEPC
254 nm UV 90
RNAase RNA 1.2 kb
VIRH1 Rediprime labeling kit (Amersham Pharmacia
Biotech) RNA (Amersham Pharmacia
Biotech) 65
2 X SSC-0.1% SDS 65 15 0.2 X SC-0.1%
SDS 15 20

phaosphor imager (Molecular Dynamics)

3.15 VrRH

9 28 3
50 mM Tris-HCI,
pH75 / 100 mM NaCl / 1 mM EDTA / 0.01% TritonX100, 10 mM

a-mercaptoethanol VIRH 65 12000 rpm 30



0~40% 40%~60%  60%~80%
10 mM Tris-HCI, pH 7.5

40%~60%

10 mM Tris-HCI, pH 7.5 0.5 ml 3ml
0~1 M NaCl 50 mi
Fig. 40 A Peak 1~V
ATPase ATPase

Peak IV Fig. 50 His-VrRH1 Fig 51
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1V.

4.1
4.2
4.3 mRNA
cDNA
44 VrRH1cDNA
45 VrRH1
46 VrRH1
4.7 HisVrRH1 K5
4.8 HisVrRH1 ATPase
49 VrRH1
410 VrRH1

411 VrRH

~52~



4.1

Vigour
21,25 40~50
80% RH (relative humidity, RH) Fig. 1
25
33% RH 100% RH 100 % RH
RH 15 90 %
Fig. 2
1992 1994 1998
96~98% 1994
50
Fig. 2 20% RH 15
45% RH (0~3
) (3~12 ) (12~15 )

Sigmoidal curve S curve

() 79% RH

Necross 3
50 25%

RH 45% RH 79% RH 45% RH

11.5% (20% RH) (79% RH)
(Fig.
3)

1992 3 1992-T3 1994



5 1994-T5 1998 5 1998-T5 50 45% RH
1992-T3 1994-T5 1998-T5
Fig. 4 S curve
1994-T5  11.5% 1992-T3  10.5%
1998-T5 9% (Fig. 5) 45%RH
Fig. 4 (1998-T5)
50 45%
RH 1994-T5 MRNA
9-d-12-h 9 12 C-12-h 12
4.2
1992-T3 1994-T5  1998-T5
Fg.4 1998-T5 1994-T5 1992-T3
S 1992
1998
9 9-d C 28
12 9-d-12-h 37% C-12-h 98%
0.5cm
3 25
3 Fig. 6 9-d-12-h 2.5~-3
1994-T5 0~15 28



0.5

TTC 2, 3,5-triphenyl tetrazolium chloride

triphenyl formazan

TTC formazan
TT7C (Fig. 7
T1C (Fg. 7 9-d-12-h
TTC
(Fig. 9)
Evan' s blue
(Fig. 9A) 1994-T5 15
(Fig. 98) C-12-h 9-d-12-h
Evan’ sblue (Fig. 1011y TTC
(leakage)
1992-T3 1994-T5 1998-T5

Fig. 12 Fig.4 Fig. 14

25 /45% RH

(Fig. 12)



1992-T3

1994-T5 1998-T5 Fig. 13
25 /45% RH (Fig. 13)
4.3 mRNA cDNA
MRNA RNA RNA
0~15 12
RNA
(Fig. 14, 15) MRNA GCG
e (P-1~P-8) C-12-h C 9-d-12h T RNA
MRNA cDNA cDNA PCR 1.2%
MRNA T pP-7 PCR
1.2 kb (Fig. 16) cDNA
L1~L20 20 MRNA
rRNA () 1.2 kb PGEM-T
vector competent cell (DH = ) 2 ampicillin
LB ( X-gal IPTG)
colony PCR (Fig. 21)
1.2 kb NCBI Web site RNA & 833
bp 72% identity RNA & 1997 Lorkovic
cDNA g5 1998 Okanami
RNA & CDNA RNA i 66

4.4 VrRH1 cDNA



1.2kb Northern
1.2 kb 5 /3 RACE cDNA
NCBI RNA & VIRH1 ( Vigna
radiata RNA helicase 1) 100 WIRH1 RNA
& 71% (380/533) (Fig. 18)
motif IV motifs VrRH1
motif IV VIRH1 N
C N PRH75 nuclear
localization sequence  NLS
VrRH1 NCBI BLAST gt
RNA i Fg. 18 VIRH1
RNA & 71% Ag 18 VIRH1 2139 bp
713 pl 9.9
4.5 VrRH1
VIRH1 T-Vector Eco RI Not | =
WrRH1 PCR VIRH1 VrRHEN
VrRHEN T-vector Eco Rl Not | &z
VIRHEN Eco R Not | & PET-28b(+)
VIRH1 pSCEE3 WrRH1
Fig. 19
4.6 VIRH1
pSCEE3 BL21(DL3)
37 30 25 IPTG 1 mM~0.0625

mM 12.5% SDS-PAGE
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« ) RNA &

(66) LB ( 50 ug/ml karamycin) 37 ODgyp 05
IPTG 1mM 3 0.451m
VIRH1 His His-VrRH1

HissVIRH1  SDS-PAGE

Fig. 20 His-VIRH1
VrRH1 77.6 kDa
gelatin gelatin
dot blot His-VIRH1 gelatin (Fig.
21)
4.7 His-VrRH1 3
pGEM4  pGEMS3 vector Xba |
Pvu ll & linear form in vitro transcription 41
nt (hot strain) 104 nt (cold strain) RNA hot strain [a-*P|CTP
RNA 34 % (Fig. 22)
VIRH1 His-VrRH1 imidazole
RNA His-VIRH1
RNA His-VrRH1 RNA ds RNA
RNA ssRNA (Fig. 23) (ANTP ATP
dATP ds RNA ss RNA (rig 24) 30
Fig. 25 A 160 ng Fig. 25B
His-VrRH1 RNA

4.8 His-VrRH1 ATPase



RNA i ATP
Fig. 24 His-VrRH1 ds RNA ATP  dATP
His-VrRH1 [8-2PATP
ADP TLC Thin layer chromatography
Fig. 26 ATPase pET-28b(+)  WrRH1
-RH Fig. 27-A -RH
VrRH +RH Fraction 1~V ATPase
VrRH -RH +RH ATPase Fig. 27
B 10 Fig. 28 A 160 ry
Fig. 28 B His-VrRH1 ATPase
His-VrRH1 Li Na K Li 250 mM
Na K 200 mM (Fig 29 VIRH1L  ATPase
pH 8.5 Fig 30A 37  Fg30B
49 VrRH1
0~15 1.2 kb-VrRH1 Northern
Fig. 31-B VIRH1 0~15
12 0.5cm VrRH1
Fig. 32
9 1.2 kb-WrRH1 Northern
Fig. 32 C, lane5 9 9-d,
lane 6 12 C-12-h 9
12 9-d-12-h 0.5cm lcm Northern
9-d-12-h lane 8 C-12-h lane7
10 9-d-12-h



