
identity of the proteins was confirmed by speclflc 
antibodies to Sec6la (Sec61 p) and Sec61 P (Sbhl p) 
(17). 

14. S. Panzner, L. Dreer, E. Hartmann, S. Kostka, T. A. 
Rapopori, Cell 81, 561 (1 995) 

15. For the purification of ribosomes, the yeast strain 
DF5 was grown in 3.5 Ilters of yeast extract, pep- 
tone, and dextrose medium. At an optical densty of 
600 nm (OD,,,) of 1 .O, the cells were washed with 
water and incubated for 15 min at 25°C in I 0 0  mM 
trs-SO, (pH 9.4) and 10 mM DTT. After homogen- 
zation by French press In buffer A [50 mM trethano- 
amine-0Ac (pH 7.51, 50 mM KOAc, 5 mM MgCl,, 1 
mM DTT, and 0.5 mM PMSF], the homogenate was 
centrifuged for 30 mln at 100,000g at 4°C. The su- 
pernatant was layered over a continuous 10 to 40% 
sucrose gradent in buffer A. After centrfugaton for 
4.5 hours at 200,000g at 4"C, the monomerc rbo- 
somes were podled according to the A,,, profile. 
The ribosomes were pelleted by centrifugation for 
4.5 hours at 145,000g at 4%, resuspended in water, 
and frozen in Iquld N,. 

16. Purified Sec61 complex and ribosomes were incubat- 
ed for 30 m n  on ~ c e  in a buffer containing 0.5% Trlton 
X-100, 100 mM KOAc, 5 mM triethanolamne-OAc 
(pH 7.5), 5% glycerol, 1.5 mM Mg(OAc),, 0.5 mM 
DTT, and 0.5 mM CaCl,. To separate unbound 
Sec6l complex from r~bosome-bound Sec61 com- 
plex, we carried out gradient centrifugation using a 10 
to 50% sucrose step gradent In 0.5% Triton X-100, 
100 mM KOAc, 10 mM triethanolamine-OAc, 1 mM 
DTT, and 3 mM Mg(OAc),. After centrifugation for 60 
min at 240,000g at 4°C six fractions were collected 
manually. For saturation assays, the first two fractions 
were pooled as the unbound fracton and the foow- 
ing two as the bound fraction. Fractions were ana- 
lyzed by SDS-polyacrylam~de gel electrophoresis 
(PAGE) and staned with SYPRO Red. The amount of 
protein was quantitated with the STORM system (red 
fluorescence) and NIH image. For immunoblotting, 
proteins were precpitated, separated on 10 to 20% 
SDS-PAGE gradent gels, transferred to a nitroceu- 
lose membrane, incubated consecutively with anti- 
Sec6la or anti-Sec61 p and horseradish peroxidase- 
conjugated donkey antbodes to rabbit, and detected 
by ECL as described (Amersham). 

17. R. Beckmann etal., data not shown. 
18. ncubatlon to form the ribosome-Sec61 complex 

was performed as described (16), and the mlxture 
was dluted with 4 volumes of water mmedately 
before it was applled to the grld. Grlds for clyo- 
electron microscopy were prepared as described [T. 
Wagenknecht, R. Grassucci, J. Frank, J. Moi. Biol. 
199, 137 (1 988); J. Dubochet etal. , O. Rev. Biophys. 
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Abscisic Acid Signaling Through Cyclic 
ADP-Ri bose in Plants 

Yan Wu, Jennifer Kuzma, Eric Marechal,* Richard Graeff, 
Hon Cheung Lee, Randy Foster, Nam-Hai Chuat 

Abscisic acid (ABA) is the primary hormone that mediates plant responses to stresses 
such as cold, drought, and salinity. Single-cell microinjection experiments in tomato were 
used to identify possible intermediates involved in ABA signal transduction. Cyclic 
ADP-ribose (cADPR) was identified as a signaling molecule in the ABA response and was 
shown to exert its effects by way of calcium. Bioassay experiments showed that the 
amounts of cADPR in Arabidopsis thaliana plants increased in response to ABA treatment 
and before ABA-induced gene expression. 

