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Design of Hammerhead Ribozymes that Cleave Murine Sry 
mRNA In Vitro and In Vivo 
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Abstract. As the first step in investigating the possiblity of applying ribozyme technology to artificial 
control of the sex ratios at birth in farm animals， where the demand for females exceeds that for males， 
we designed a hammerhead ribozyme (HHRz) and 2 tRNAvathammerhead ribozyme complexes 
(tRNARz3 and tRNARz4)， and examined their effects upon murine Sry mRNA in vitro and in cells. 
We demonstrated that HHRz紅ldtRNARz3 could effectively cleave the target Sry mRNA in vitro. For 
the purpose of experiments in vivo， HHRz was cloned into the highly efficient pUC-CAGGS 
mammalian expression vector (pCAG/HHRz)， and the tRNA ribozyme complexes were cloned into 
the pol III promoter-driven pPUR伊 KEvector (pPUR/tRNARz3 and pPUR/tRNARz4); the ribozyme 
vectors were co-transfected with the target vector (pCAG/Sry). A suppressive action (up to approx. 
60%) was confirmed for pCAG/HHRz and pPUR/tRNARz3 upon the transiently expressed 
exogenously introduced Sry in恥115cultured cells. 
Key words: Gene silencing， Hammerhead ribozyme， M15 cells， Sry， tRNA-ribozyme 

臼臼ntiおser附附帥h加nol叫l
for artificial repression of gene expression in 

cells [口1，2勾]. In recent years， however， new 

approaches to the task， using ribozymes [3-8] and 
RNAi [6， 7， 9， 10-12]， etc.， have gained increasingly 

(J. Reprod. Dev. 52: 73-80，2006) 

strong impetus for research. The present study was 

initiated as the first step in investigating the 
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possibility of applying ribozyme technology to the 
problems encountered in artificial control of sex 
ratio at birth by silencing Sry， the sex determining 
gene [13-16]， in farm animals， where the demand 
for females exceeds that for males. 
So far， 2 types of ribozymes， i. e.， hairpin and 

hammerhead ribozymes according to their tertiary 
structures， have been extensively investigated and 
shown to be effective in repressing expression of 
various genes [3-8]. The hammmerhead ribozyme 
consists of 2 binding regions (stem 1 and stem III)， 
which are complementary to the target mRNA 
sequences flanking the cleavage site， and a catalytic 
core region that includes a mutual1y 
complementary stem II [5]. The target mRNA， on 
the other hand， requires NUX triplet (N， any base; 
X， any base except G) to be present as a substrate of 
the ribozyme [17， 18] 
For effective inactivation of the transcripts of a 

gene， a ribozyme must fulfill at least one of the 
fol1owing conditions: high intra-cel1ular 
expression levels， high degree of intracellular 
stability， high degree of co-localization with its 
target RNA in a intracellular compartment， and 
efficient expression of the catalytic activity. The 
polymerase III (pol III) systems have been 
introduced to improve the expression efficiency of 
ribozyme-coding genes in vivo [18， 19]. 
The pol III system responsible for the expression 

of short RNAs has the advantage of generating 
much shorter extra sequences and higher 
expression levels than those obtained with the pol 
II system [18]; long extra sequences such as the 
polyA+ tail may interfere with the cleavage 
reaction. In a study conducted using a chimeric 
tRNA val ribozyme gene driven by pol III promoter， 

it was confirmed that the entire structure of the 
transcript determined not only the cleavage 
activity， but also the intracellular half-life of the 
ribozyme [20]. 
The following report describes the results of our 

preliminary attempts to design and examine the 
efficacy of hammerhead ribozymes against Sry 
mRNA (anti-Sry ribozymes) for the eventual 
purpose of controlling sex ratio at birth in 
mammals. 

