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1) Comparison of substrate base sequences for RNA-
ligase reactions in the synthesis of a tetradeca-
nuclﬁggide corresponding to bases 21-34 of E. coli
tRNA

E. Shtsuka, T. Doi, H. Uemura, Y. Tanivama &
M. Ikehara (1980) Nucleic Acids Res. 8, 3909
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2) Modﬁg%cation of the anticodon triplet of E. coli
tRNAf by replacement with trimers complementary
to non-sense codons UAG and UAA.

E. Ohtsuka, T. Doi, R. Fukumoto, J. Matsugi &
M. TIkehara (1983) Nucleic Acids Res. 11, 3863
(E‘ ol tRNA 0 P> Fab> b7 Lo b $r 2P UAG, UAAIE BT ars)
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3) Replacement and insertion of ﬁg%leotides at the
anticodon loop of E. coli tRNA by ligation of
‘chemically synthesized riboolionucleotides.

T. Doi, A. Yamane, J. Matsugi, E. Ohtsuka &

M. TIkehara (1985) Nucleic Acids Res. 13, 3685
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4) ModificatioMe%f the amino acid acceptor stem of
E. coli tRNA by ligation of chemically synthe-
sized ribooliIgonucleotides.

T. Doi, H. Morioka, J. Matsugi, E. Ohtsuka & M.
Ikehara (1985) FEBS Letters 190, 125
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5) The in vivo stability, maturation and amino-
acylation of anticodon-substituted Escherichia colil
initiator methionine tRNAs

H. Grosjean, S. DeHenau, T. Doi, A. Yamane, E.
Ohtsuka, M. Ikehara, N. Beauchemin, K. Nicoghosian
& R. Cedergren (1987) Eur. J. Biochem. 166, 325
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1) A new method for 3'-labelling of polyribonucleo-
tides by phosphorylation with RNA ligase and its
application to the 3'-modification for joining
reactions.
E. Ohtsuka, H. Uemura, T. Doi, T. Miyake, S.

Nishikawa & M. Ikehara (1979) Nucleic Acids Res
6, 443
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2) Total synthesis of a RNA molecule with seguence
identical to that of Escherichia coli formyl-
methionine tRNA. :

E. Ohtsuka, S. Tanaka, T. Tanaka, T. Miyake, A. F.
Markham, E. Nakagawa, T. Wakabayashi, Y. Taniyama
S. Nishikawa, R. Fukumoto, H. Uemura, T. Doi, T.
Tokunaga & M. Ikehara (1981) Proc. Natl. Acad.
Sci. U.S.A. 78, 5493
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3) Chemical sypfhesis of the 5'-half molecule of
E. coli tRNA. Y. :

E. Ohtsuka,“A. Yamane, T. Doi & M. Ikehara (1984)
Tetrahedron 40, 47
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E UAGE Uooucs  pGECUp UAGC  plCGUp oLGGGLUp
o b 3 2 & -7 10
“eogectta e’
UCGUCGGECUp UACCUCEUp
GUCGGTq’c g 8
Cu. Wy | ¥ I
Aa N, WU pUCGUCGGECUp YAGCUCGU
¢ 5 g
T i
A VAGCUCGUCGRECUD UAGCUCGUCGGELUp
& 1 route 1 ' -1 route 2
A @ Synthesis of 26mer (bases 35-60}
¢
A CAURAC pCCGAAG  GUC pGUCGE  UUC pAAAp
¢ 1 2 4 5 7.8
e e I T d | S—
g CAUAACDCCGAAG 39% GUCpGUCGG 40%  UUCPAAAp 56%
£ 3 & 2 '
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- Reaction conditions for joining

acceptor donor ATP -RNA ligase time Peactlon)Yield
nmol {pM]  nnol {uM} BN lunit/ml] hr extent®

% %
UCGUCG (3) pGGCUp (2) 333 250 1 15
12{100} 20[167} .
UAGC (§) PUCGLCGGRCUP(S) 200 180 2 27 11®
1.2{240] 0.4{80} '
UAGC(6) pUCGUD (7} 200 1o0 " 3.5 88" 71
30{150} 201100}
UAGCUCGU(g) pCGGGCUD (10) 200 214 2 52 312
71100} = 8{114})

Incubation mixtures contained 10% DMSO and the temperature was
25°,

a} Estimated by homochromatography.