Plants endure environmental challenges 
such as drought, salinity, or cold by adjust- 
ing rather than escaping. These responses 
are mediated by ABA ( I ) ,  which through 
unknown signals affects the regulation of 
many genes (2-7). One signaling interme- 
diary is calciurn (Ca2+) (8). ABA-mediated 
increases in guard cell Ca2+ levels lead to 
stomata1 closure (9). Ca2+ can also induce 
the expression of an ABA-responsive gene 
in maize protoplasts (1 0). 

Three regulators of Ca2+ levels are ino- 
sitol (l,4,5)-trisphosphate (IP3) (1 I ) ,  cyclic 
adenosine 5'-diphosphate ribose (cADPR), 
and nicotinic acid adenine dinucleotide 
phosphate (NAADPt) (1 2-15). The re- 
ceptor for IP3 is known (1 I ) ,  whereas those 
for cADPR and NAADPt are not (15). A 
putative receptor for cADPR is the ryano- 
dine receptor (RyR) (15). NAADP+, a me- 
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tabolite of nicotinamide adenine dinucle- 
otide phosphate (NADP+) identified in 
l~itro, regulates a third Ca2+ channel that 
appears to be distinct from the IP, and 
cADPR receptors (14). cADPR can be 
produced by ADP-ribosyl cyclase or by 
CD38, a lymphocyte protein, both of 
which use nicotinamide adenine dinucle- 
otide (NAD+) as a precursor (16). 

Both IP, and cADPR elicit Ca2+ release 
frorn beet storage root vacuoles (17), and a 
RyR-like activity, sensitive to cADPR, has 
been detected in beet microsomes (18). 
Here we demonstrate that cADPR is a like- 
ly in vivo intermediate of ABA signal trans- 
duction that exerts its effects by way of 
intracellular Ca2+ release. 

We used microinjection to screen for 
cornpounds that rnay be involl~ed in ABA 
responses. We studied the Arabidopsis 
genes rd29A (also termed Iti78 and cor78) 
(5), a desiccation-responsive gene ( 3 ) ,  and 
kin2 (also termed cor6.6) (5), a cold-in- 
ducible gene (2).  Both genes are rapidly 
induced by ABA, without requiring new 
protein synthesis. 

We microinjected 7- to 10-day-old etio- 
lated hypocotyls of the phytochrome-defi- 
cient tomato mutant auren (19, 20) with 
rd29A-GUS, kin2-GUS (21), and potential 
agonists and antagonists of ABA signal 
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trai~sductioi~. The aziren mutant was chosen 
because it has been used ill ~revious inl~es- 
tigations on phytochro~ne signaling path- 
wavs and therefore ~rovided convenient 
co~trols. ABA was sufiicient to induce gene 
expressioil from both constructs (Table 1). 
Neither rd29A-GUS nor kin2-GUS was ac- 
til~ated in the absence of ABA; both were 
activated in response to ABA, but not to 
phytochro~ne A (phyA). By contrast, cnb- 
GUS, a light-responsive gene, was actil~ated 
by phyA but not ABA. Moreover, phyA 
induction of cab-GUS was negatively regu- 
lated by ABA, ?s reported previously (22). 
These results rkcapitulated specific activa- 
tion of the reporter genes by their appropri- 
ate physiological signals in our system. 

rd29A-GUS and kina-GUS can be acti- 
vated by coinjected Ca2-. ABA induction 
of these two genes is blocked by EGTA (3 
mM), a Ca" chelator (9) (Table 2). 
cADPR, an endogenous regulator of Ca", 
triggers Ca" release from sea urchin micro- 
somes (15) and from beet cell vacuoles in 
beet storage roots (17). To determine if 
cADPR could substitute for ABA or Ca", 