Materials and Methods 

Murine Sry DNA construct 
The target Sry sequence of the mouse [21] was 

PCR-amplified from the pCMV /mSry plasmid 
described before [22] using a primer set， 5'-AAG-
CGC-CCC-ATG-AAT -GCA-TTT -ATG南 GT-3'
(forward) and 5'-TGG-CAT-AGG-TAGωGAG-
AAA-AGG-3' (reverse) (custom synthesized by 
Sawady Technologies， Tokyo， Japan) and the 
purified amplicons were TA-cloned into pGEl'vιTE 
(Promega， Madison， WI， USA) in the SP6->Tプ
direction. The construct was named pGEM/mSry. 
For expression of Sry in cultured cel1s， a 
transfection vector， pCAG/Sry， was constructed by 
cloning the complete Sry coding sequence into the 
multi-cloning site of the pUC-CAGGS mammalian 
expression vector [23]. The pUC-CAGGS plasmids 
were kindly supplied to us by Prof. J. Miyazaki， 
School of Medicine， Osaka University， Osaka， 
Japan. The authenticity of all the plasmid 
constructs used in the present series of experiments 
was confirmed by sequencing using a Thermo 
Sequenase Cycle Sequencing kit (Amarshamω 
Pharmacia; supplied by Shimadzu， Kyoto， Japan) 
andaDSQ・-2000LDNA Sequencer (Shimadzu). 

Hammerhead ribozyme construct against Sry mRNA 
The secondary structure of the target Sry mRNA 

was calculated and visua1ized using the MulFold 
(ftp:/ / iubio.bio.indiana.edu/ molbio/mac/ 
mulfold.hqx) and Loop Viewer (ftp:/ / 
ftp.bio.indiana.edu/ molbio / mac !loopviewer-
olsen.hqx) software packages. The anti-Sry 
hammerhead ribozymes (HHRz) were designed so 
that the NUX-containing unique target region was 
located downstream of the HMG box and in a loop 
where the GC content was less than 50% (Fig. 1). 

HMG司 box 1212 

ATG /U人¥¥¥

AGU Q裂ζACA …むGCζUCAAC......CCむ§巳豆 GAU 

w m a 
tRNA旦z3 tRNARz4 HHRz 

Fig. 1. Schematic illustration of the target sites for the 
designed ribozymes 
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HHRz 

cHHRz 

21 

5'-GCCTGTCGATAGGATATCCTGATGAGTCCGTGAGGACGAAACAGGCTGCagct-3 
一ーペム ー一一一一一 一一一一 一一一一

5'-GCCT思具PTAGGA単 且 届GATGA偲 CGTGA鰐ふCGAAA品目CTGCagct-3

tRNARz3 5'叩 TCCCCGGTTCGAAACCGGGCACTACAAAACCAACTTTCTCCTCTGTCTGA
TGAGGCCGAAAGGCCGAA四品CTTTAGGGTAceccGGATATCEEEE-4'

tRNARz4 5'-TCCCCGGTTCGAAACCGGGCACTACAAAACC主主CTTTAGTTTTGTTCTGA

Fig.2. 

TGA銀 CCGAAA盟 CCGAAGAGぽ :=AACTlおGTAceccGGATATCEETEE-3Z

The synthetic oligonucleotide sequences of the anti-Sry ribozymes. HHRz: s巴lf-
cleaving hammerhead ribozym巴.cHHRz: non-cleaving control oligonucleotide. 
tRNARz3 and tRNARz4: tRNA val-hammerhead ribozym巴 complex巴s.Th巴 DNA
sequences shown are those of the sense strands (th巴codingstrands; the sequences 
are identical to those of ribozyme RNAs if T is replaced by U; as defined， e.g.， by 
Lewin [27]) of the double strand巴dribozyme genεs. The bases shown in lowercase 
lett巴rsare the SacI overhang for ligation. For HHRz and cHHRz， the 
complementary antisense strands (th巴templatestrands) were also synthesiz巴d.The
antisense strands were added with GGCC ApaI overhang at their 3' ends. Solid 
triangles indicate the position where spontaneous cis-cleavage took place. The 
number， 21， add巴dabove C for HHRz indicates the position of the base from the 
transcription initiation site in the plasmid constructs， pGEM/HHRz and pGEM/ 
cHHRz. The hammerhead ribozyme sequences are italicized. The binding regions 
(stem I and III) are indicated by italicized bold letters. In cHHRz， mutations 
(underlined with plain lines) were introduced to disable cis-cleavage and target 
binding. The regions underscored by double lines and wavy lines indicate tRNA val 
and st巴mII regions， resp巴ctively.The terminator sequences are underlined with 
dashed lines 
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No appropriate target positions could be found 

within the HMG box of Sry. The custom-

synthesized sense and antisense DNA strands 

(Sawady， Tokyo， Japan) coding for either HHRz or 

the inactive control hammerhead ribozyme 

(cH臼Rz)(Fig. 2) were annealed and ligated into the 

ApαI/SacI site of pGEM-TE using a Ligation Kit ver 
2 (Takara). The constructs were named pGEM/ 