b) The compound was isclated after kination.
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Pu purine
D 5,6~dihydrouridine
T 5-methyluridine
U pseuduridine
U 4-thiouridine
Cm - 2'-O-methylcytidine
G 7-methylguanosine
ta N-[9- (B-o~ribofuranosyl) purin -6-ylcarbamoyl]-
ia 6- (a* ~isopentenyl) adenosine

P.N.kinase polynucleotide kinase
BAP bacterial alkaline phosphatase
ARSase aminoacyl-tRNA synthetase
Met RSase methionyl-tRNA synthetase
Gly RSase glycyl-tRNA synthetase

EF-Tu elongation factor Tu
BSA bovine serum albunine
Tris tris (hydroxymethyl) aminomethane
HEPES N-2-hydroxymethylpiperazine-N'-2-ethanesulfonic
acid
TEAB triethylammonium bicarbonate
DIT dithiothreitol
g-ME g-mercaptoethanol
EDTA ethylenediaminetetraacetic acid
NTA nitrilotriacetic acid
TCA trichloroacetic acid
DMSO dimethyl sulfoxide
- SDS sodium dodecylsulfate
TEMED N,N,N',N'—tetramethylethylenediamine
X.C. xylene cyanol FF
B;P.B. : bromophenol blue
p
PEP paper electrophoresis . , ,
PAGE polyacrylamide slab gel electrophoresis

PACE(disk) polyacrylamide disk gel electrophoresis
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ﬁﬁﬁ“'ﬁzi&%«%i?ft/Zr a’
/. DEAE-Sephaden A-2% (CPD\7KI$-M)

TEAB&WH;M 63M b I M%FT WJZWM@WM
TRBA =, |
2. DEAE- Scphaden A-25 (@09 % 18 o)

TEAB buffer 03 Y 0.1 M FT tlad 200wk & grasiend

__60____




T%h | 1=
3. Sephaden G-25 (PLIx boom)
4,89, 0,11, 12,13, 4,

Sephadex G-50 (Po.qx 30cm )

5. DEAE-Sephade A-25 (0.7 20cem)

TEAB buffen 0340y 04M 37 toted /ol & W z"
B L T |
b. DEAE - Sephadsn A-25 (R o8 Xlbew) S

TEAB buffer a3 Hny 0.8 H 77" Teled 2000l o grodeent 2"

Bhl 1=, ,
7. VEAE- wwm(veza) (®odxlbom)

TEAB buffer ol M8 0.5M 37 Tl 5wl 0 Jrodkend T
BH| 1<

° ﬂ,:.gpfni«v\

Risk &, BB K3 20K, Bufer s wthed 1=
Tty RNALGace TR 2 2 i 1= bo%c, 5/ATE prekeat | s
Yl e fm R F1h e 7 7. |

I, 2. 20% PAGE (dick), %2 BR 407, a:°> ,,.Lﬁaonfa/ﬁ
T 799733 > &l |

3. DEAE- (lluboes (DE 23) (P 0.6 x IS o)

TEAB budfer 03U 235 | M 3 T Totad 200wl & radeend T
/%\31(1'

4. 20% PAGE (dik), %BR 407, a:‘*n%»ﬁ éod/f.z
77 9 ¥ a /'&%{J‘)f’,

_.61._.__



Acceptor Donor ATP RNA Ligase Volume Time Yield
_{pM) (pM) (uM) (units/m1) (p1) (hr) (%)

1. UCGUCG - 100{pGGCUp 167|333 250 120 1.0 4

2. UAGC 240 |pUCGUCGGGCUp  80{200 180 5 2.0 119

3. UAGC 150 | pUCGUp 100}200 100 200 3.5 71

4, UAGCUCGU 100 |pCGGGCUp 114|200 214 70 2.0 31%

5. CAUAAC 1000 |pCCGAAG 100{200 . 100 80 1.0 39

6. GUC 2000 {pGUCGG 100{200° 50 1730 0.7 40

7. UUC 400 | pAAAP 2001400 100 165 1.0 73

8.-GUCGUCGG 150 |pUUCAAAp 100]200 140 320 1.0 36

CAUAAC- pGUCGUCGG-

% “cceane 150 LUCAAAD 100{200 115 12 1.0 52
10. UCCGGC 24 |pCCCCGEp 10| 40 50 2500 2.0 33®
11. UCCGGC  132|pCCCCGEp 100|200 100 280 2.0 65