Table 1. Specific~ty of phyA and ABA signaling 
pathways. Subepidermal cells of aurea hypocot- 
yls were injected with e~ther rd29A-GUS, kin2- 
GUS, or cab-GUS (19), with or without oat phyto- 
chrome A (phyA). Pipette concentrations were 
-10,000 moleculeslpl for phyA and 1 mg/m for 
pasmid DNA (except for CaMV35S-GUS, 0.5 mg l  
ml). The Injected volume was - 1 p and the cell 
volume was est~mated to be 160 p (19) After 
injectons, seedlings were Incubated In KNOP salt 
medum (19) with or without ABA (50 p,M) (cis-, 
trans-abscisc acid; Sigma) for 2 days. The results 
are gven as the number of cells expressing GUS 
as a percentage of the total number of cells nject- 
ed. Because the plant vacuolar volume is about 
90% of the cell volume, the frequency of a mi- 
crop~pette htting the cytoplasm rather than the 
vacuole is low. Usng the constitutve 355 promot- 
er (CaMV35S-GUS) (26) as a control, we found 
that 5 to 10% of the injected cells expressed GUS 
activity. Therefore, we regard values that fall within 
5 to 10% as the maximum that can be obtaned n 
our microinjecton system. No quantitative signifi- 
cance is attached to numbers w~thin this range, 

Externally GUS 
GUS "Injected added effclency 

reporter phyA ABA (%) (n) 

rd29A 
rd29A 
rd29A 
rd29A 
kin2 
kin2 
kin2 
kin2 
cab 
cab 
cab 
cab 
35s  

we coinjected cADPR with rd29A-GUS or 
kina-GUS (Table 2). At 1 pM (estimated 
intracellular concentration) (19), cADPR 
replaced ABA or Ca2+ in stimulating the 
two ABA-regulated genes. Lower (0.2 FM) 
or higher (2 pM) concentrations of cADPR 
were not as effecti1.e (23). Similar concen- 
tration dependence is often observed for ion 
channels, where low concentrations of ago- 
nists are below the threshold needed for 
activity and high concentrations lead to 
desensitization. 

EGTA blocked cADPR inductioi~ of 
rd29A and kin2 expression, consistent 
with the role of cADPR in releasing Ca2+ 
from iilternal stores (Table 2). A structur- 
al analog of cADPR and specific inhibitor 
of cADPR activity, 8-amino-cADPR (8- 
NH,-cADPR) (24), blocked the stimula- 
t ion  of ~d29A-GUS and kind-GUS by 
ABA (Table 2). Heated cADPR or heated 
8-NH,-cADPR (1OO0C, 10 min) was in- 
active (Table 2). Upon heat treatment, 

cADPR is hydrolyzed to ADP-ribose 
which is ineffecti\.e as a Ca"-releasing 
agent (25). 

Because cab gene is activated by phyA by 
way of Ca2+ (19), we examined whether 
cADPR could substitute for these two in- 
ducers. In contrast to rd29A and kina, cnb- 
GUS expression was induced by Ca" but 
not cADPR (Table 2). These results suggest 
that cADPR may elicit a unique cytoplas- 
mic Ca" wave leading to a specific activa- 
tion of ABA-responsive but not phyA-re- 
sponsive genes. The expression of cab-GUS 
and CaMV35S-GUS (26) was not inhibited 
by 8-NH2-cADPR, its heated deril~ative, or 
EGTA, thus ruling out a general cytotoxic 
effect (Table 2). 