05cm  Group 1
05 cm Group 2
Group 3 Fig. 34 lanes lane5 lane6 Group 1
lane7  Group 2 lane8 Group 3 1.2 kb-VrRH1
Northern VrRH1 VrRH Groupl Group?2
Group3
C 9-d lhr 8hr 16hr 24hr 32hr
45hr RNA Northern C
VrRH1 8~32 g3 9d 24
32 Fig. 36 Fig. 36 1I8SrRNA 25 S
rRNA  9-d 32 C rRNA
Fig. 35
VrRH1 Fig. 37 C-12 9-d-12
lane 7 and lane 8 lane 5 and lane 6 Fig. 38
24 lane 4 and lane 8
lane 1 and lane 5 lane 2 and lane 6 lane 3 and
lane 7
410 VrRH1
His-VrRH1
3 VrRH1
Fig. 39 Fig. 30-A VIRH1
Fig.39-B C VrRH1 Fig. 39-D
E Fg 39B C VrRH Fig. 39-F
VrRH1



411 VrRH
40%~50%
0.1%
Fig.
40 A, Peak 111 ATPase Fig. 40 B, lane8 Peak I1I

Western VIRH1 Fig. 41
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5.1

5.2

5.3 VrRH1 cDNA

54 VrRH1

5.5 VrRH1
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5.1

high vigour seeds
low vigour seed
25 100%
1 50 Fig. 2
1994-T5 12.5%
RH 45% RH
Fig. 3 Fig. 5
5.2
viability
1994-T5 96~98%
S Fig. 2 15
15% 9
95%

86% rg

vigour

Fig.



6 45 15%

1994-T5

TTC Evan’ sBlue
3 Fig.
7 Fig. 7, Fig.8 Evans blue
TTC
Fig. 9 9-d-12
9 12 C-12 12 Fig.
9,10,13

Fig. 12 Fig 13

99
rRNA Fig. 14
0~15 12 0.5 cm rRNA

Fig. 15 rRNA

5.3 VrRH1 cDNA

RNA &
RNA i 1.2 kb 5 /3 RACE
RNA & VrRH1 (Vigna radiata RNA helicase 1) 100
DEAD box protein matifs  Fig. 18
RNA &
RNA & CDNA (9, 21, 34, 37) 34)

(25) 69.70 VIRH1 motif IV RNA i



VIRH1 N NLS nuclear localization sequence
RNA & (PRH75) N
81 GUS 34
VrRH1
5.4 VrIRH1
His-VrRH1 HCV
NS3 N & &  motif catalytic triad
(Hisl1083 Asp1107  Ser1165) (in cis)
& gelatin
His-VrRH1 & gelatin
gelatin dot blot His-VrRH
Fig. 21 His-VrRH1
His-VIRH1 ds RNA ss RNA
ATPase Fig. 26-B His-VrRH1 [5-ZPATP
[a-2P]ADP
ATPase VIRH
(+RH) VIRH (- RH) Fig. 27
+RH Ni**-Agarose ATPase Fig.27B,lane9and 10 -RH
ATPase (Fig. 35 B, lane 4 and 5)

His-VrRH1 5~320 ng
His-VrRH1 ATPase

RNA

dT, dC

160 ng
ATP ds RNA
& ATPase e
poly A, U, C and poly dA,
His-VrRH1 pPH8.5 Fig. 38 A



5.5 VrRH1

1.2kb

1.2kb

12

Group 2

anaysis

C-12

(Fig. 35)

Fig. 31-B VIRH1
1.2kb VrRH1 S motif 1V
RNA & VIRH
Fig. 32-B
0.5cm WRH1 VrRH
0.5 cm
VrRH1
Fig. 34
10 1994-T5
0.5cm Group 1 0.5cm
Group 3 Group 1
Groups 1994-T5
96~98%
Fig. 34-B VIRH1
lane 6~lane 8 lane 5 Groupl
lane 6
lane 6 lane 5
9d lhr  8hr 16hr 24hr 32hr  45hr
RNA VrRH1 Northern blot
C VIRH1 8~45
9-d rRNA 32 (C



8 ) 9-d WRHL 8~32hr
(Fig. 36) VrRH1

VIRH1 ~ rRNA

Fig.37  VIRH1

VrRH1 Fig. 38

71%
Fig. 39 VIRH1
F lateral meristem
VIRH1
VrRH ATPase
ATPase ATPase Fig. 50
Fig. 50, Peak 111

~67~

24
rRNA
MRNA
9-d-24-h
PRH75
VrRH1 PRH75
VrRH1
B, C
VrRH
His-VrRH1
VrRH VrRH
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RNA & VIRH1

VIRH1 PRH75
N C RNA
PRH75 VIRH1
PRH75 VrRH1
VIRH1
() VrRH
() VIRH1
VIRH1
() VrRH1 ( ATPase
Helicase RNA interaction ) computer modeling in vitro



() VIRH1 X

Yao 1997 HCV NS3 helicase search
model molecular replacement VIRH1
helicase NTP
helicase
() VWRH1  invivo subdrate VIRH1
VIRH1
VIRH1



VII.



10.

11.

12.

13.

Leopold, A.C. 1995. Aging, senescence and turnover in plants. Biosciene. 25:
659-662.
Nooden, L.D. 1988. Senescence and aging in plants.
Davies, I. and Sigee, D.C. 1984. Cell aging and cell death: perspectives. in “ Cell
aging ad cell death” (Davies, I. and Sigee, D.C., eds.), pp. 347-350. Cambridge
Univ. Press, London and New Y ork.

1987
Bed, W.J. 1905. Bot. Gaz. 40: 140
Roberts, E.H. 1972. In: Viahility of seeds, Chapman and Hall, London. P. 253.

(1998)

http://seed.agron.ntu.edu.tw

Cheah, K.S.E. and Osborne, D.J. 1978. DNA lesions occur with loss of viability in
embryos of aging rye seed. Nature. 272: 593-599.

Reuzeau, C. and Cavalie, G. 1997. Changes in RNA and protein metabolism with
aternations in the germination efficiency of sunflower seeds. Annals of Botany.
80: 131-137.

Guy, P.A. and Black, M. 1998. Germinationrelated proteins in wheat revealed by
differencesin seed vigour. Seed Science Research. 8: 99-111.

Ghosh, B. and Chaudhuri, M.M. 1984. Ribonucleic acid breakdown and loss of
protein synthetic capacity with loss of viability of rice embryos (Oryza sativa).
Seed Science and Technology. 12: 669-677.

Grilli, 1., Bacci, E., Lombardi, T., Spano, C. and Floris, C. 1995. Nature aging:
poly(A) plolymerase in germinating embryos of Triticum durum wheat. Annals of
Botany. 76: 15-21.

Bray, C.M. and Smith, C.A.D. 1985. Stored polyadenylated and loss of vigour in
germinating wheet embryos. Plant Science. 38: 71-79.

~72~



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Gidrol, X., Noubhani, A. and Paradet, A. 1990. Biochemica changes induced by
accelerated aging in sunflower seeds. II. RNA population and protein synthesis.
Physiologia Plantarum. 80: 598-604.

Simon, EW. and Harun, R.M.R. 1972. Leakage during seed imbibition. Journal of
Experimenta Botany. 77: 1076-1085.