UCCGGC-
12. CCCCEE 101 |pAACCAp 116229 114 70 3.0 38
CGCGGGG- pUAGCUCGUCG-

13. UGGAGC- 74| GGCUp 111{227. 535 12 2.0 31?
AGCCUGG ,
GUCGUCG- pUCCGGCCCCCB- - N
14. "aoucana 299 | canceap 125|200 150 20 .2.0" 82

CAUAACC- pGUCGUCGGUUC- ,
15, CGAAG  159| AAAUCCGGCCC- 100{200 153 17 2.0 32

CCGCAACCAp
(%3] $-&» ugax“m' @) kinationth o PHEY2
b) BAPROR 1 o HEE U

5. 20% PAGE (diak), %8R 32V, A°>7°%& dowl/r

T 72933 s %nt,
6. WHA TFET DEAE-Sephodern A-25 (Po.3 x3%um)

Nall oM =5 0.5M 2T totald 80wl & W(WMM

TrsHL GHLS)THZTF ) 1" BH | 1=,
7. DEAE-Sephaden A-25 (Po6 x 18 om)

TEABW o3MnG [ M2 T WZ@M@ ;/LaMz"

/%"& l Tz

_51.+_




8. 1) wwa 1372 T DEAE-Sephadex A-25 (P o3 x docm)
Nalk 0,26 M 935 065 M %Z“W [20mf & $radiend (sD
mM Teis HR (pH2.5) T3 F) 54 | .
2) 20% PAGE (dik), %8 400V, A5 750E 54wl
TI177 3> e Ente, oo B 1T 24% 7%
1=,
9. 20% PAGE (dick), RZEB%E 300V, 74°>73HR 44w/
T 73 7ya>eEnt.
10,12.  Sephadex G-50 (Po.? x §2cm)
H. wWUA T3 2T DEAE - Sephadex A-25 (@03 x 43 cm)
Nalk 0.2 %4 016 M 3T Aol 160wk & graciesd (;o
wmM Tris H (pH 2.S) 342 F ) " B | T2
13. 20% PAGE
4, s«/?kmbzx G-50 ($o94x82e~, Pl.0xq0cm)
5. Bio-gek A (6.5m) (20~ 4oo maek) ($0.7x Tlemn)



% %0 E8R

[ kl

RI&, ﬁ%«%eﬁ4rmtﬁo

I<60°C 5/3pdl prebest | Tz,

PN, kinace 72 23 B

Substrate [¥2bJATP PN. Kinase Volume Time Yield
(uM) (uM)  (units/m1) (u1) (min) (%)
1. CCGGCCCCCGL- : :
AACCApD 94 150 150 40 80 99
2. AUCGAAACCGGC-
CCCCGCAACCAD 100 200 250 30 75 83
3. (43mer)p 100 300 100 12 45 55

(%41 $=F a feonalion

HEF TN Sephadek G-50 (§ 0,95 300m) 1=

o Ligalien

Ris%k%, ?%%$€ﬁ5V1tﬁ

1< go°C 5/ppd prheat | o,

J:I} fT’J; T=e

RNA Ligace & 119 2.3 B

Acceptor Donor ATP RNA Ligase Volume Time Yield
(uM) (LM) (uM) {units/m1) (p1) (hr) (%)
1. AUCGAAA 200 [pCCGGCCCCCGC- 100 | 200 100 32 2.0 87
RACCAp :
2. CAUAACCC-- pAUCGAAACCG-
"GAAGGUC-148| GCCCCCGCAA- 100 | 200 100 21 2.0 60
GUCGG . CCAp
3.5'H 79 |p(43mer)p 391 94 122 16 2,00 9%
[%gb’] %:_.’%‘m l)}aﬂ»‘o‘n ‘ a) BAPRRR{% n BB E

— b4 —




Bileo 535 AV AR E 7T,
. Sephaderx G-50 (Po.f X 74 e )
2; 3. S&pk&ol-w( q-’lo'o (¢D\7x 90M)

° E.wli tRVAY o RNase A 1= F 3 T2/ Fl >

o (%%, = Eoolt ‘t(WAfM 1,05 Azto

15 : Tris HL (ph7:5)  50mM

. ﬁf:‘ {i '/Q\BSA"& /'7'0/41. mzZ, H}az P (0:,1
R bufper (FomM TrisHU (pi 2:5), Riase A 2514wl
omid Hyla) T AE & 300l I2 foopk
P 4 oncubale ot 0°C for 30min.