Microinjected Aplysia ADP-ribosyl cy- 
clase, which synthes~zes cADPR (16), acti- 
17ates reporter gene expression in the ab- 
sence of ABA (Table 3) .  The effect was 
inhibited by coinjection of 8-NH,-cADPR. 
Neurospora NADase, an enzyme that de- 

Table 2. cADPR can substtute for ABA or Ca" in the actvaton of rd29A-GUS and kin2-GUS. Aurea 
hypocotyls were injected w ~ t h  comb~nations of cADPR, 8-NH,-cADPR (Molecular Probes), Ca", 
rd29A-GUS, kin2-GUS, cab-GUS, and CaMV35S-GUS as Indicated Pipette concentrations of cADPR, 
8-NH,-cADPR, and Ca2+ were all 160 p,M, Injected seedlings were subsequently incubated n KNOP 
medium in the presence or absence of ABA (50 kM) or in the presence or absence of EGTA (EGTNAM, 
3 mM) for 2 days. A:  Heated cADPR or heated 8-NH2-cADPR (25). EGTNAM: Membrane-permeable 
verson (Calbochem-Novabiochem, La Jolla, Calfornia). 

Conjected Externally added 
GUS GUS 

efficiency 
reporier 

cADPR Ca2+ ABA EGTA (%I (n) 8-NH,- 
cADPR 

rd29A 
rd29A 
rd29A 
rd29A 
rd29A 
rd29A 
rd29A 
rd29A 
rd29A 
rd29A 
rd29A 
kin2 
kin2 
kin2 
kin2 
kin2 
kin2 
kin2 
kin2 
kin2 
kin2 
kin2 
cab 
cab 
cab 
cab 
cab 
cab 
cab 
cab 
3 5 s  
35s  
35s  
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grades NADf,  the precursor of cADPR 
(27), inhibited ABA induction of the two 
reporter genes (Table 3). Coinjection of 
cADPR (intracellular concentration 1 
FM), which is insensitive to NADase, 
overcame the inhibition. Injection of bo- 
vine serum albumin (BSA) had no effect 
(Table 3). 

To examine the effect of protein phos- 
phorylation on ABA signal transduction, 
we injected seedlings and treated them with 
protein kinase inhibitors K252a ( 2  pM) 

(28) and staurosporine (29) (100 nM). The 
response of reporter genes to ABA, cADPR, 
and Ca" was abolished by K252a and di- 
minished by staurosporine (Table 4). The 
phosphatase inhibitor okadaic acid (OA) 
(28) (100 nM) stimulated reporter gene 
expression in the absence of ABA (Table 
5). This activation was inhibited by 8-NH,- 
cADPR, EGTA (3 mM), and K252a ( 2  
yIvl), indicating that an OA-sensitive phos- 
phatase may be upstream of cADPR, Ca2+ 
pools, and kinases in ABA signaling. 

Table 3. ADP-ribqsyl cyciase activates, NADase inactivates, rd29A-GUS and kin2-GUS. Apiysia ADP- 
ribosyl cycase (ADPR cycase) (7000 molecules; Sigma), Neurospora NADase (3000 molecules; Sig- 
ma), and BSA (7000 molecules; Boehringer Mannheim) were coinjected with e~ther rd29A-GUS or 
kin2-GUS. Pipette concentratons of cADPR and 8-NH,-cADPR were 160 pM After injections, some of 
the seedlings were incubated in KNOP medium with ABA (50 pM). 

Coinjected 
GUS 

Externally GUS 
added efficiency 

NADase cADPR Egp'd BSA cycase 
ABA ("/.I (n) 

Table 4. Effects of kinase inh~b~tors on cADPR- and ABA-induced gene induction. Pipette concentra- 
tions of Ca2+ and cADPR were 160 pM. Injected seedlings were incubated in KNOP medium with either 
staurosporine (St.) (1 00 n M ,  Calbiochem-Novabiochem) or K252a (2 F M ;  BOMOL Research Labora- 
tories) for 2 days in the presence or absence of ABA (50 FM). 