Samimy, C. and Taylor, A.G. 1983. Influence of seed quality on ethylene
production of germinating snap beans. J. Amer. Soc. Hort. Sci. 108: 767-7609.

Stewart, R.R.C. and Bewley, D. 1980. Lipid peroxidation associated with
accelerated aging of soybean axes. Plant Physiol. 65: 245-248.

Basra, A.S. 1994. Seed viability and seed vigor. In: Seed quality basic mechanism
and agricultural implications. Food Products Press: An Imprint of The Haworth
Press, Inc. New Y ork, London, Norwood. 1-76.

Powell, A.A. 1988. Seed vigour and field establishment. Advances in Research
and Technology of Seeds. 11: 29-80.

Puntarulo, S. and Boveris, A. 1990. Effect of natural and accelerated aging on the
hydroperoxide metabolism of soybean embryonic axes. Plant Science. 68: 27-32.
Hampton, J.G. and Tekrony, D.M. 1995. Measuring of seed vigour. In: Hand book
of vigour test.; Published by The International Seed Testing Association. 14-20.
Hampton, J.G. and Hill, M.J. 1990. Herbage seed lots: Are germination data
aufficient ? Proceeding of the New Zedand Grasdand association. 52: 59-64.

Hall, R.D. and Wiesner, L.E. Relationship between seed vigor tests and field
performance of “ Regar” meadow bromegrass. Crop Science. 30: 967-970.

Hampton, J.G. and Coolbear, P. 1990. Potential versus actual seed performance
can vigour testing provide an answer  Seed Science and Technology. 18:
215-228.

Delouche, J.C. and Boskin, C.C. 1973. Accelerated aging technique for predicting



the relative storability of seed lots. Seed Science and Technology. 1: 427-452.

26. Ellis, R.H. ard Roberts, E.H. 1980. Towards a rational basis for testing seed
quality. In: Seed Production (ed P.D. Hebblethwaite), 605-645, Butterworths,
London.

27. Perry, D.A. 1981. Introduction In: Handbook of vigour test methods, 3-7.
Internationa Seed Testing Association, Zurich.

28. Perry, D.A. 1978. Report of the Vigour Test Committee. 1974-1977. Seed Science
and Technology. 6: 159-181.

29. Powell, A.A. 1986. Cell membrane and seed |leachate conductivity in relation to
the quality of seed for sowing. Journa of Seed Technology. 10: 81-100.

30. Priesley, D.A. 1986. Seed aging: Implications for seed storage and persistence in
the soil comstock, Ithaca, USA.

31. Hampton, T.G. 1992a. Report of the vigour test committee 1989-1992.
Supplement to Seed Science and Technology. 20: 191-198.

32. AOSA. 1983. Seed vigour testing handbook. Contribution No. 32. Association of
official seed andysis, USA. 1983.

33. Desai, B.B., Kotecha P.M. and Salunkhe, D.K. 1997. Seeds handbook.

34. Leshem, Y.Y. 1988. Plant senescence processes and free radicals. Free Radic Biol
Med. 5: 39-49.

35. Mackay, D.B. 1972. In: Viability of Seeds. Chgpman and Hall, London. P-172.

36. Sen, S. and Osborne, D.J. 1977. Decline in ribonucleic acid and protein synthesis
with loss of viability during the early hours of imbibition of rye (Secale cereale L.)
embryos. Biochem. J. 166: 33-38.

37. Scharpe, A. and Parijs, R. V. 1973. The formation of polyploid cells in ripening
cotyledons of Pisum sativum L. in relation to ribosome and protein synthesis. J.

Exp. Bot. 24: 216-222.

~T4~



38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49,

50.

Hallman, N.D., Roberts, B.E. ad Osborne, D.J. 1973. Embryogenesis and
germination in rye. Planta. 110: 279-290.

Parrish, D.J. and Leopold, A.C. 1978. On the mechanism of aging seeds. Plant
Physol. 61: 365-368.

Berjak, P. and Villers, T.A. 1970. Autoradiographic localization of soluble and
insoluble 14C from [14C] indolylacetic acid supplied to isolated coleus internodes.
New Phytol. 69: 919-927.

Berjak, P. and Villers, T.A. 1972. Aging in plant embryos. II. Age-induced
damage and its repair during early germination. New Phytol. 71: 135-144.

Kittock, D. L. and Law, A.G. 1968. Agron. J. 60: 286.

Macleod, A.M. 1952. Trans Bot. Soc. Edinburgh. 36: 18.

. Roberts, E.H. 1973. Seed Sci. and Technol. 1:499.

Cheah, K.S.E. and Osborne, D.J. 1978. DNA lesions occur with loss of viability in
embryos of aging rye seed. Nature. 272: 593-599.

Gorbaenya, A.E., Koonin, E.V. and Wolf, Y. I. 1993. Helicase: Amino acids
sequence comparisons and structure-function relationships. Curr. Opin. Struct.
Biol. 3: 419-429.

Abdel, M.M., Durwald, H. and Hoffmann, B.H. 1976. Enzymatic unwinding of
DNA. 2 Chain separation by an ATP-dependent DNA unwinding enzyme. Eur. J.
Biochem. 65: 441-4409.

Moore, K.JM., and Lohman, T.M. 1995. Helicase-catalyzed DNA unwinding:
energy coupling by DNA motor proteins. Biophys J. 68: 180-185.

Lohman, T.M. and Bijornson, K.P. 1996. Mechanism of helicase-catalyzed DNA
winding. Annu. Rev. Biochem. 65: 169-214.

Cruz, JD.I., Kresder, D. and Linder, P. 1999. Unwinding RNA in Saccharomyces

cerevisae: DEAD-box proteins and related families. Trerds in Biochemical



51

52.

53.

55.

56.

57.

58.

59.

60.

61.

Sciences. 5: 192-198.

Linder, P. and Daugeron, M.C. 2000. Are DEAD-box proteins becoming
respectable hedlicases? Nature Structural Biology. 7: 97-99.

Korolev, S., Hseh, J., Gauss, G.H., Lohman, T.M. and Waksman, G. 1997. Mgjor
domain swiveling revealed by the crystal structure of complex of E. coli Rep
helicase bound to single-strand DNA and ADP. Cell. 90: 635-647.

Subrammanya, H.S., Bird, L.E., Brannigan, J. and Wigley, D.B. 1996. Crysta

gtructure of a Dexx box DNA hdlicase. Nature. 384: 318-325.

. Velankar, S.S., Soultanas, P., Dillingham, M.S., Subramanya, H.S. and Wigley, D.

B. 1999. Crystal structure of complex pf PcrA DNA helicase with a DNA
subgtrate indicate an inchworm mechanism. Cell. 97: 75-84.