WEL, =F9ic A7 /-1L
( DuM Tris HR (pH%5) Aige) T TR
$> 27 LT (28) K DM TrisHR (pH25) T eti e 2R T
Tv, KBz 2-F0 T 2043 =1k 27/ - ILLFL *
{778, T=o B % 25 1= EhoH: Era0 = (1] BRI, T 1§,
ZH 0% PAGE © 5'BIFm e YBFmFeREE LT,



EEE PR

o kinalivn :
Ric-H1%, Bt kb 71 1=
Substrate [¥2bJATP PN. Kinase Volume Time VYield
(uM) (uM)  (units/m1) (u1)  (min) (%)
1. AACCAp 167 133" 173 30 60 50
2. GACCA 100 157 167 30 60 70

(% 6] %2k o feinalion

Bt o 4% 77,
[, Sephadex G-50 (0,8 230m)
2. ,Sepkowl.ux G-25 (P1ox2bem) -

] ﬂiﬁzz'
Rk 14, BRRFLRT R T, RVALgace &9 2 3 i
12 bo°t S/PR o proheik % (T2, I,

Acceptor Donor ATP RNALigase Volume Time Yield}
(uM) (uM) (uM) (units/m1) (p1) (hr) (%)
1 72mer 50 [pAACCAp 156 {1250 212 16 2.0 16
2 72mer 50 |pGACCA 13111250 212 16 2.0 30

(&1 $=Fa l}gaﬁ)m,
Vit {7 0% PAGE I= F Y 1778, T=.

- @Ay Eggatic iz F b 3Fah -5
59»%/;[ 5 a FE7 81178, T2

—_— b —




nukeane S1 2058 F1) 155 0T Ewld tRAD o 3 Eth s
4 BEBEINTEAT (BAp uwit)t SouM BEEIT F 1 YO
(pH52), 0,8uM NaIOg B (1A wolume bopl) EET, 4
2o R\ B EmkEa 2,3 do- el SHIH =, Ris
Yo Bo osH 0] - R sz BET 4% oSBErA R |

| & Nal0e & B354 | Tee  EtoH BBR &, 36 1-RE
© BhoH T 3%, =1k ML, 2k 025 M Lys-HU (n9.0)
e 2 kT, BB(~2C) 35 RIC | =0 RAC(E Lo

[ M AcONa (pr4.6) 2922 EAOH IR B 2fT7¢ v Aeel | 1= &

BL ¢ BAOH VL v BiYE| =% BAPR2 e | Aifho /) > BhE
BRE\ T2, B 2>02 714 0% PAGE T B8\ 1=,

EED B [5-7Plplp ¢ RNVA LgoeR I= F 25 wumgle addition
(= 89 3EBHe IxiLeBAl, 2o DT e 0% PATETE
%ﬁ(, RNuse T2 ¢ /21788 | =, SPERBE GRS (pH3.E) = FY
G A e L2 BLi1anZiho CHRRETIE 2R
% 1=, | |

@ T3/ T tRNA - EF-Tu - GTP 3'@7‘%55“6"’?“”{”
G-tov & B« 1z aeansy
EF-Tu o 7B1Es B2\ 1%, %= 7 T %1% ¢ =@ RLHT

R T, T

Sephadenx G-1oo (F baffer (50mM Trnis HR (pH78), 50w
NHq»(ll (OmH M? (OA:),_, tomM WM, /o.«ﬂ GTP)
TR | 1 23 7220t appli {5 BIU buffer T 0B
Bl1, £BKr777%3a > % soopk /93 TESE i%,

_;.57___



2B YA F KA1 7% 7%3 >% 77R705-

Trns HWR (pH7.8) 50w »
. MgloAcn 10mM 1= R B\ BNy,
“NHa (£ - 150mM _
mencaplocthomel 10 mM _ CT>%>25L-9-72
- TP . 30t .
phevphoConat) e ‘33"‘;‘ 1y » e #B%E | 1=,
plmhmxt feimale N .
EF-Tu- GDP 6.3 (3opmat) NI S AT Val—tkNAw
308 GREAETERTE, Mek-