GUS 
Coninjected Externally added GUS 

efficiency 
reporter cADPR Ca2 ' AB A K252a St. (%) (n) 

Thus, cADPR-mediated induction of 
ABA-responsive gene expression may be 
positively regulated by protein kinases and 
negatively regulated by protein phospha- 
tases. ABA-mediated guard cell closure in 
Vicia faba shows a similar lesponse to OA 
and K252a, although Arabidopsis guard cells 
responded differently to the same inhibitors 
(7, 28). 

IP3-triggered release of Ca2+ has been 
implicated in guard cell closure (30). 'We 
examined whether IP3 was able to induce 
expression of ABA-responsive genes. In- 
deed, rd29A and kin2 were activated by 
IP,, and the activation was blocked by 
heparin (Table 6) ,  a specific inhibitor of 
IP, receptor (1 1). By contrast, ABA acti- 
vation of the two reporter genes was not 
affected by heparin, and the same inhibi- 
tor had no effect on cADPR-induced gene 
expression (Table 6).  Because phospho- 
lipase C mRNA itself is induced by ABA 
treatment (31 ), the results suggest that IP, 
may be involved in the secondary rather 
than primary ABA response. Control ex- 
periments demonstrated that IP, was un- 
able to activate cab-GUS (Table 6), thus 

Time (hours) 

Fig. 1. cADPR levels during ABA induction. (A) 
Gene induction of kin2 after ABA treatment (50 
FM) was monitored by Northern blotting (kin2 
mRNA) and by in vivo imaging of plants harbor- 
ng the kin2-LUC transgene (kin2-LUC activity) 
Results are expressed in normalized units per 
gram of fresh weight, either density for m R N A  or 
counts for reporter gene activity, and are aver- 
ages of two experiments For clarity, only the 
positive standard deviation is shown (B) Ca2'- 
release activity of the extracts as measured dur- 
ing ABA induction, Ca2'-release activities are 
expressed in flu03 fluorescence units induced by 
cADPR extracted for 1 g of fresh tissue and are 
the averages of three experiments. For clarity, 
only the positive standard deviation is shown. 
The double bars on graphs (A) and (B) indicate 
an interruption in the x axis. 
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ruling out its role in phyA responses. 
We examined whether GTP-binding 

proteins (G  proteins) also participate in 
ABA signal transduction. GDP-P-S, an an- 
tagonist of heterotrimeric G proteins and 
inhibitor of chs and cab gene expression 
(19), had no effect on rd29A-GUS or kin2- 
GUS expression (23) over 2 days. Likewise, 
a G-protein activator, GTP-y-S, was unable 
to induce reporter gene expression in the 
absence of ABA. These results demonstrate 
that G proteins are not directly involved in 
ABA signal transduction. 

To assess cADPR levels in vivo, we used 
transgenic Arabidopsis thaliana plants carry- 
ing a Itin2-luciferase transgene (32) that 
were treated with ABA. After assessing re- 
porter gene activity (33), we harvested 
plants and measured amounts of endoge- 
nous kin2 mRNA (34) (Fig. 1A) and 
cADPR-triggered Ca2+-release activity (1 2,  
34) (Fig. 1B). Gene expression peaked after 
4 to 8 hours of exposure to ABA (Fig. 1A). 
Levels of LUC reporter gene activity and 
endogenous kin2 mRNA were similar 
throughout the time course. cADPR levels, 

Table 5. Okadaic acid (OA) mimics ABA responsiveness. Hypocotyls were injected with reporter genes 
with or w~thout 8-NH,-cADPR (pipette concentration, 160 pM). After injections, seedlings were incu- 
bated in KNOP medium contain~ng okadaic acid (OA, 100 n M ,  BIOMOL Research Laboratories) for 2 
days. K252a (2 FM) and EGTA (EGTNAM, 3 mM) were added to the incubation medium. 