1998 C NS3 &
Cho, H.S,, Ha, N.C,, Kang, L.W., Chung, K.M., Back, S.H., Jang, S.K. and Oh, B.
H. 1998. Crysta structural of RNA helicase from genotype 1b hepatitis C virus. J.
Biol. Chem. 273: 15045-15052.
Kim, D.W., Kim, J., Gwack, Y., Han, JH. and Choe, J. 1997. Mutational analysis
of the hepatitis C virus RNA hdlicase. J. Viral. 71: 9400-9409.
Wong, |. and Lohman, T. M. 1992. Allosteric effects of nucleotide cofactors on
Escherichia coli Rep helicase-DNA hinding. Science. 256: 350-355.
Story, RM., Weber, I.T. and Steitz, T. A. 1992. The structure of the E. coli recA
protein monomer and polymer. Nature. 355; 318-325.
Owttrim, G.W., Hofmann, S. and Kuhlemeer, C. 1992. Divergent genes for
trandation initiation factor elF-4A are coordinately expressed in tobacco. Nucleic
Acids Res. 19: 5491-5496.
Owttrim, G.W., Mandel, T., Trachsel, H., Thomas, A.A.M. and Kuhlemeier, C.

1994. Characterization of tobacco elF-4A gene family. Plant Mol. Biol. 26:



62.

63.

65.

66.

67.

68.

69.

70.

1747-1757.

Itadani, H., Sugita, M. and Sugiura, M. 1994. Structure and expression of acDNA
encoding an RNA helicase-like protein in tobacco. Plant Moal. Biadl. 24: 249-252.
Brander, K.A. and Kuhlemeier C. 1995. A pollenspecific DEAD-box protein

rdated trandation initiation factor elF-4A. Plant Mol. Biol. 27: 637-649.

.Metz, A.M., Timmer, RT. and Browning, K.S. 1992. Sequences for two cDNAs

encoding Arabidopsis thaliana eukaryaotic protein synthesis factor 4A. Gene 120:
313-314.

Lorkovic, Z.J, Herrmann, R.G. and Oelmuller, R. 1997. PRH75, a new
nucleus-localized member of the DEAD-box protein family from higher plants.
Mol. Cdl. Biol. 17: 2257-2265.

Okanami, M., Meshi, T. and Iwabuchi, M. 1998. Characterization of a DEAD box
ATPase/RNA helicase protein of Arabidopsis thaliana. Nucleic Acids Res. 26:
2638-2643.

Gagliardi, D., Kuhn, J., Spadinger, U., Brennicke, A., Leaver, C.J. and Binder, S.
1999. An RNA helicase (AtSUV3) is present in Arabidopsis thaliana
mitochondria. FEBS Letters. 458: 337-342.

Aubourg, S, Krels, M. and Lecharny, A. 1999. The DEAD box RNA helicase
family in Arabidopsis thaliana. Nucleic Acids Res. 27: 628-636.

Pham, X.0., Reddy, M.K., Ehtesham, N.Z., Matta, B. and Tutga, N.A. 2000.
DNA hedlicase from Pisum sativum is homologus to trandation initiation factor
and stimulates topoisomerase | activity. The Plant Journd. 24: 219-229.

Tutga, N., Beven A. F.,, Shaw, P. J. and Tutga, R. 2001. A pea homologue of
human DNA helicase | is localized within the dense fibrillar component of the
nucleolus and stimulated by phosphorylation with CK2 and cdc2 protein kinases.

The Plant Journd. 25: 9-17.



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Hirling, H., Scheffner, M., Restle,, T. and Stahl, H. 1989. RNA helicase activity
associated with the human p68 protein. Nature 339: 562-564.

1990. Bidirectional RNA helicase activities of eukaryotic trandation initiation
factors 4A and 4F. Mal. Cdll. Bial. 10: 1134-1144.

Lain, S, Riechmann, JL. and Garcia, JA. 1990. RNA helicase: a hovel activity
associated with a protein encoded by a positive strand RNA virus. Nucleic Acids
Res. 18: 7003-7006.

Lee, C.G. and Hurwitz, J. 1992. A new RNA helicase isolated from Hela cells
that catalyticaly trandocates in the 3 to 5 direction. J. Biol. Chem. 267:
4398-4407.

Shuman, S. 1992. Vaccinia virus RNA helicase: an essential enzyme related to the
DE-H family of RNA-dependent NTPases. Proc. Natl. Acad. Sci. USA 89:
10935-109309.

Liang, L., Diehl-Jones, W. and Lasko, P. 1994. Localization of vasa protein to the
Drosophila pole plasm is independent of its RNA-binding and helicase activities.
Development 120: 1201-1211.

Jones, P.G., Mitta, M., Kim, Y., Jang, W. and Inouye, M. 1996. Cold shock
induces a major ribosomal-associated protein that unwinds double-stranded RNA
in Escherichia coli. Proc. Natl. Acad. Sci. USA 93: 76-80.

Boddeker, N., Stade, K. and Franceschi, F. 1997. Characterization of DbpA, an
Escherichia coli DEAD box protein with ATP independent RNA unwinding
activity. Nucleic Acid Res. 25: 537-544.

Ladomery, M., Wade, E. and Sommerville, J. 1997. Xp54, the Xenopus
homologue of human RNA helicase p54, is an integra component of stored
MRNP particles in oocytes. Nucleic Acids Res. 25: 965-973.

Gururgian, R., Mathews, L., Longo, F.J. and Weeks, D.L. 1994. An3 mRNA



81.

82.

83.

85.

86.

87.

88.

89.

90.

91.

encodes an RNA helicase that colocalizes with nucleoli in Xenopus oocytes in a
gage-specific manner. Proc. Natl. Acad. Sci. USA 91: 2056-2060.

Gururgian, R. and Weeks, D.L. 1997. An3 protein encoded by alocalized maternal
MRNA in Xenopus laevis is an ATPase with substrate-specific RNA helicases
activity. Biochim. Biophys. Acta. 1350: 169-182.

Buchvarov, P. and Gantcheff, T. 1984. Influence of accelerated and natural aging
on freeradica levelsin soybean seeds. Physiol. Plant. 60: 53-56.

Hampton, J.G. Johnstone, K.A. and Eua-umpon V. 1992. Bulk conductivity test

variables for mungbean, soybean and French bean seed lots. 20: 677-686.

.Li, SC., H, JW. Chen, K.C. and Chen, C.S. 2001. Purification and

characterization of isoforms of b-galactosidases in mung bean seedlings.
Phytochemigtry. 57: 349-359.

Liang, P., and Pardee, A. B. 1992. Differential display of eukaryotic messenger
RNA by means of the polymerase chain reaction. Science 257:967-971.

Sokolov, B.P. and Prockop, D.J. 1994. A rapid and simple PCR-based method for
isolation of cDNAs from differentialy expressed genes. Nucleic Acids Res. 22
4009-4015.

O’ brien, F.E.M. 1948. The control humidity by saturated salt solutions. J. Scient.
Instrum. 25: 73-76.

Gaff, D.F. and Okong’ o-ogola, O. 1971. The use of nonpermeating pigments for
testing the surviva cdls. Journd of Experimenta Botany. 1971. 72: 756-758.

Katoh, H. and Esashi, Y. 1975. Dormancy and impotency of cocklebur seeds |I.
CO,, CzH4, O2 and high temperature. Plant and Cell Physiol. 16: 687-696.

Sambrook, J., Fritch, E.F. and Maniatis, T. 1989. Molecular Cloning: A laboratory
Manud, 2nd Edn., Cold Spring Harbor, NY .