HHRz and pGEM/ cHHRz respectively. The 21 b 

RNA stretch at the 5' end of the transcribed 

ribozyme sequence acted as a dummy for efficient 

transcription and was removed by spontaneous CIs-

cleavage reaction post-transcriptionally [24]. For in 
vivo expression of HHRz and cHHRz， the 
transfection vectors， i.eリ pCAG/HHRzandpCAG/
cHHRz respectively， were constructed by cloning 
the oligonucleotide sequences into pUC-CAGGS. 

pPUR/tRNARz4， respectively. As a control， 
pPUR/tRNAempty， which had no ribozyme 
sequence， was also constructed. 

tRNA-ribozyme construct against Sry mRNA 
The custom-synthesized DNA strands (Sawady) 

coding for the 2 anti-Sry tRNA-ribozyme 

complexes， i.eリ tRNARz3and tRNARz4 (Fig. 2)， 
were PCR-amplified and ligated担tothe pPUR-KE 

expression vector [20] at the Csp45I/ KpnI sites. 
The constructs were named pPUR/tRNARz3 and 

tRNA-ribozyme constructs for in vitro transcription 
Anti-Sry tRNA-ribozyme constructs for in vitro 

transcription were prepared as follows. A 445bp 

DNA fragment coding for the tRNA-ribozyme 

complex was PCR-amplified individually from 

pPUR/tRNARz3 and pPUR/tRNARz4， purified by 
electrophoresis， and TA-cloned into pGEM-TE 
(pGEM/tRNARz3 and pGEM/tRNARz4). 

In vitro cis-cleavage reactions of仰 ti-Sry
hammerhead ribozyme 

All in vitro transcription reactions were 
performed using a MAXI Script In Vitro 

Transcription Kit (Ambion， TX， USA) throughout 
the present series of experiments. Both HHRz and 
cHHRz were transcribed from the T7 promoter of 

their respective vectors， pGEM/HHRz and pGEM/ 

cHHRz， linearized at the MluI site. The transcripts 

were denatured at 95 C for 3 min， loaded onto a 

10% acrylamide gel containing 8 M urea， and 
separated by electrophoresis using a mini-slab gel 
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electrophoresis chamber (Model AE-6530M， ATTO， 
Tokyo， Japan). 

In vitro trans-cleavage reαctions of anti-Sry 
ribozymes 
The target Sry mRNA was generated by 

transcribing the ApaI-linearized pGEM/mSry 
blunted with T4 DNA polymerase from the SP6 
promoter. HHRz and cHHRz were transcribed 

from the T7 promoter of pGEM/HHRz and 
pGEM/ cHHRz as described above. The tRNA-
ribozymes were transcribed from the T7 promorter 

of SalI-restricted pGEお1/tRNARz3or pGEM/ 
tRNARz4. The reaction mixture containing the 
transcript， either Sry mRNA or one of the ribozyme 

RNAs was added with approximately 2 vol of 
nuclease-free TE buffer (pH 8.0; 10 mM  Tris-HCt 1 
mM  EDT A) and purified by the ethanol 
precipitation method in the presence of 0.3 M 

sodium acetate. The purified RNA was frozen and 
stored at -80 C until use. Under the standard 
conditions for the ribozyme-target interaction， the 
ribozyme RNA was mixed with the target Sry 
mRNA in a 10 μ1 reaction mixture at a 

concentration ratio of 25:1 for HHRz or 2:1 for 
tRNA-ribozymes， heated to 80 C for 1 min， and 
then ice-chilled. The optimal ribozyme/Sry RNA 
ratios for HHRz and tRNA-ribozymes had been 

determined prior to this series of experiments. The 
cleavage reaction was initiated by adding 5μlof 

Tris-MgCh solution (pH 8.0; 30 mM  Tris-HCt 30 

mM  MgCh) to the mixture， and incubating it at 
37 C. The reaction was stopped by adding 5μlof 
the loading buffer for the acrylamide gel 
electrophoresis. After heating at 80 C for 5 min， the 
products were loaded onto a 4% polyacrylamide 
microslab gel containing 8 M urea， and separated 
electrophoretically. An RNA Century Marker plus 
Template Set (Ambion) was used as an RNA size 
marker. 