GUS Coinjected Externally added GUS 

reporter efficiency 
8-NH,-cADPR 0 A EGTA K252a ("/.I (n) 

Table 6. IP, may not be involved in the primary response of ABA. Pipette concentrations were as 
follows: IP,, 320 F M ;  cADPR, 160 pM; 8-NH2-cADPR. 160 pM; and heparin (Sigma), 4.8 mM. Injected 
seedlings were subsequently incubated in KNOP medium with or without ABA (50 pM) or with or without 
EGTA (EGTNAM, 3 mM) for 2 days 

Coinjected Externally 

GUS added GUS 
efficiency reporter 

P, cADPR Ca2+ Ep$i Heparin ABA EGTA 

rd29A 
rd29A 
rd29A 
rd29A 
rd29A 
rd29A 
rd29A 
rd29A 
rd29A 
rd29A 
kin2 
kin2 
kin2 
kin2 
kin2 
kin2 
kin2 
kin2 
kin2 
kin2 
cab 
cab 
cab 
cab 

as measured bv the Ca2+-release assam, in- , , 

creased after ABA treatment and before 
changes in transcription of ABA-responsive 
genes. 

Usine rnicroiniection into tomato au- 
u 

rea (20) hypocotyls, we identified poten- 
tial intermediates in ABA signal transduc- 
tion. Agonists that could replace ABA in 
the microinjection experiments included 
OA, cADPR, and Ca2+. cADPR has been 
described in the chloroplast-containing 
unicellular protist Euglena gracilis (35). 
cADPR levels in E .  gracilis oscillated dur- 
ing the cell cycle, with maximal levels 
detected immediately before cell division. 
Recently, two serine-threonine phospha- 
tases, ABI1 and ABI2, have been reported 
to he directly or indirectly involved in 
ABA signal transduction in A. thaliana 
(6). These phosphatases are insensitive to 
OA,  and their relation to the ABA signal- 
ing pathway described here remains to he 
elucidated. In barley aleurone protoplasts, 
ABA is thought to activate mitogen-acti- - - 
vated protein kinase by way of a tyrosine 
phosphatase (36). This step appears to he 
a prerequisite for ABA induction of rub1 6 
gene expression. 

We propose that cADPR is a second mes- 
senger responsible for initiating the cascade 
of CaZ+ increases and subsequent Ca2+- 
dependent phosphorylation and dephos- 
phorylation during ABA signal transduction. 
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Human Factor IX Transgenic Sheep 
Produced by Transfer of Nuclei from 

Transfedted Fetal Fibroblasts 
Angelika E. Schnieke," Alexander J. Kind, William A. Ritchie, 
Karen Mycock, Angela R. Scott, Marjorie Ritchie, Ian Wilmut, 

Alan Colman, Keith H. S. Campbell? 

Ovine primary fetal fibroblasts were cotransfected with a neomycin resistance marker 
gene (neo) and a human coagulation factor IX genomic construct designed for expression 
of the encoded protein in sheep milk. Two cloned transfectants and a population of 
neomycin (G418)-resistant cells were used as donors for nuclear transfer to enucleated 
oocytes. Six transgenic lambs were liveborn: Three produced from cloned cells con- 
tained factor IX and neo transgenes, whereas three produced from the uncloned pop- 
ulation contained the marker gene only. Somatic cells can therefore be subjected to 
genetic manipulation in vitro and produce viable animals by nuclear transfer. Production 
of transgenic sheep by nuclear transfer requires fewer than half the animals needed for 
pronuclear microinjection. 

Mlcrolnject ion o i  DN.A into the pronucle~ 
of fert111:ed ocic\-tes has been the only prac- 
tical ineans of pri~ilucing trdnsgelllc live- 
stock since the met11i)d ~vas  estall l~sl~ed in 
1985 (1 ) .  Ho\\-ex-er, only a sillall priiport~on 
(-5'0) o t  aniinals illregrate the transgene 
DN.4 i11to their genome (2 .  3 ) .  In  addition, 
because the timing and site o t  integration 
are random, many transgenic lines do not 
pro\-lde sufficiently high levels o t  transgene 
exyressii~n or gerinlllle transmission. T h e  
consequent inefficient use (if an~tnals  a11d 
assc~ciated high costs are a major drat~liack 
ti) pronuclear microinjection. 