¥ incwddhe ok 30°C P 30mim, Mt ot .
} odd [t ek~ A o [ lcougd VA F AR T
o [¥C]- MA-tRNA (GACCA), 5~ (o pmel
| meubate ot 0°C for Smim.
¥ g {lnation on Sephadex G-10v
of 4% (R0.7x tbem) '



Fokaog g

° kinalion
Rk, B@udeke 251 T,
Substrate [¥3b]ATP BN.Kinase Volume Time Yield
(uM) (um) (units/ml) (p1) (min) (%)
1. 3'Hp 67 100 67 120 120 56
2 3'Hp 78 117 122 50 70 85
[ 3. CAUA 150 100 50 100 90. 59 .
{ 4. CAUAAp 99 150 99 80 90 . 63
5. UCAU . 100 100 50 300 180 56
6. ACAUp 106 83 37 141 60 47
7. GCAUp 100 78 87 150 120 . 83
8 CCAUp 120 90 90 - 167 120 93
9.UUCAUp 104 80 80 125 120 89
10. CAA -
11. CAC
12. CAG ,
13. CAU 0
14 GAA > 340 260 180 50 90 dg
15. GAC :
16. GAG
17. GAU

[%8] FmF o kination

Yo SARWEG 2T T

112,%,9. Sephadex G-50 (Poagx23om)

3. PEAE-Sephadan A-25 (P o5X fon)
TEAB buffen o.ZHﬂ\e 0T FT totul foud o pradiend 2
BT,

5, lo. DEAE-SqAaM A-25 (Po.Sx o) |
TEAB buffen 024975 0.T M 37 Tlad boud o pradiend T
BHl T

— 49 —



6, 11,12,14,15,16,17.  DEAE-Sephadex A-25 ($ 05 x bom)

TEAB bufber 02M 035 0.8M 3T Btad boml o pradient 7

Hd | 1=,

7, 8. DEAE- Sephadex A-25 (®0.5X fom)
TEAB warM 0:3M0v5 0.9H F T Tolad éowea,ya.aM z"

/%‘ﬁ:\ l Tz o

l3.v PEAE- Sephaden A-25 (P05 x bom)

TEAB bw%m »o‘u'w\g' 0éM 3T y 7Y 4 éou_/eas ?/MM "

j‘féﬁﬁl 1=,

o ,@Lgaxvvn
B4, FHBELERI =T\,
ic go°c, S pfl preheak | T,

RNA Ligane & 72 2 3 B

Brr TN T 0% PAGE = 4 117, T=.

o T3/ T 3R (Kn, Viax atticds )

i 1A% 0% =,

tRNA o %35 CCATLH © 151B |
5%, [C]-Met 02T RIS | 1=

Riois 0 20P2 17 wmethod 12383\
HiL L Bl-=if7, 7=,

— 70 —

‘tWA OdS~ 2.0,«“
CTP . 0.8 wmM
ATP 4mM
HEPES-NaoH (yH8.0) loowmM

: HzCOAL)z tDm:
[0 wl

kel 10mM

E.wls S-100 1 wald

Yoncubate at 37°C for 30mun.

VReat ot |o0°C For Zumim.

['QC]- Mok ‘ 18pt4
E, ol 8-lo0 05wy fud

lore

¥ neudale ot 37°c ‘Eo-\_zow‘n.