Northern blot analysis 
The DIG-labelled antisense RNA probe for the 

Sry mRNA was prepared by transcribing SpeI-
linearized pGEM/ mSry from the T7 promoter 
using DIG-labeled UTP (DIG RNA Labeling Mix， 
Roche， Mannheim， Germany) as a substrate. For 

Northern blotting， the reaction mixture containing 
the target Sry transcripts， either with or without 
ribozymes， was electrophoresed on a 4% 
polyacrylamide microslab gel containing 8 M urea， 

and transferred onto a Hybond-N + nylon 
membrane (Amersham， Buckinghamshire， UK). 

The membrane was washed consecutively in O.4N 
NaOH (5 min) and 5 x SSC (60 sec)， baked at 80 C 
for 2 h， and subjected to UV irradiation for 
crosslinking (Crosslinker Unit， Model CL-2000， 
Funakoshi， Tokyo). The hybridization reaction was 
carried out by soaking the pre-hybridized 
membrane in a hybridization buffer (North2South 
Chemiluminescent Hybridization and Detection 

kit， Pierce， Ilinois， USA) containing the DIG“labeled 
probe (1μg/ml). Incubation was conducted for・16
h at 68 C. Then， the membrane was washed twice 
in 2 x SSC containing 0.1 % SDS (5 min) at RT， and 
twice in 0.1 x SSC containing 0.1% SDS (15 min) at 
65 C. Detection of the hybridized RNA was 

performed using a DIG Nucleic Acid Detection kit 
(Boehringer Mannheim GmbH， Germany). 

Cell culture and semi-quαntitative reverse 
transcriptase-polymer.αse chain reaction (RT-PCR) 
analysis of Sry expression 
The M15 cells (XX karyotype)， originally derived 

from the embryonic mesonephros and shown to 
express WTl both at the mRNA and protein levels 
[25] were kind gift from Dr T. Noce， Mitsubishi 
Kasei Institute of Life Sciences，恥1achida-shi，
Tokyo. The cells were cultured in Dulbecco's 

Modified Eagle's medium (DMEM) fortified with 
fetal bovine serum (FBS) (10%). Transfection of the 
cells with plasmids was done using PolyFect 

Reagent (Qiagen， Valencia， CA). Expression levels 
of Sry were determined semi-quantitatively by RT-
PCR procedures according to protocols that are 
routinely checked and employed in our laboratory 

[26]. The total RNA isolated from the cells (Isogen， 
Wako， Osaka， Japan) was denatured and reverse-
transcribed using M-お1LV reverse transcriptase 
(Promega) into cDNA that was then PCR“ 

amplified. The conditions for PCR amplification 

were as follows; the initial denaturation reaction at 
94 C for 5 min was followed by 24 cycles of 
denaturation (94 C for 1 min)， annealing (56 C for 1 
min)， and extension (72 C for 1 min). The final 
extension reaction was prolonged to 10 min. The 

sequences of the primers (custom synthesized by 
Hokkaido System Science， Sapporo， and 
Invitrogen， Tokyo， Japan) used were as follows: for 
Sry， 5'-GGA-GTC-GCT-GCG-TTG-CCT-T-3' 

(forward) and 5'-TTT-CCA-CCT-GCA-TCC-CAG岬

CTG-C-3' (reverse); and for Hprt， 5' -GAA-AGA-
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CTT-GCT-CGA-GAT-GTC-ATG-3' (forward) and 
5' -TGG-CAA -CAT -CAA-CAG-GAC-TCC-TCG-3' 

(reverse). The size of the target amplicons (290 bp 
for Sry and for 572 bp Hprt) was confirmed by 
electrophoresis of the PCR products on 2% agarose 
gels in TAE buffer. Densitometric analysis of the 
electrophoretograms were carried out using NIH 

ImageJ (NIH， Bethesda， MD; http:/ / 
rsb.担fo.nih.gov/ij/). 

Results 

Cleavage of Sry mRNA by hammerhead ribozyme in 
vitro 
Electrophoretic analysis confirmed that the 

spontaneous cis-cleavage at the internal upstream 

site of the hammerhead ribozyme precursor 
produced a 55-base ribozyme product (HHRz) and 
a dummy of 21 bases as planned: no cis-cleaved 
RNA fragments were generated in the control 
ribozyme transcript (cHHRz) (data not shown). 