In  mice, embryonic stein cells proviLle an  
alternative to pron~lclear rnicroilljectioll as 
a lneans of transfersine exoeenous DN.-I tii 
the ger~nlille of an  allillla1 anL{ allo~v precise 
genetic modifications b.i- pene targeting ( 4 ,  
5). Hen-ex-er, despite ccinsiderahle etforta, 
emhrvonic stem cells ca~ialile of contrlbut- 
ing to the gerlnlille o t  ally livestocli species 
have not  been isolated (6-1 1 ) .  

Rece11tl~-, vlable aheep have been pro- 
duced bv transfer of nuclei trom a \rarlet\- of 
si)tnatic cell t\-pes cultured in  1-itro ( 1  2-14), 
\X:e no\\. Llemo~lstrate that nuclear transfer 
from stahl>- transfecteii somatic cells pro- 

\-ides a cell-mediated methi)d for proii~lc~llg 
transgen~c 1lvesti)ck. 

\Mie have used a trallsgene ilesigneil to 
express human c l o t t ~ ~ l g  factor IX (FIX) pri)- 
t e n  in the lnilk of sheep. FIX plays an  
essential role in blood coag~ilation, anLl its 
Llefic~encv results in hemophilia B ( 15) .  
This disease is currently treated n ~ i t h  FIX 
deril-eLl mainly trom human plasma. Re- 
combinant FIX pri)duced 111 milk nroilld 
provide a n  alternative source at 1i)n.e~ cost 
and 6.ee of the  potential i~~fectioils risks 
associateil wit11 vroducts deri\.ed t'rom hu- 
lllal1 j710oii. 

T h e  transgene construct, pMIX1 ( 1  6 ) ,  
comprises the human FIX gene, containi~lg 
the entire coding seeion (1 7), linkeLl to the 
ox-ine P-lactogli)b~~lin (BLG) gene promi)t- 
er. ~vh ich  hda been vrevio~~slv  shot5711 to 
p r i ) ~ - ~ d e  a high level of transgene espression 
in ovine mammary glands ( 18) .  Analysis of 
phlIX1 espression in  transge11ic lnlce 
sho~ved that seven of seven feinale fuu~l~lers  
expressed FIX III their milk ( 1  9 ) .  T h e  level 
o t  expression in t x o  animals (135 kg/ml) 
exceeLle,l that achieved in pre\ious studies 
(2G, 21) ,  ~ n d i c a t l n ~  that pMIX1 is h n c -  
tlollal and suitable for i n t r o d i ~ c t ~ o ~ l  into 

A. E Scineke. A J. KII:~!, K. Iv4ycock, 4 R Scott 4.  ""LLt' 

Conan PPL 7ie,aFeLltlcs Rosin, k~,lclloti-lan, Et25 Primar>- s t r a insof  ovine cells, termeil 
gDp. Scotlalci UK PDFF (Poll Dorset fetal fibroblast) 1 ti) 7 ,  
'3 A. Ritch~e \4. R,tch,e I. I V I I I ~ L I ~  K. t .  S Cat-ipbe , ll.ere derived from sel-ell day.3j fetLlses froin 
R o s n  nsttute, R o s n  Mcloti-at:, EH25 9PS. Scotland 
,,,, the spec~fic patl~o~etl-t ' ree flock a t  PPL un. 
. - Therapeutics (22) .  Sex analysis of each cell 

o 'idliol-i co**espondence s i ou  d be aclcl'essec!. 
iP,esel.t sdclress Ti-erapeatlcs, Ros Iv41doti-lan, strain by the polymerase chain reaction 
E t 2 5  SPD ~cot?:ic!, J<. (PCR)  (23) revealed PDFF5 to be male and 