Shirzadegan, M., Christie, P. and Seemann R. 1991. An efficient method for



92.

93.

94.

95.

96.

97.

98.

99.

isolation of RNA from tissue cultured plant cells. Nucleic Acids Res. 19: 6055.

1997
Ta, C.L., Chi, WK., Chen, D.S. and Hwang, L.H. 1996. The helicase activity
associated with hepatitis C virus nonstructural protein 3 (NS3). J. Virol. 70:
8477-8484.
Oh, JY. and Kim, J. 1999. ATP hydrolysis activity of the DEAD box protein
Rok1p isrequired for in vivo ROK1 function. Nucleic Acids Res. 27: 2753-2759.
Lin, C.Y., Kuan, C.C., Juang, R.H., Tsou, S.C.S., Kuo, C.G. and Chen. C.S. 1998.
Rapid isolation of differentially expressed cDNAs from near isogenic lines of
mungbean Botanicd Bulletin of Academia Sinica. 39: 87-91.
Moore, R.P. 1976. The tetrazolium seed testing developments in North America.
Journal of Seed Technology. 1: 17-30.
Mcdonalds, M.B.J. Wilson, D.O. 1980. ASA-610 ability to detect changes in
soybean seed qudity. Journd of Seed Technology. 5: 56-66.
Hepburn, H.A., Powell, A.A. and Matthews, S. 1984. Problems associated with
the routine application of electrical conductivity measurements of individual seeds
in the germination testing of pea and soybean. Seed Science and Technology. 12:
403-413.
Gorecki, R.J., Ashino, H., Satoh, S. and Esashi, Y.1991. Ethylene production in
pea and cocklebur seeds of differing vigour. Journals of Experimental Botany. 42:

407-414.

100. RNA-helicase (Accession No. AF156667) from acceleratedly aged mung bean

seeds (PGR0O0-019). Plant Physiol. 122: 619.



~81~



100
98
96
94
92 |
90 A
88
86 ~

—8— 33% RH
5 —8— 45% RH
55% RH
79% RH
—&— 100% RH

Germination (%)

0 3 6 9 12 15

Days aged

Figure 1. The relationships versus accelerated aging days at 25  under
different relative humidity. 1994-T5 mung bean seeds were
incubated at 25  in 33 %, 45 %, 55 %, 79 % and 100 % relative
humidity for 3, 6, 9, 12 and 15 days and then germinated under

standard conditions.
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Figure 2. The germination versus days of accelerated aging at 25  under
different relative humidity. 1994-T5 mung bean seeds were incubated
a0 in20%, 45% and 79 % relative humidity for 3, 6, 9, 12 and 15

days and then germinated under standard conditions.
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Figure 3. Changes in seed water content during accelerated aging at 50  and 45%
relative humidity. 1994-T5 mung bean seeds were incubated at 50 in 20
%, 45 % and 79 % relative humidity for 3, 6, 9, 12 and 15 days and the
water content of seeds was measured as described in Materials and

Methods
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Figure 4. Germination of mung bean seeds, harvested in different years
versus days of accelerated aging.Mung bean harvested in 1992,

1994 and 1998 were aged and examined for germination rate.
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Figure 5. Water contents of mung bean seeds harvested in different years
versus days of accelerated aging. 1992-T3, 1994-T5 and 1998-T5
mung bean seeds were acceleratedly aged for 3, 6, 9, 12 and 15 days

and subjected to water content anayss.
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Figure 6. Comparison of germination rate of R1 seeds. Two kinds of R1 seeds,
C-12-h-R1 and 9d-12-h-R1, were acceleratedly aged for 90 days.
Samples were taken for determination of germination rate at various
time intervals. 12 h imbibed seedlings of mung bean that had been
aged for 9 cays were grown up to mature plants. Seeds of these
plants are called 9-d-12-h-R1. While seeds of control mung bean are

called C-12-h-R1.
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Figure 7. Evaluation of seed vigour with TTC staining. A, control seeds (1994-T5). B,
Seeds (1994-T5) aged for 15 days. 1994-T5 seeds were imbibed for 2 h,

germinated for 12 h and stained with TTC



Figure 8. The aged seeds with different length of axis stained with TTC.
After 9 day accelerated aging, 1994-T5 mung bean were imbibed
for 2 h, germinated for 12 h and stained with TTC.



Figure 9. Examination of the viability of mung bean seedlings with Evan’ s
Blue staining. A, control seeds. B, seeds aged for 15 days.



Figure 10. Evan’ s Blue staining patterns in axis between control (left) and 9
days acceleratedly aged (right) seeds. 1994-T5 control and aged
seeds were imbibed for 2 hrs, germinated for 12 hrs and subjected to

Evan' s Blue ganing.

Figure 11. Evan’'s Blue saining
patterns in cotyledon
between control (upper) and
9 days acceleratedly aged
(lower) seeds. Experimental
procedures were the same as
that Fig. 10.
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Figure 12. Conductivities of mung bean seeds harvested different years and
aged for 3~15 days. Measurement of conductivity is described in

Materids and Methods.
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Figure 13. The ethylene production of acceleratedly aged mung bean seeds harvested
in different years. Andysis of ethylene is described in Materids and Methods.
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Figure 14. Electrophoresis of total RNA extracted from acceleratedly aged mung bean
seeds. Total RNA was extracted from aged 1994-T5 seeds as described in
Materials and Methods. 25 i g total RNA were analyzed with agarose gel

electrophoresis and stained with EtBr.
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Fig. 15. Electrophoresis of total RNA of the seedlings of acceleratedly aged mung
beans. After imbibition for 2 hrs and germination for 12 hrs, total RNA
was extracted from aged 1994-T5 seeds as described in Materials and
Methods. 251 g total RNA were analyzed with agarose gel €l ectrophoresis

and stained with EtBr.
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Figure 16. mRNA differential display analyses of non-aged (C) and aged (T)
seedlings using designed primers. Arrow indicates a differentially expressed
fragment (1.2 kb). The differentially expressed mRNAs were displayed by
using designed primers (P-1 to R8) in PCR. Arrow indicates the 1.2 kb

fragment differentially expressed in accelerated aged seedlings.
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Figure 17. Screening of cDNA clones harboring the 1.2
kb fragment with colony PCR method. 1.2 kb fragments
were isolated from agarose gel and then ligated into
pGEM-T easy vector. After transformation, the positive

clone was screened by using colony PCR.
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TCGCCGCTTACTCCTCTTTCTTCTCCTGCTTACGOGACCTCATAGCCA
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GCAGGAGAAAATCTCTCTCTTTCTCTCTCTCCTICQUCTTTGTC CCT
ATGGCCTCAGTCTCTCTCTCTGCGAGQCRGREARGAGOAABGCARPBGKLEA
M A S V S L S A T D T T L Q E T 20 K Q S

