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5 'l'he present invention relates to transgenic 
mollusks, in particular shellfish, and further to 
methods of genetic enqineerinq of mollusks, includinq 
abalone. Further, the invention relates to the 
isolation and characterization of abalone actin qene 

10 sequences, and uses thereof. 
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The u.s. market for seafood-is larqe and owinq- _ 
with per capita seafood consumption risinq 23t in the 
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last decade. During this period, the consumer price 
index for seafood jumped 244%, while red meat prices 
rose only half that amount. Despite efforts to manage 
wild f inf ish and sheilf ish populations at a sustained 

5 yield level, _the U.S. consumers increasingly greater 
amounts than it produces from its fishers, thus 
depleting the resource. Ocean harvests worldwide are 
expected to.meet only 90 million metric tons of the 
projected demand of 114 million metric tons in the year 

10 2000 (Harvey, 1990). 
This global picture is mirrored in th~ California 

abalone industry. From 1931 until 1968, commercial 
abalone landings averaged around 900 metric tons a 
year. Since 1968, landings have decreased to 

15 approximately 15% of these levels. This decline has 
been attributed to a number of factors, the most 
important of which is probably fishing pressure brought 
about by demand from the Far East (Tegner, 1989). 

Despite intensive efforts by the California 
20 Department of Fish and Game to restore the fishery, 

current landings remain at their 1968 levels. The 
decline in the California abalone fishery is paralleled 
by similar declines in Mexico (Gutzman del Proo, 1992), 
south Africa (Tarr, 1992), and Australia (Prince and 

25 Shepherd, 1992). 
As the supply of abalone diminishes, their per 

limit value continues to increase. Between 1973 and 
1988, the price paid to divers has increased 800%, over 
twice the rate of inflation (Tegner, et al., 1992). 

30 This increased demand has led to the development of 
techniques for commercial cultivation. These efforts 
have been concentrated mainly in Japan and.California, 
although California is unique in the development of 
seawater systems for intensive cultivation on land 

35 (Ebert, 1992). 
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In one as~ect the present invention inclu 
transqenic mollusk containinq a DNA sequence 

·'-

5 

heterolo~ous to the mollusk. The heteroloqous 
sequence may ~ .. inteqrated or extrachromosomal. 
~odiment the; DNA sequence is flanked by regu 

one 

sequences, whi~ are effective to allow expres 
the DNA sequen~e in the mollusk (e.g., express 
RNA or protein). These regulatory sequences ca 

10 derived from a mollusk, such as abalone, or '.'.~ro other 
$Ources, inclu~ing Drosophlla melanogaster qene • 
Embodiments of the invention include use of act ri gene 
regulatory se~ences from either Drosophjla 
melanogaster o* abalone. A preferred embodimen 

15 utilizes the acptin qene promoter described here 
In one emlpodiment of the invention, the re latory 

sequences are 4erived from the Drosophlla melan 
ACT-5 promoter and the heterologous DNA sequenc 
encodes coho s4lmon qrowth hormone. When this 

20 construct is u•ed to generate transgenic abalon , 
qrowth of the •balone is enhanced. 

Heterolog~us DNA sequences useful in the p actice 
of the present invention include DNA sequences at 
encode products that promote qroWtb enhancement (e.g., 

25 a qrowth hormone or insulin-like qrowth factor) 
FUrther includ•d are other DNA sequences encodi 
products af f ectinq the taste or textlire of moll sk 
tissue. 

The pres~t invention also includ•s e:xpres 
30 vectors usefu.l for makinq transqenic mollusks b 

method of the present invention. Expression ve 
typically include (i) a first· DNA sequence fla 
regulatory el~ents effective to allow express! 
the sequence in a mollusk, wherein the regulato 

35 elements are derived from a mollusk gene, and ( i) 
second DNA sequences allowinq the propaqation o 
vector in a secondary host. Exemplary second 

. ., 
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include DNA sequences havinq an oriqin of replication 
and a selectable marker, which are both functional in 
the secondary host. Secondary hosts include bacteria, 
yeast and insect cells. The expression vectors can 

5 carry the regulatory elements and DNA codinq sequences 
discussed above. 

10 

In another embodiment, the present invention 
includes an expression vector containinq an abalone 
actin qene promoter reqion adjacent a cloninq site 
useful to facilitate the insertion of any codinq 
sequence of interest. 