The trans-cleavage experiments were preformed 
to examine the action of HHRz upon Sry mRNA. 
The target SRY mRNA transcribed from pGEM/ 

mSry consists of a total of 1334 b. As shown in Fig. 
3， HHRz ribozyme yielded 2 cleavage products of 
expected sizes， i.e.， 463 and 8プ1b. No cleavage of 

target mRNA took place when the control cHHRz 
was used instead of HHRz (data not shown). 

Cleavage of Sry mRNA by tRNA-ribozymes in vitro 
The ability of the anti-Sry tRNA-ribozymes to 

cleave the target Sry mRNA was examined as 
described in Materials and Methods. As shown in 

Fig. 4， tRNA-Rz3 yielded 2 cleavage products of 
expected sizes， i.eリ 315and 1019 b. However， no 
cleavage of target mRNA by tRNA-Rz4 was 

confirmed under the conditions presently 
employed. The effective ribozyme/target ratio for 
tRNARz3 was 2:1， which was much lower than that 
for HHRz (25:1). These results demonstrate that 

both HHRz and tRNA-Rz3 can effectively cleave 
the target mRNA in vitro， justifying use of these 
ribozymes for silencing experiments of Sry in cells. 

Effects of anti-Sry ribozymes upon Sry expression in 
cells 
The effects of anti-Sry ribozymes upon Sry gene 

expression was examined by co-transfecting the 
expression vectors of the ribozymes and target Sry 

1.2Kb一歩

800b一歩

400b一歩

2 3 4 5 

Fig. 3. Northern blot analysis of Sry mRNA cleaved by the 
HHR anti-Sry hammerh巴adribozyme. Cleavage 
reaction was performed with a ribozyme/targe ratio 
of 25:1 at 37 C 令官eMaterials and Methods). Lane 1: 2 
pmol of Sry mRNA alone was incubated in the 
reaction. Lanes 2-5: Sry m即叫A(2 pmol) and ribozyme 
RNA (50 pmol) were incubated tog巴therfor 4 h (lane 
2)， 2 h (lane 3)， 1 h (lane 4)， and 30 min (lane 5)， 
respectiv巴ly.Cleaved Sry mRNA fragments of 871 b 
and 463 b were detected. No cleavage of the target 
mRNA took place when the target mRNA was 
incubated alone or with the control. The r巴actionwas 
accompa凶edby a general increase in the non-specific 
degradation of the target RNA， which showed up as 
smears. 

to M15 cells. The results are presented in Fig. 5. In 

cells co-transfected with the target Sry and the 
control vectors， i.e.， pCAG/cHHRz and pPUR/ 
tRNAempty， the relative expression levels of Sry 
rose almost linearly from 10 h to 48 h after 
transfection， and declined slightly from then on. 
On the other hand， in the cells co-transfected 

with the target (pCAG/Sry) and hammerhead 
ribozyme vectors (pCAG/HHRz)， the Sry mRNA 
levels were reduced to less than 50% of those of the 
control 24 h after transfection. Afterwards， the 

levels returned gradually to approximately 80% of 
the control. 
In contrast， pPUR/tRNARz3 was less effective in 

suppressing the expession of pCAG/Sry than 
pCAG/HHRz at 24 h after transfection but its effect 

appeared to last longer， with suppression leveling 
off at approximately 60% from 48 h to 72 h after 
transfection. 

Discussion 

In the present series of experiments， 3 newly-

designed ribozymes targeted at murine Sry mRNA 
were examined for their functions in vitro and in 
cells. Up to present， there are no reports in the 
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1 2 3 ①②③  M 4 5 6 7 ④⑤⑥⑦  
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bご主白闘園田欝警護警護 盟酉 1000b