IGCCAAGAAAGCCAAGAACCAATCCCCAACCATTGEBGAGAAGAAC
A K K A K N Q § P T I A E K K S 40 S K L

ICTTTCTGATCCCAACACCCCCGATCCCGACCAAGATGGGGTTT CC
L s b P N T P D P D Q D G V S G6KW L Q K

IAAGGCGBSAGAAAGGCTTCAGACATAGAGGCTATGBGB6ECGGCGACCA/
K A K K R K A S D I E A M A A T 8 D A D

IGAAGACACTAGTTCCGAGCTGGTGGAGCCCGAARCTITCTAGAGAY
E D T S S E L VvV E P E S S R E D I1ImDOH K K

IANAGAAAAAGAAGAAAAAGGCCAAGTCCGAGGAAEZBABCCTTTGGTCC
K K K K K A K S E E Q P L V M E1R20E E

IAAAGAAGAGAAGAAGGAGGATCCTAATGCGGTCBSECZCAAACTCAGC
XK E E K K E D P N A V § K L R I 1 E P L

IANGGCTAAAATTGAAGGAGAAGGGGATCGAATCCB®IGTTTCCTATT
IR L K L K E K G | E S L F P | Q 1/O0M T F

IATTTAGTTCTCGACGGTT GGEATTTGCAETTGCEGEGATAGIGGCT AAAACT
D L V L D G S D L VAGRRT G Q G K18T0

(1)
ICTGGCATTTGTGCTACCCATATTGGAGTCTTTARZIBAATGGTCCCC
r A F V L P I L E S L I N G P T 200S S R

IAAGACAGGCTACGGGAGAACTCCAAGTGTTCTTGBGCTTCTACCH#
XK T 6 Y G R T P S V L ¥ I. R E L 2R0

(1a)
ITGTCGGGTGCATGCTGATTTTGAAGTTTATGGTEB8GEAGCGATGGGH#

XX R V H A D F E V Y G G A M G L 2#0S C C

ITTGTATGGTGGAGCTCCATATAACACTCAAGAABRBRTCAAGCTTAGC
r Yy G G A P Y N T Q E I K L R R 2660V D 1

IGTAATTGGCACACCAGGTCGTGTTAAGGATOAGTABGECC GAGAGGGG/
v | G T P G R V K D H | E R G N 280D L S

ICAACTAAAATTCCGTGTCCTTGATGAAGCAGATGAAATGCTGAGC
Q L K F R VDLE A E M L R M G F VO0OE&

(1)
HBCIATGTTGAGTTGATTCTAGGGAAGGTTGAAAATGTIEIAATAAAGT

D V E L I L 66 K VvV E N V N K V Q 3120L L F

B8GECGCTACTARGACTGGGTTAAACATATTGCTGCAICIMOTTTCTGAA
S A TL P D W V K H I A A Q F L K340 D K
)

WMNAAACTGCTGACCTTGTTGGAAATACAAAAATGA2ZGGCTAGTACC
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X T A D L VvV G N T K M K A S T NIS3WOR H I

GGITTCTCCCTTGTTCTGCTCCTGCCAGGTCCCAACZGEATCCCGGAC
v L p C S A P A R S Q L I P D I 3180R C Y

AIGCAGTGGAGGCCGGACAATTATATTTACCGAGAG2A2AAGGAGTCT
S s G G R T | m™ E T K E S A S Q400A

(1V)
HLBIGGTTGTTACCTGGAGCTAGAGCTCTCCATGGTGBAEATACAACA/

G L L P G A R A L HI GQDQ A Q R E42\W

BAICTCTGTTTGGCTTEAGGCAELATGAEGATTAGTTGCTACGAAATGTGGC
mwm L F G F R S G K F M T L NV VAATAA40

LCIGAGGTCTTGATATAAATGATGTTCAGTTAATTABSCCAGTGT GAC(

IR G L D | NVDQ L I I Q C E F P RG6BD V
(V)
GIAGTCCTATATCCATCGTTCTGGACGAACAGGAAGBBAGCAGGTAAT
IEE SY | H R S GTRG RA G N T G V A480
(V1)

GAICCCTTTATGATCCAAAAAGATCTAATATATCTAB2ATAGAAAG/
m L Y D P K R S N | S K 1 E R E 590G V K
ZITTGAGCACATATCTGCCCCACGGCCTGATGATABSIGCTAAAGCT
F E H | s A P R P D D | A K A V 520G E A
SGCICTGAAATGATTACCCAAGTTCTCAGEALTACARATAGATAACCGCAGAA
A E M | T Q v s D S V I P A F K BS5HO0T A E
GCIAGCTTTTGAAGAGTTCTGGTTTAACAGTTGTTGBABOTGCTAGC/
IE L L K § § GG L T V V E L L A K 560L A K
GICTGTTGGCTATACCGAAATAAAGCAAAGATCACBECTCACTTCC
A V G Y T E | K Q R S L L T S ™M S5BO0N Y V
GAICTTTGCTTCTTGAGATTGGGAAACCAATCTTCAGZICCTTCTTTT
T L L L E | G K P | F T P S F A 6YO0G | L
AIGGAGATTTTTGCCTGAAGAGAAGGTGGAGGCTGIBAAAGGTCTT
IR R F L P E E K V E A V K G L S 620T A D
GLIGAAATGCGGCGTGCTGTTTTTGATGTACCAGTTASARARGBTICABAATAC/H
GG N G AV F D V P A E D L N T Y 640S G Q
GCIAAAATGCTGCTAATGTAAGTTTAGAGGTATTGRABDGCTTTGCC/
IE N A A N V S L E V L K A L P R 660Q Q R
GGIATCAATCAAGAGGTGGCAGATTTGGTGACGGTECGGEGBGGTCAAGGT
» Q $ R 6 6 R F G D G G G Q G G B6BON R F
6GGOIGMGAGGCGGGGGAGGCAGAAACGGTAGATTTT CRARATGATAGGT
GG R G 6 G G R N G R F § N D R F 790N G G
HLBIGAAGAGGTGGTCGTGGAAACTGGGGTGGAAAARBBAOGGTGAGT T
GG R G G R G N W G G K R W * 720
GETCTGGTAGCATTACTGCATAGCTGCTTCGTGGRBRAAAAAATAGT

Figure 18. (A) The nucleotide and deduced amino acid sequence of VIRH1.



VIRHL 127 DPNAVSKLRI SEPLRLKLKEKGRE SLQIGKAYAMT ABIEV L DGSTI
+PNAVSK RI'S PLR KLKRT®IQEGAFAVAIPQA TED+ VL

A. t. : 94 N P NKALVKSAKNEGR | ESAALPFLPR EQ A SATRF DY G RBW DR V GR3

S. 0. : 105 DPNSLSNFRI SKPLKDVLASK GIQKKFAFVAIPQ ALIMTAF DNV |

(1)

VIRHL 187 | LESLI NGPTK SPRKEGROGHRAPBSEMWEGAMGLSSCCLYGGAP
| LESL+NGPP KBL RKV GABGR+ PSFGN+ELSSCCLYGG

A. t. : 154 |ILESLVNGPRKBERRWCABRBABVEYILGLSSCCLYGGD:!

S. 0. : 165 | VESLVNGRAKRERRBIGAHBRQPEFVEAVLELTACSVYGGAI

(1 a)
VIRHL 247 YNTQEI KLRRGVDI VI GT FDGERAZKI D RWESIR\GENL IDIL SQLE&K F RV L
QE KL+RGVDI V+DGETAEISIR RIMGHNVERVE+LDLS  KF
A. t. : 214 | PVQEGKLKRGVDI V\DGETAEMIR RMGHANVERYELDES2FRF
S. 0. : 225 FHSQISSLTRGVDI V\DGETAEMIRKKGEVDOGELKLGSBUF
(1)

