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Ribozyme — 17 i Ribonucleic acid # 88 M Enzyme B84 7 1M
I, SR tE A AL INEER RNA 5r T Ribozyme 2 —FI & EM, &
X ST 5791 © 2 7F Hammerhead Ribozyme BY & & 45 8 b 18 %]

AR TEHESESE T, HE Hammerhead Ribozyme ## 1k
RNAKBIIHGEREE FHMBEEH U RS R &7 B0y
P EERPBE B2, NBEAT Ribozyme B HEILHLH] , 3k
17 ER F 8% 48 I Hammerhead Ribozyme 89 5" - RACES,
HHR T ZEBAEAER TR TR, LREREN (1)
W FILHE RNA, A g B KBERARKR.S - HAMH L
AEPEHE RNAKBOHE HEYARRFAES -/, &S5
— B M R AR AT S X B, 27 — B AR BRI R B HE AR R
B RNAKBMBEEERE. (2) Hammerhead Ribozyme # 1L /K
i RNABT, RANEEE FOLM, I RNAKBIHRFT, &RE
FERGAEHBEAMB LEAMNE I, RRBE KB R I E
M =/AE N FESRP R, X EE I Ribozyme #E 1L K B#
RNARRNEBE FHH —RAERIEE. (3) T RILY
RI1S 8940 F3 800 S — e B IAR T RNA 7K By B2 & 13 L
M Hammerhead Ribozyme 3B TS #1 TS2 o # 5L aE 1k
.

AW BRI 2 B8 T £ Ribozyme B W AR B E 2 ik,
Uhlenbeck % #8 38 Hammerhead Ribozyme BEHI ) Pro — Rp S8
I T 2% P68 0 A T O T S R R N B R 1S 55 - Ham-
merhcad Ribozyme LK RNAEER B T2 BER FHNES
TSN Pro— Rp EREC A E. Z4TiEE A E Ribozyme
RERMH - TERIFEEmMBENIIAER, BITGHFHET
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RpS R R#{E SpS(Pro — Sp AR B WD TFA®/, &
BOEWMAT AR RS RYEEE THEE TAENELT  B&
AT SpS M B E, KB K R BB, W H&
BTERSHRBM PHELE —EWEERN. THERES T
RpS 1 SpS HEBME MW EEH, B4 SpS R LK BB ML,
HRETHEBEZR T RSHERBH. ZTREENITAR
% Hammerhead Ribozyme L K% RNA B & REE THESE
BT Pro-Rp ERBEAEX -SSR EEE.

Ribozyme B—F & B8 RIDAHREEME T 2 BB F1I1
Hammerhead Ribozyme N FPE5H A EMER . WELEREW: 2
hEREF AN RNA KB EIF#4 ] 2Z 5 Hammerhead
Ribozyme & R, 2 %S Hammerhead Ribozyme B 25 [R50 2
FHHRFEHEEFNEENER. BESRERM, FS
Hammerhead Ribozyme £ E R NFERITU LN ERBE T

B2 BITH LB E R8N LUT 58 : Hammerhead Ribozyme
BUKBERNAFES MU I HWEBEEF HPT -2 BE TE
{# Hammerhead Ribozyme fT B RIFEW =ZF LM T EE/ER, 5
—ESRETFECUESRERARANE L AMERE RN
B {E .. Hammerhead Ribozyme B~ 4B EE,



Abstract

The word Ribozyme derived from the words ribonucleic acid
{RNA) and enzyme, and it denotes an RNA molecule with cata-
lytic property. Ribozymes are recognized as metalloenzymes. Al-
though X — ray analysis of & Hammerhead Ribozyme identified one
potential catalytic metal ion, the exact numerber of metal ions
required for catalysis and their roles in catalytic reaction remain ob-
scure. En order to examine the number of metal ions required for
calalysis in reactions catalyzed by Hammerhead Ribozyme, we syn-
thesized, for the first time, a natural all — RNA substrate that con-
tains a 3 — thio — leaving group at the cleavage site and performed
detailed kinetic analysis. Our results powerfully demonstrated that
the attack by the 2" —oxygen at (17 on the phosphorus atom in the
hydrolysis of RNA is the rate — limiting step only when the substrate
contains a good 3 — leaving group; the departure of the 53° — leaving
group is always the rate — limiting step for normal RNA no matter in
enzvmatic or non — enzymatic system. Moreover, our kinetic analys-
is revealed that Hammerhead Ribozymes exploit the general double
-~ metal — ion mechanism of catalvsis, where the metal ions are coor-
dinated directly to the artacking and leaving oxvgen. This is the
first demonstration of double — metal — ion catalysis in reactions cata-
lyzed by Ribozymes, and a similar mechanism may be operative in
other Ribozyme — catalyzed reations. In apart form above conclusion
we have quantitatively described for the first time, the relative ener-
gies of RNA hydrolysis and estimated the effect of Ribozyme to

make active hydrolysis.