Acceptor Donor ATP RNALigase Volume Time Yield
{uM) (pM) (pM) (units/m1) (u1) (hr) (%)
1. CAUA 1425 |p3*Hp 95| 250 143 40 2.0 4
2.5'H 66 |pCAUA 66| 133 108 80 2.0 11
35'H 100 |pCAUAAp 125{ 300 100 40 2.0 20
4.5'H 80 {pUCAU-  167] 300 120 100 2.0 16
5. 5'HpCAUA . 30|p3'Hp 120] 480 241 25 2.0 42
~6. 5 "HpCAUAA 50 {p3'Hp 125 875 376 16 2.0 40
7. 5" HpUCAU 75|p3'Hp 156| 938 375 16 2.0 49
8.5'H 100 [pACAUp  125] 500 130 40 2.0 25%
9.5'H 100 |pGCAUp  240| 500 130 40 2.0 239
10. 5'H 160 |pCCAUp  200{ 500 173 40 2.0 25
11.5'H 100 |pUUCAUp 200] 500 173 40 2.0 25
12. 5! HpACAU 63|p3'Hp 12511250 376 16 2.0 15
13. 5" HpGCAU 56 [p3'Hp 12511250 376 16 2.0 7
14. 5'HpCCAU 50 |p3'Hp 12511250 375 16 2.0 21
15. 5' HpUUCAU 50 |p3'Hp 12511250 375 16 2.0 30
16. 5'H-1 67 |pACAUp 400] 670 201 30 2.0 30
17.5'H-1- 67 |pCCAUp 400} 670 = 201 30 2.0 25
18. 5'H-1 67 {pUCAUp 200{ 670 201 30 2.0 5
19. 5'H-1-pACAU 60 {p3'Hp 96| 200 344 10 2.0 17
20. 5 'H~1-pCCAU 50(p3'Hp - 96} 200 344 10 2.0 17
21. 5'H-1-pUCAU 10 {p3'Hp 481 200 344 10 2.0 21
22.5'H h pCAA 17
23.5'H pCAC 17
24.5'H pCﬁG" 300 10
25.5'H pCAU 22
2. 5'H > 67|0Gan [ 433| 667 200 30 2.0 3
127. 5'H pGAC 12
28.5'H pGAG 13
29.5'H J pPGAU 28
30. 5'HpCAA p3'Hp 7
3L 5'HpCAC p3'Hp
32. 5'HpCAG p3'Hp
33. 5'HpCAU p3'Hp
34. 5'HpGAA r' 13 p3'Hp 3} 600 300 3 2.0
35.5'HpGAC p3'Hp
36. 5' HpGAG p3'Hp.
37. 5'HpGAU 1p3'Hp J

[:%ﬁ?f] %ﬁuﬂ%ﬁﬂa lk?atun\

4) BAP ZazBik o ? Rlygte

— T —



° tRNA,r o RMase A 1= F % $RB/75%
b= o R U3E | £ L7 ) 1T, T

‘ )
s Fu i LIERA

Jev-i T Hitvite, T £RVA xr

Ricih Rieke2%4l, — ﬁ:ffiﬂmwm) Yo w1
KE %a %3 JTRNILI- 2 5 IK“ toctharis? ot
FU AF 1250 Soum CusOe-  ATP H
0:3M Tris HR i 2:5) SBfe s ow 2, [el-tet e
31°C 10 /BP8) Rie \ 77R741L 7~ Eowls §-4o0 Imafd
c A% b\ Bu T7RZ0I— 15 . o opd .
KREXTCA Bl oamzm, - eddle a7 o Tons

R BAOH-BD (131, %) R 7 S48 2m3\, Btk Fz
>hy2FL-F- vAV 2BVl e CuS04 202 1= 51
fMet- tRNA 17 deacyf 4 T qurf v o7 Mel- HRNA 17 deacyf

IC3IN3 20V (wSOaRFELITH, who AT ¥ o 4770
N, XNy v FEHTIHE Rl LieadpFe (T
7T Hb | 12,

CHRY -k Ta wkl\/A 4 'tEAIA ﬁ}éii‘p’ﬂ

Nowberg & o K387 1< F) 1T tRVA oM
. mRNA 28 uM
"¢ T HRY - & 1F Bl Al Tris HR(pH7:5) o.M
CTEOWEL Y R I o
ATP ¢ PN kinaaz 12 FY) F ~ab (T Bk nikvoont 3080708 /.i,;n
20

TVA & Bl e n R 5T R L T=, mendale ot 25°C for 30min,

_— T2 —



MEVA L LT FHR-2Rv T,

Rty ¥R buffern (01 M TrisHL GH 25 ); 20mM Hgload)s, spnM
K)z 5ol ez AT NS - TRBI =, Bffa buffer
2wk T 3E) ALI-2EF| =ik K, Pz k3> F
L-JF-7Ta%> F 2B %I 1= -