VIRHL 307 GKVENYNEKNRDWYKKFI AAQFLKPDKKTADLVGNTKMKASTNVR
GKSVAHEIP WMWKQTILHL F+ FLK D+KT DLVGN KMKAS +VF

A. t. 274 GKVAEIPSSTWWKQTILSINRFLKRDQKTI DLVGNDKMKASNSVF

S. o.: 285 G KSVADTHPVSSMVEKIDRE L K SAKKTVDL VSDQKMKASI SVRHI V
(111

VIRHL 367 PARSQLI PDIERGYESSSAGG®RT AGE L P G@ARQRIEM GIDFGFR 426
A ++L|I EDKI C®%SSGGLIRQIERRBVYHG+GFR

A. t. : 334 AAMARLAEDIKIVSEWS S GGQT ILEDAREGSFOREWTGL AGFR 393
S. o. : 345 SARPDLITEDIKIERCASQGCAGRIILITROATRREWTCLIKGFR 40 4
(1v)

VIRHL 427 SGCGWHMTARAODWQILND QCEFIPREYEBNGRKEVAGTLYDPK 486
N+VGAKAR G LWAIND QCEY I PREVYEGRENGR YV TLYD +

A. t. : 394 NNVWGKARG LWAIND QCEPIPREYEGERBNGRBVPVTLYDSR 453
S. o. : 405 NTVGKAMG LWAIND QCEPPRRYEBEMRGNHTRGVAVMLYDPK 464
(V) (Vi)

VrRHL: 487 RSNI SKI ERESGVKFEHI SAPRPDDI AKAVGGEAAEMI TQV S

S++S++E+E+G+KFEH++AP+PD+1 A++ G EAAE + QV DS
A. t . : 454 KSSVSRI EKEAGI KFEHLAAPQPDEI ARSGGMEAAEKYV
S. o . : 465 RSSVTKI ERESGVKFEHLSAPQPVDVAKAVGI EAAAAI

VIRHL 547 GLTVVEXXXXRXSKXXTXSYMENITYEMTKL L L EI GKPI FTPSFAYGI LR

GL + G+TEI K+RSLLTSMENYVTL L
A. t. : 514 GLSAEVLLAKALAKTAGFTEI KKRSLLTSMENYVTLHL
S. 0. : 525 GLSAVDI LSKALAKAAGYSDI KERKSRARLGMESGSY4A/ TLLL

Figure 18. (B) VrRH1, Vigna radiata RNA helicase I; A. t., Arabidopsis thaliana
PRH 75 (AtRH7); S. 0., Spinach oleraceae PRH75.
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Figure 19. The flow chart of VrRH1 expression vector (pSC-EE3) construction. The
2168 bp coding region of VrRH1 was released from pVRH1-TE by Eco RI and Not |

digestion and subcloned to pET-28b(+) expression vector digested with Eco Rl and
Not | . The positive clone of pSC-EE3 was screened by colony PCR.
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Fig. 20. Expression and purification of His-VrRHL1.

(A) Elution profiles of His-tagged VrRH1 protein on NF*-Agarose column. Total
proteins (103 mg) from cell free extract of E.coli BL21 (DL3) carrying pET-VrRH1
were loaded onto the column and washed sequentially with 5 mM imidazole in 50
mM TrisHCl (pH 7.5)/0.2 M NaCl (fractions 1~50) and 30 mM imidazole in the
same buffer (fractions 51~70). His-VrRH1 was then eluted with 300 mM imidazole in
50 mM TrissHCI (pH7.5)/20 mM NaCl/14 mM b-mercaptoethanol / 50% glycerol
(fractions 71~80). (B) Proteins purified from each step were analyzed by SDS-PAGE
and stained with Coomassie blue. Protein peaks: 1~6, lanes 1~6, respectively. An
arrow indicates His-VrRH1 band.
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Figure 21. Proteinase activity of HisVrRH1. 5 i g each of commercia protease and
partially purified His-VrRH1 were separated on gelatin-containing native
gel. 1~4, CBR staining of differentially of different fractions of purified
His-VrRH1. 5~8, gelatin hydrolyzing activities of 1~4, respectively. 9~12,

dot blot assays of 1~4, respectively.
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Figure 23. Double stranded RNA unwinding assay of His-VrRH1 recombinant
protein. Recombinant proteins were extracted by sonication (lane 1),
pass-thought Ni*-column (lane 2), 5 mM imidazole washing (lane 3), 30
mM imidazole elution (lane 4) and finally 300 mM imidazole elution (lane
5). Panel A, the SDS-PAGE; Panel B, double stranded RNA unwinding
assay. indicates that the double stranded RNA substrates were heated
a95 for 5 minutes.
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Fig. 24. RNA unwinding activity of VIRH1. The RNA substrate was incubated with
His-VrRHL1 the presence of (d)NTPs (lanes 4-11). The products of the reaction were
separated by 8% native PAGE and the radiolabeled strand was visuaized by
autoradiography. Lane 1, the substrate RNA incubated under the enzyme assay
conditions without His-VrRH1; Lane 2, the substrate incubated for 10 min at 95

without His-VrRH1; lane 3, reaction in the absence of (d)NTP.
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Fig. 25. Effect of His-VrRH1 concentration on unwinding activity (A) and time
course of RNA helicase activity (B). In (A), various amounts of the
recombinant His-VrRH1 (320-20 ng) were used for the assay of dsRNA
unwinding activity. In (B), 160 ng His-VrRH1 was used for assaying the
RNA unwinding activity. The reactions were carried out at different time
intervals (5, 10, 15, 20, 25, 30 min).  , heating at 95 for 10 min.  E,

without His-VrRH1.
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Figure 26. ATPase activity assay of HissVrRH1 recombinant protein. Panel A, the
SDS PAGE; lane 1, crude extract; lane 2 to lane 7 indicate the samples collected from
the peaks (1 to 6) mertioned as in figure 28. Pand B, the ATPase activity assay; lane
1 to 4 as mentioned above, lane 5 and 6 indicate the 30 and 300 mM imidazole

elutions (peaks 5 and 6 respectively). C, assayed without protein.
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Fig. 27. The examination for non-specific ATPase activity. (A) Chromatography of
cell-free extracts of E. coli harboring pET28b(+) with (CE RH) and without
VIRH insert (CE RH) on Ni2+-Agarose column. (B). ATPase activity of
protein fractions obtained from the Ni2+-Agarose chromatography shown in
Fig. Il. The reaction mixture in afinal volume of 101 | contained 801 M ATP,
0.321 M [&-32PJATP 3000 Ci/mmol, Amersham , 50 mM HEPES (pH 7.5),

2.5 mM MgCI2 and 160 ng protein each from Pegksl, I, 11 and 1V.
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Fig. 28. Chromatograms showing the dependence of ATPase activity on His-VrRH1
concentration (A) and reaction time (B). The experimental details are
described in Materials and Method. In (A), various amounts of the
recombinant His-VrRH1 (320-5 ng) were used for the assay of ATPase
activity. In (B), 160 ng HissVrRH1 was used for assaying the ATPase

adtivity.