'l'he present.invention also includes a method for 
transfectinq a mollusk. In the method, a vector is 
provided which contains DNA sequences of interest. The 

15 vector is introduced into a selected mollusk, for 
example, by electroporation. Transfected mollusks, 
that is, mollusks now bearinq the DNA of interest, are 
identified based on the presence of the DNA sequence, 
for example, by hybridization analysis or by 

20 manifestation of a characteristic associated with the 
DNA sequence.(e.g., presence of a reporter qene). 

The DNA sequence can encode a gene that promotes 
qrowth enhancement, such as, a qrowth factor or an 
insulin-like qrowth factor. 

25 . The introduced DNA may.be inteqrated or extra-
chromosomal. In one embodiment, introduction of the 
DNA is accomplished by electroporatiriq the vector into 
a fertilized mollusk egg, for example, a fertilized 
abalone eqq. Typically, the DNA sequence is flanked by 

30 requlatory sequences which are effective to.allow 
expression of the DNA sequence in the transqenic 
mollusk. 

Another embodiment of the present invention 
includes a method for the recombinant expression of a 

35 protein in a mollusk. The method includes using a 
transqenic mollusk carryinq a heteroloqous DNA sequence 

:_:;;: 
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encodinq a pro~ein grown under conditions perm'ssive 
for the expres~ion the protein. 

The inven~ion further includes a method f 
enhancing the growth of a mollusk, where a tra 

5 mollusk is gen•rated that carries a heterologo 
sequence encodlng a gene that promotes qrowth 
enhancement (et>g., a qrowth hormone or insulin- ike 
qrowth factor). The transgenic mollusk is then 
cultured under conditions permissive for the qr wth 

10 enhancing prot•in. .,.,. ... .. ·:::;;-

The present invention also includes 
fragment containing a DNA sequence encoding a 
polypeptide, aJl,id adjacent the DNA sequence, a p omoter 
effective to p~omote transcription of the polyp ptide, 

15 where the promoter is an abalone actin gene pro 
and the DNA sequence is not the abalone actin q 
this embodiment, the polypeptide coding sequenc 
heteroloqous tq the promoter sequences. In one 
embodiment, the DNA sequence is a gene that pro 

20 qrowth enhancmaent, such as, a qrowth hormone ( 
coho salmon qrowth hormone) or insulin-like qro 
factor. 

Such duplex DNA fragments are useful, for 
as expression cassettes for insertion into any 

25 of interest. 
In another aspect, the invention includes 

In 

for the production of a polyploid mollusk, for xample, 
abalone. In th• method, a fertilized abalone e g is 
treated with cytochalasin B to induce polyp~oid • 

30 treated eqcJ is then cultured under conditions t 
development of the egg into a pqlyploid orqanis • In 
one embodiment, the treatment with cytochalasin :B 
results in a greater than 70% inhibition of pol body 
formation. Such polyploid organisms are useful for 

35 their enhanced growth properties. 
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These and other objects and features of the 
invention will be more fully appreciated when the 
following detailed description of the invention is read 
in conjunction with the accompanying drawings. 

BRiii' QISCBinio• or :rJ11 PIGURJ!iS 

Figure 1 demonstrates uptake and retention of 
plasmid DNA into electroporated abalone eggs. 

Figure 2 shows retention of electroporated DNA in 
10 three-month-old juvenile abalone. 

Figure 3A shows a partial restriction map of 
potential junction fragments. Figure 3B shows DNA 
hybridization data for transgenic abalone. 

Figure 4 represents expression of ~-galactosidase 
lS in electroporated larvae. 

Figure SA shows a schematic of an actin gene and 
an internal 400 bp region. Figure SB shows PCR 

amplification of actin-specific sequences. 
Figure 6 shows a comparison of weight of abalone 

20 transformed with pLH3 with non-transgenic controls. 

2S 

Figure 7 presents a schematic map of vector pMK26 
containing the Drosophila melanogaster ACT SC promoter. 

Figures SA and SB sChematically represents the 
steps involved in the isolation of the abalone actin 
promoter. 

Figure 9 presents the sequence (SEQ ID N0:5) of 
the abalone actin promoter and adjacent regions. 

Figure 10 presents a schematic of the structure of 
the abalone actin promoter • 

.. 
30 Figure 11 presents a schematic map of "Vector pLUC 

35 

containing the luciferase reporter gene. 
Figure 12 presents a schematic map of vector 

pCMVtkLUC, a control plasmid containing the luciferase 
reporter gene. 

DnAIJ·ID DBSCBIP'1JOll or m l:llDgJOll 

I. DEFIHITIO!!S 

/ 



W095120872 

10 

Homoloqous DNA refers to 
host orqanism by recombinant means. 