2 Abstract

Thio effect is an effective way to elucidate the role of divalent
metals in Ribozyme reaction. Thio substitution at the Pre — Rp oxy-
gen of the cleavage site of a Hammerhead Ribozyme substrate result-
ed in a large thio effect that was relieved by replacement of Mg®™ by
Mn®*, which has a higher affinity for sulfur than Mg®" . This ob-
servation lead 10 the general conclusion that a Mg®" is directly co-
ordinating with the Pro — Rp oxygen. In this arrangement, the
bound metal ion act as an electrophilic catalysis and the proposed
mechanism is very attractive for metalloenzymes. In the course of
quantitation of the rescue capability of Mn*" in thio effects, we ex-
amined two epimeric thio substrates, RpS and SpS, in that either
Pro — R or Pro — 8 oxygen at the cleavage site had heen replaced by
sulfur. In agreement with the previous observation, RpS was
cleaved much more slowly than SpS in a solution that contained ei-
ther Mg®* or Mn®" , and Mn®" could rescue the lower activity of the
thio suhstrates. However, the magnitude of the rescue provided by
Mn®' , and Mn** could rescue the lower activity of the thio sub-
strates. However, the magnitude of the rescue provided by Mn**
was identical for the two thio substrates, RpS and SpS. This obser-
vation strongly argues against the generally accepted mechanism of
the direct coordination of a metal ion with the Pro — Rp oxygen of
the cleavage site of a Hammerhead Ribozyme. It is, thus possible
that all Ribozyme cleaves RNA without the assistant of divalent
metal ion by way of binding to the negatively charged nonhridging
oxvgen.

Hammerhead Ribozymes are divalent metal — dependent enz-
ymes and the roles of metal ions were evaluated by titration studies.
The titration results showed that the divalent metal ions are not only

important as the true catalysts to cleave RNA but also specific to in-



Abstract 3

duce Hammerhead Ribozyme to promote a proper folding — its active
conformation. Monovalent ions could not display structure role -
stead of divalent metal icns on Hammerhead Rihozyme, but they
could competitively bind RNA and change the structure of Hammer-
head Ribozyme into its inactive conformation.  Detail kinetic analy-
sis revealed that more than & metal ions are required to initiate Ham-
merhead Ribozyme — catalyzed reaction.

In conclusion, Hammerhead Ribozyme requires more than & di-
valent metals to initiate its catalytic ability. Among these metals
some take the structural role such as folding Hammerhead Ri-
bozyme, some take the functional rote as divectly binding to the at-
tacking and leaving groups but not the nonbridge oxygen to stabilize

the transition state.
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Hammerhead Ribozyme 2 K SRFL RN —FFIH REHINEEE
RNA, T 8545 5 i fE 4h /K RNA 72 F . B Ribozyme #EK &R
BTSN AR B R BT A T R B H, e BV R R &S R
Wi ME2HEBETERREBRMEN. B, X HRRBIEH
ST & 248 5~ B Hammerhead Ribozyme B = 4 &5 ¥ B #7
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BETESNMMETFEAER . AT X HERKPEGFHEDF
B, AEEERRT Hammerhead Ribozyme fF B HLH , 7 Bt L 16
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EyhEBFERE R, AREOHBEEN, AFEIBIAR
REMAEAFRKE L, BLET 80 LA BE R 5,088 m

20 42 80 & R B H AL HE Y RNA(E R Ribozyme)
FIAR,EETAmB 20— BRM, B LITE AR
BARMEERS, MW B A4 G M BB IRR 7T 08 ik
. E RSN RRETRN SUERSRAGNERR RERHEAY,
FHTEM BT, Ribozyme AR E HE LE LBIE
FFE BRWILIR, B A Cech M Alliman fF Ribozyme & 3l {X &
NEEJG B 1989 R ER T 3 NURIL# %,

Hammerhead Ribozyme £ Z 45 KN BB TESETRR
T T8 KB RNA /bRy REHE B AR P, S W THY
H7E N D2 RNA B3 E #la 8 U . Hammerhead Ribozyme
B = SRR — R A% 2R R TR R PR A O T R B PR RS AT
(B 1 — 1), Hammerhead Ribozyme ## £ RNA K 8 5 L i 7
FAEK R ARALAT — D4R BR ) BRI T S T BRSO GUC B, K@
RS . RELEH KW, Hammerhead Ribozyme -5 & £,
R A B o] BRE B O R BRI R R B, W SRR R TE AR D O
KBk U7 5b, 8 B0 F 0B Ribozyme W EERBKT 7
Hammerhead Ribozyme B M 9, Mz 43 &+ JLF B8 B
AR R AR HEN AR, Ntk T E A e et R,
Uhlenbeck!™! . Hagseloff 1 Gerlach ' ¥ X SR 7E 75 89 )M X, Hammer-
head Ribozyme Il TR A RKAE RNA 4 T (B 1 - 1), ATIREE
MAREBREERINERKITAY. FEMA T Hammerhead
Ribozyme MRV I E1E 158 &~ H AU T IR kR g,
FIE R A AT EAESEFEAMAREKRATREGE .

Ribozyme RI{I BIHL BN & MEE FH{EH
Hammerhead Ribozyme 4L RNA o F /K8 , 90 E] iz 558 1 8