~110~



0 300 mM

Figure 29. The inhibitory effect of Li*, Na" and K" on ATPase activity of VrRH1.
Series graded (0 to 300 mM in 50 mM interval) concentration of LiCl, NaCl

and KC were separately gpplied in the reaction of ATPase activity assay
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Figure 30. The optimal pH and temperature of ATPase activity in VIRH1. ATPase
activity assays of VrRH1 were performed in different pHs ranging from 3 to 9
in different temperatures raging from 4 to 85 . The assay conditions are

givenin Maerids and Methods.
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Fig. 31. Northern blot analysis of VrRH transcript in aged mung bean seeds. Seeds
were aged at 50 and 45% RH and were taken for preparation of total RNAS, at
3-day intervals. 25 i g of totd RNAs was separated on a formaldehyde-1.2 % agarose
gel. The gel was visualized by ethidium bromide staining Fig. I, left and Northern
blotting using the 1.2 kb DNA fragment as aprobe Fig. I, right . Lanes 1-6 represent
RNA samples from seeds aged for O, 3, 6, 9, 12 and 15 days, and lanes %12 are

Northern analyses of lanes 1-6, respectively.
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Fig. 32. Effects of the accelerated aging duration on the expression of VrRH in 12 h
imbibed seeds. Mung bean seeds were acceleratedly aged for various time intervals up
to 15 days at 50 and 45% RH. Total RNAs were prepared from seedlings with
axis 0.5 cm that have been aged for 0, 3, 6, 9, 12 and 15 days, separated on a

formadehyde-1.2% agarose gd (A) and andyzed by Northern blotting (B).
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Fig. 33. Comparison of VFRH1 expression between untreated and 9-d-aged seeds
without or with imbibition. A: Twenty-five pg of total RNAS prepared from
the following four mung bean samples were fractionated on a
formaldehyde-1.2% agarose gel. 1, untreated seeds. 2, 93d-agged seeds. 3,
untreated seeds imbibed at 28  for 12 h. 4, 9-d-aged seeds imbibed at 28
for 12 h. B: The gel was transblotted to a nitrocellulose membrane and
hybridization was performed using the 1.2 kb DNA fragment of VIRH1 as a

probe. 5~8: Northern andyss of lanes 1~4, repectively.
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Fig. 34. Northern analysis of acceleratedly aged seeds after 12 h imbibition. Mung
bean seeds were acceleratedly aged under the standard conditions (50 , 45% RH
for 9 days). Total RNAS (25 ug) prepared from untreated seeds and acceleratedly
aged seeds after 12 h imbibition were separated on a formaldehyde-1.2% agarose
gel (A) and transblotted to a nitrocellulose membrane (B). 1, untreated seeds after
12 h imbibition; 2, aged seeds after 12 h imbibition (axis 0.5 cm); 3, aged seeds
after 12 h imbibition (axis 0.5 cm); 4, aged seeds after 12 h imbibition (no

germination). 5~8: Northern blot analysis of 1~4, respectively.

~116~



I 8 16 24 32 45 h

Time of germination

Fig. 35. Comparison of VrRH expression patterns during germination in
untreated seeds. Mung bean seeds were acceleratedly aged under the
standard conditions. Untreated seeds and the 9-d-aged seeds were
germinated for various time intervalsfrom 1 to 45 hat 28  and 100%
RH. Total RNASs (25 ng each) were prepared from seeds germinated for
1, 8, 16, 24, 32 and 45 h, separated on a formaldehyde-1.2% Agarose
gel and subjected to Northern analysis using the full length ViRH1 as a
probe.
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Fig. 36. Comparison of VrRH expression patterns during germination in
untreated seeds. Mung bean seeds were acceleratedly aged under the
standard conditions. Untreated seeds and the 9-d-aged seeds were
germinated for various time intervals from 1 to 45 h a 28 and
100% RH. Total RNAs (25 ng each) were prepared from seeds
germinated for 1, 8, 16, 24, 32 and 45 h, separated on a
formaldehyde-1.2% Agarose gel and subjected to Northern analysis
usng thefull length VrRH1 as aprobe.
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Figure 37. Northern blot analyses of VrRH1 in different parts of seedlings with or
without accelerated aging. Mung bean seeds aged (lane 2, 4, 6 and 8) for 9
days and control seeds (lane 1, 3, 5 and 7), were germinated for 24 hrs.
Cotyledons (lanes 5 and 6) and embryo axis (lanes 7 and 8) were collected
for totad RNA isolation. 25 [Ig total RNAs were applied for
agarose-formaldehyde gel electrophoresis (Panel A) and then transferred

onto Nylon membrane (Panel B). Full-length cDNA of VrRH1 was used as

probe for Northern blot anadyss.
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Figure 38. Northern blot aralyses of VrRH1 in different organs from generations of
control seeds and accelerated aged seeds. Mung bean seeds aged for 9 days
(lane 5 to 8) or control seeds (lane 1 to 4) were germinated for 24 hrs (lane 4
and 8) and grown in green house. Immature leaves (lane 1 and 5), mature
leaves (lane 2 and 6) and flowers (lane 3 and 7) were collected. 25 [Ig total
RNA were separated on 1.2 % agarose-formaldehyde gel (lower panel) and
transferred onto Nylon membrane (upper panel). Full-length cDNA of

VrRH1 was used as probe for Northern blot analysis.



Figure 39. Immunolocalization of VrRH proteins in longitudinal section of mung
bean seedlings. Mung bean seeds were acceleratedly aged under the standard
condition for 9 days, then germinated for 3 days. Samples were fixed,
embedded in paraffin and then longitudinal sectioned for observing the
localization of VrRH protein. Panel A, the control section without primary
antibody reaction. Panel B to F, detection of VrRH in different locations by
anti-VrRH1 antibody. Ams, apica meristem of shoat; Im, latera meristem.
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Figure 40. CM-Sepharose CL 6B chromatograpy of native form of VrRH. After crude
extraction, 40 % to 60 % ammonium sulfate fraction was dialysed against
CM Sepharose loading buffer and then applied into the column. The column
was eluted by a0to 1 M NaCl gradient (Panel A). ATPase activity assay was
used for identifying the fractions containing VrRH (Panel B). lane 1, crude
extract; lane2, 0~40 %; lane 3, 40~60 %;lane 4, 40~80 % ammonium sulfate

fraction; lanes 6 to 9 indicate Peak | to 1V respectively.
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Figure 41. Western blot analysis of native and expressed forms of VrRH. 5 [Ig protein
of activity fraction from CM-Sepharose (lane 1 and 3) and expression form of VIRH1
(lane 2 and 4) were separated on 12.5 % SDS-PAGE (lane 1 and 2) and transferred

onto PVDF membrane (lane 3 and 4). Western analysis was possessed by anti-VrRH1

antibodly.