. . 

Heterologous DNA refers to DNA which bas 
transfected i~to a host orqanism. Typically, 

5 qous DNA refers to DNA that is not oriqinally erived 
from the transfected or transformed cells' q mic DNA 
(e.g., CA'l' an' p-qalactosidase qene sequences). 

However, any DNA introduced into an orqanism 
recombinant means is ref erred to as heteroloq 

10 (e.g., introduction into an abalone of an exp ......... 
vector carryinq abalone qrowth hormone qene). 

Extra-chromosomal DNA refers to plasmid 
introduced into a host cell, where the plasm! 

· not inteqrated into the qenomic DNA of the ho 
15 The term "mollusk" herein refers to memb 

phylum Mollusca, includinq, the classes Bival 
oysters), Gastropoda (e.g., abalone), and Cep 
(e.g., squid). 

20 II. 
TRABsQllIG SfflLLFISR 

A. I"'91JtlC'l'IOJf or ExOGINOtlS DNA 
The development of an effective method 

production of transqenic mollusks need tQ tak · 
25 account certain peculiarities of the organism • An 

30 

exemplary mollusk, for the purposes of the pr 
invention, is abalone. 

Abalone belong to a loose group of'marin 
invertebrates known as "broadcast spawners." 
organisms, fertilization is external and ii'"p 

.the release of large numbers of sperm and eqq from 
qravid adults. A larqe adult female (7 inche ') will 
produce on the order of 10 million eqqs and, 
hatchery conditions, fertilization rates qrea 

35 95% are achieved. 
Develop•ent proceeds rapidly and synchro 

Meiosis I (appearance of the first polar body is 

by 
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complete by 20 minutes; Meiosis II (appearance of the 
second polar body) is complete by 30 minutes, and the 
first cleavage is complete by 2 hours. By 24 hours, 
gastrulation is completed and a velum, a simple 

5 locomotory system for swimming, has developed. 
At this point, the egg hatches, releasing a 

veliger larva. During the next 24 hours, the primary 
differentiation of virtually all adult tissue occurs, 
resulting in what is termed a trochophore larva. 

10 Trochophore development continues for five to seven 
days, at which time settlement occurs. 

Settlement involves·attachment of the animal to a 
solid substrate, after which it loses its swimming 
apparatus, develops an adult shell, and begins grazing. 

15 For reasons which are not well understood, settlement 
results in large mortalities -- under hatchery 
conditions, only two to five percent of competent 
veliger larvae successfully settle. While this is not 
a major hindrance to hatcheries, due to the high 

20 fecundity of the organism, it does impose problems for 
development of an efficient transgenic technology. 

To improve the chances for integration of 
exogenous DNA into the germ-line, the DNA is introduced 
prior to the first mitotic cleavage. Introducing DNA 

25 by electroporation allows treatment of a large number 
of eggs within relatively short time frame of the first 
mitotic cleavage (approximately two hours). Although 
introduction of DNA by electroporation is a pref erred 
embodiment of the invention, alternative approaches to 

30 introducing exogenous DNA may be used as we'll, such as 
microinjection. 

A further consideration when dealing with the 
transfection of abalone is its position in the animal 
~ingdom and the influence of this position up~n the 

35 choice of suitable promoters for use in expression 
vectors. "Classic" ~-· ··rtebrate expression vectors 
usually employ promoters which are expressed at high 
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levels in a n~er of tissues. Most popular 
these ar the p~omoters derived from the lonq t 
repeats (LTRs),of the retroviruses cytomeqalov rus 
(CMV) and Rous, sarcoma virus (RSV). 

5 However, pecause Qf the evolutionary dist 
separatinq ve*ebrates and mo~lusks, vertebrat 
promoters are ~ot likely to effect expression 
molluscan tissµe. Experiments performed in su , ort of 

: . . 
the present invention have utilized D. melanog ~ter 

10 promoters (e.gi., ACTS-c; Koelle, 1993), an O.Eg ' ism 
more closely r•lated to mollusks than vertebra 
Other D. melanpgaster promoters/expression vec 
also be useful in the practice of the present 
(e.g., Rio, et al., ,1985; Davies, et al., 

15 Schweinfest, e~ al., 1988). 
! 

Exemplary plasmid pMK18 is described 
Plasmid pMK18 pontains the ACT5-c promoter, a 
promoter. Thf:s promoter was chosen because th 

expressed thr~qhout development, as well as i most 
20· adult tissues . (Fryberq, et al., 1983). The pl smid 

contains an "expression cassette" consistinq o 
coli 6-qalactqsidase qene and the 5' untransla ed 
region of the ubx qene. 