RBE9 1 FrAD > F e B 1317 Eald tRVAT ¢

AT & REBYERE loZ & |, 20t hoa®GRavSAe T
l T2

W3V BB - T2 tRVAT o S'BI ¥4 5 0 3/ F k- BA
bzdo RBECILE | F IR, T
bR %453 o oo r »I23 01t Riefieh
o VBIEA 3 LN L CRNA 0 ZRBE L F € 114 Brnl T-,
(3BI¥ AT T 10% PACE T S'RI¥MT ¢ Zicth/aRETE 5,)

o Xomopuo fatvio oogle ~ o miers Cujection” (@ 50)
PIGgAYAHELEY BT LB Barth plutin™
( 2uM Tris HQ (pH26), 89l Nall, [mi KU, 0,33 mM Ca(NO3)z,
04t (alle, 0:32wH H§S04, 2.4=HM MaHCOs , 0.0] 3/L pericilling,
ol y/h 4‘&%'“705%@) w1 e>€s Fr Ay THREBIE (=
GEEL, 20 acblion B 26¢ F oapedtion % {179 3 UIR15
| &, | -
TP Injedtion & 11725 BRIk 13m0 vpm, S
N odued 2 PEE | 1=, (24 70N F 0232 4 %’fﬁ("f:

— 73 —



m) | st x Az
AREAIZ & Poath pelution o

XNy - LR, | 4
itz 723 SRR
o $BRE 1 oul T'o bagedd

[ Teo ( | 9P G SAREH 1= 1) 00025
prnl 0 LRNA % iajeck [Tce)
ekt 2o N2z FR7F
2 = 7" (I.5wl) = §1f) » AR4 |
Be Baath solalion £, 207 RSy
T A Fa - b, NS

I§704>3%73aY

II 3/ 7/ 24’/ 4’&, 72 H%m %M{'

M f>Fa N - Hig Buth l
wellion L1R1, 1'% 2 B THH | 0/4 o
HEBRLE HERY | 2o Buffen A7 - |
(0.2 NaOAc (pH@S), (OmM '

Hylla, Lt EDTA, 2% SDS(%)
20l ¥ B o1z PL ameperd | Tzi - 7R RTLOL=

[ 2| % (02M NeoARAR2) 2000k VP 5> 427 | T

Tz ! — LHBE £13v 0 SPS LD buffen lov,d 2 Firtdh
l, Brew KB Bron 7oplme 2 BhoH AL ©1T78> 1m0
SRBLE Efor:odM MaoAcGHSY) = 4: | Bk A | B
L =1% 10% pAGE \= apply | 2o -

(30 50] ARESEAE e ricro i jelion

—_— Ty —



2% 028

o kinalron
Rivki, BHRFe KiorF T
Substrate [¥2pJATP BN.Kinase Volume Time VYield
(uM) (uM) (units/m1) (u1)  (min) (%)
1. cAUp" 250 150 75 200 90 47
(2.3'Hp 81 119 81 62 90 44
3. CGUCGGGCUCAUp 100 334 100 100 90 80

| [%&io] $2Fa kinalion
Bigo 7% B Rt E 7T,

1, DEAE'SePImM A-2¢ (4‘{0.5’)‘6&4‘-)
TEAB buffer 0.3M 9% 0.8 M 37 Lol bord o pradiend

CTEE T, |

z, 3, S*f“"""’“‘ G-50 (9o 8x 23cm)

o Ligalion |
Ricki¥, PRERFeRUIEFI 120 RVALYaces 22
Bl boc S/ prekeal | T
L Py P AT SR
1,2,%5,6 lo% PAGE
3, 4. Seykadx/x G-50 ($0.7x 7ocm )

—_— 7 —



Acceptor Donor ATP RNA Ligase Volume Time Yield
(uM) (uM) (M) (units/m1) (p1) (he) (%)

1. 5'H(Gly) 100|pCAUp 200{ 400 100 70 2.0 7
2.5'H(G1Y)= 3ylo3vy(Met)p  138]1000 375 16 2.0 2

pCAU P eL/p :
3, CGUCGGGCU 67 |pCAUp 771 267 113 300 2.0 25
4. CGCGG 300 | pGGUGGP 150 400 150 200 2.0 33
5. CGCGGGGU- pCGUCGGECU- |

o 200 (P 100| 600 260 50 2.0 20
6. CGCGGGGU-

GGCGUCG- 75{p3'Hp 150{1000 340 10 2.0 3

GGCUCAU -

[&1] F58 o Lgalion
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