cー#ーー田町田四国務IIII!II300b 

Fig. 4. Cleavage of Sry mRNA by t郎 JAribozyme complexes. The c1eavage reaction was 
performed using 1 pmol of Sry mRNA as the target and by varying the concentrations 
of tRNA ribozymes at 37 C for 1 h in the presence of 30mM MgClz・The
electrophoretograms were stained with ethidium bromide (lanes 1-7) and subjected 
to Northern blotting analysis (lanes①"⑦). The tRNA ribozymes us巴dwere tRNARz3 
(lanes 1-3 and ①ー③)and tRNARz4 (lanes 4-6 and ④m⑥). Lanes 7 and (j) were the 
controls， in which Sry mRNA alone was incubated百leribozym巴Itargetratios used 
were2・1(lanes 1， 4， CD， and ④)， 10:1 (2，5，②，and ③)， and 25:1 (3， 6，③，and ⑥). The 
1334 b (arrow a) target Sry mRNA c1eaved by t貯.JARz3into 2 fragments of 1019 b 
(arrow b) and 315 b (arrow c)， which were detected on lanes 1， 2，①and @. No target 
cleaving activity was confirmed for tRNARz4 under the current experimental 
conditions. 

literature that describe ribozymes capable of 
cleaving Sry mRNA. We confirmed that the anti-
Sry hammerhead and one of the 2 tRNA-

hammerhead ribozyme complexes， tRNARz3， 
could effectively cleave the target Sry mRNA in 
vitro under the experimental conditions we 
employed. Of the 2 tRNA-hammerhead ribozyme 

complexes， i.e.， tRNARz3 and tRNARz4， the 
cleavage products of the target mRNA produced by 
tRNARz4 could not be confirmed within the range 

of the current experimental conditions. This 
seeming inability was likely due to low efficiency of 
the cleavage of the target mRNA owing to a 
sluggish reaction rate of tRNARz4 compared to 

tRNARz3. lndeed， a prolonged reaction time (up to 
8 h) led to production of cleavage products of the 
Sry mRNA by tRNARz4 in detectable amounts， 
although spontaneous degradation of the target 
mRN A became too high and smearing of the 

electrophoretograms was too intense to allow for 
unambiguous interpretation of the results (data not 
shown). 
Furthermore， a suppressive capability of these 

ribozymes was demonstrated against the Sry 
transcript in cells. However， the maximum 

suppression level attained was about 45% of the 
control for HHRz and around 60% for tRNARz3. It 

is interesting to note that HHRz was more effective 
than tRNARz3 24 h after transfection although the 
suppression levels gradually declined. On the 

other hand， tRNARz3 did not exhibit a suppressive 
effect at 24 h， but did show one later that became 
stronger and more stable than that achieved by 

HHRz. It is generally known that the efficacy of 
ribozymes in vitro is not correlated with functional 
activity in vivo and that the latter is determined by 
various parameters [28] including the intracellular 

half-life of the ribozyme molecules. While the large 
molecular size of tRNA-ribozyme complexes may 
sacrifice the efficacy of the ribozyme in terms of 

reaction kinetics compared to simple ribozymes， 
the longer intracellular half-1ives of the tRNA蛸

ribozyme complexes compensate for the low 
kinetic efficiency [20， 28]. Our results are in general 
agreement with the proposed merit of tRNA-
ribozyme complexes in the suppression or silencing 
of gene expression in cells [20，28]. 
It is noteworthy that the ribozymes we designed 

could cleave the target Sry mRNA in vitro and 

suppress significantly the Sry gene expression in 
cells as expected in accordance with the general 
characteristics of ribozymes and tRNA-ribozyme 
complexes published in the literature. However， 
the attained degree of suppression was less than 
that anticipated to be necessary to nullify the Sry-

directed sexual differentiation of the gonad during 
development of embryos. Further improvement of 
the expression vectors or ribosome designs will be 
necessary to achieve the required high efficacy of 
si1encing Sry in animals. 
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Effects of anti-Sry ribozymes upon the transient expression of exogenously introduced Sry in M15 cells. Co-
transfection of the expression vectors for Sry and ribozymes was carri巴dout as described in Materials and Methods 
The pCAG/cHHRz and pGEM/tRNAempty transfection vectors served as null control vectors. Panel A 
electrophoretograms showing time-course chang巴s(12 h-72 h) in the expression levels of Sry under the presenc巴of
the anti-Snj ribozyme vector indicated above each lane. Panel B: semi-quantitative evaluation of the Sry expression 
levels (the ordinate) relative to those of HPRT. Valu巴sare the means of 3 independent experiments: Verticallines 
indicate the SD. Panel C: the relativ巴suppressiveeffect of the hammerhead ribozyme and the tRNA ribozyme 
complex upon the Sry expression levels. Values shown are the ratios against the controls 

Fig.5. 
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