Experiments performed in support of the p esent 
25 invention uti~ized plasmid pMIC18 for transfect on of 

fertilized ab~lone eggs by electroporation. I itial 
optimization ~f electroporation conditions was 
accomplished ~sing dot blot hybridization to d .tect 
introduction of &Xogenous DNA into the f ertili ed eggs . _, .. ,. .... 

30 (EXample 2). ,DNA was extracted from 11inqle.,eg s or 
larvae, whi"ch was then fixed to nitrocellulose 'and 
hybridized with the appropriate radiolabeled p asmid 
DNA. 

Dot blots were performed at.two time poin (i) 
35 at the two-to-four cell stage -- to monitor DN. uptake, 

and (ii) immediately after hatching -- to moni or DNA 
retention. A typical dot blot after optimizat on of 
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electroporation conditions is shown in Figure 1 
(Example 3). In the figure it can be seen that DNA is 
taken up and retained in approximately so-100' of all 
electroporated eqqs. 

5 To test for expression of the exogenous DNA in the 
transqenic abalone, pools of fifty larvae were 
collected at various times during the period of larval 
development-and assayed for p-qalactosidase activity 
(Example 4). The results of these assays are shown in 

10 Fiqure·4. The data demonstrate that p-qalactosidase is 
expressed when pMKlS (~-actin promoter) is employed. 

Activity is observed in trochophore larvae (day 
one), and this activity r~aches a maximum in veliqer 
larvae (day two). The decline .in enzyme activity is 

15 not due to loss of plasmid sequences, since dot blots 
reveal the retention of plasmid DNA throughout the 
larval period. The peak of p-qalactosidase activity 
apparently occurs between the transition from 
trochophore to veliger -- a point of maximal cell 

20 division. Since P-actin levels are positively 
correlated with cell division, it may be that the 
Drosophila actin promoter is actinq in a 
developmentally correct manner. 

The data also demonstrate that the vertebrate 
25 retroviral promoter CMV does not seem to be active. 

Similar results were obtained with the RSV promoter. 
To test whether plasmid DNA was.retained and 

expressed post-settlement, approximately 61 000 eqqs 

were electroporated usinq pMKlS DNA from which we 
30 subsequently obtained approximately 200 juveniles. The 

juveniles were sampled at three, six, and nine months 
of aqe (Example 3). A typical dot blot from three­
months-old juveniles is shown in Figure 2. 

Of the nine animals tested, all retained DNA and, 
35 of these, six showed significant levels of ~­

qalactosidase expression (Table 1; assayed e~sentially 
as described in Example"4). 

.. ,J 

/ 
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5 

3 7.4 

cotitrol 4 7.0 

10 5 . 6".5 ("l!oi,~ ' ... , .... 

6 6.0 

7 6.3 

8 6.7 

9 7.3 . 

15 8.0 

trC$,nsqenic 19.2 
1 

tr4Jtsqenic 12.0 
2 

20 transgenic 25.0 
3 

transgenic 12.6 
4 

transqenic 14.5 
25 5 

tr411sqenic 7.8 
6 

tr~nsgenic 12.8 
7 

30 tr•nsgenic 8.4 
8 

transqenic 14.0 

' 
9 

transgenic 16.0 
35 ~o 

•p-galactosidase activity is 
defined as fluorescence at 450 
nm/ao min/mg DNA. The activity is. 
the average of two determinations 

40 with an error of 1 to 2,. 
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Similar resuits were obtained from six- and nine­
months old juvenile abalone. Although plasmid DNA 
persists in juveniles, it must be integrated into 
genomic DNA for stable transgenic lines to be 

5 established •. DNA hybridization analysis of uncut 
genomic DNA revealed that the plasmid sequences were 
high molecular weight DNA. Such high molecular weight 
could-be due to concatenation, or to concatenation and 
integration. 

10 To distinguish between these possibilities, 
genomic DNA was cut with HindIII which cuts 
asymmetrically in the BcoRI linearized plasmid used for 
electroporation (Example~, Figure 3A). The DNA was 
analyzed by hybridization with a 200 bp fragment of 

15 pMK18 (Figure 3A). 
The results of the hybridization analysis were as 

follows. A strong 8 kb signal, corresponding to two of 
the three possible types of concatenates, was observed 
in all genomic DNA samples. A faint approximately 16 

20 kb signal, corresponding to the third type of 
concatenate, was observed in some of the blots. These 
results suggest that most of the concatenates may be 
head-to-tail multimers, as has been observed in fish 
(Stuart, et al., 1988; Chong and Vielkind, 1989). 

25 Junction fragments were observed approximately 70% 
of the time, suggesting an extremely high degree of 
integration. An autoradiogram showing both integrate~ 
and un-integrated DNA is shown in Figure 3B (Example 
3). 

30 Although the ACTS-C promoter functions in both 
larvae and juvenile abalone, it appears to do s~ at 
only about s to 1ot efficiency relative to its 
expression in Drosophila S2 cells. Development of more 
efficient mollusk expression vectors is described 

35 below. 
Transgenic abalone carrying the coho salmon Growth 

Hormone (csGB) gene (Gonzalez-Villansenor, et al.) 
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under the regulation of the ACT5-C promoter ha e also 
been construc~ed. The sequence.of the csGH q 
presented as ~EQ ID N0:1. The vector containi 
csGH qene und~r ACT5-C control was desiqnated 

5 The weiqht di~tributions of transqenic abalone 
carryinq the pLH2 vector, relative to control wild . . 

type) abalone ,were determined. Fiqure 6 shows the 
result of one ,such analysis. The data in the iqure 
demonstrate t!\at the transqenic abalone have a wider 

... 

10 weiqht distri~ution wi_th a hiqher mean weiq~:t . an the 
non-transqeniq controls. These results demons ate the 
efficacy of qEtneratinq transqenic mollusks hav nq 
enhanced qrowtih properties. 

The prod~ction of qynoqens and triploids an be 
15 accomplished ~y chemical induction of polyploi y, in 

particular, 't?tiploids and tetraploids. 1 

induction can:be carried out by treatment with 
cytochalasin 8 at a specific phase of the orq 
life cycle, s~ch as at m•iosis I or meiosis II In the 

20 method, a fertilized abalone eqg is provided. The 
fertilized ef19 is typically a diploid eqq, but may be a 
different plo~dy, such as tetraploid. 

The fert~lized egq is then treated with a . . 

concentration.of cytochalasin B effective to i duce 
25 polyploidy. ~is concentration is dependent o. the 

type of egg ~ing treated. Effective concentr tion can 
be determinediempirically. For abalone, the p eferred 
concentration range of cytochalasin B is about 0.1 mg/l 
to 1 mg/l. . .. 

30 The treated egq is then allowed to develo into a 
polyploid org.niam. If the fertilized egg is iploid, 
the resultinq polyploid orqanism is typically riploid 
or tetraploid. 

Treatment with cytochalasin B is typicall carried 
35 out to block Meiosis I, Meiosis II, or both Me.osis I 

and II •.. In a preferred embodiment, such treat nq 
results in a greater than 70% inhibition of po ar body 
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formation. such treatment also provides a method for 
enhancement of growth of abalone since polyploid 
orqanisms typically have enhanced qrowth properties 
relative to the same organisms having a normal 

5 complement of chromosomes (usually diploid). 
Gynogens permit selfing within one generation and 

provide a mechanism to rapidly homozygose transgenics, 
as well as expedite more classical breeding approaches. 
For example, qynogens are used on the Fl to homozygose 

10 transgenes -- the·F2 are then be made sterile by 
producing triploids. 

Furthermore, triploids (which comprise one 
component in the production of qynogens) allow 
production of sterile seed stock, thereby mitigating 

15 against environmental concerns over genetically 
engineered.orqanisms. 

III. DlyELoPHEN'l' or SBILJ,PISR Ymm>Bs 
The present invention also relates to the 

20 development of "all abalone" or "all mollusc" 
expression vectors. Inducible promoters, such as, 
metallothionein and heat shock promoters (as previously 
used in fish) can be induced by external stimuli. 
However, such inducible promoters are not realistically 

25 adaptable to large-scale·co~ercial production. 
Grow out of abalone occurs in tanlts with 

continuously flowin9 seawater. It would not be cost• 
effective nor environmentally prudent to attempt to 
·requlate water temperature or chemical composition on 

30 the scale which industrial production demands. 

A. IsoLATIOR or Al! ABALmg 8-Ac'l'IR PROMODB 

Experiments performed in support of the present 
invention are directed to the construction of an 

35 abalone expression vectors using the ~-actin promoter. 
This promoter was selected based on two considerations. 
First, ~-actin in expressed in hiqh levels in a number 
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of adult tissu~s (Fryberq, et al., 1983). sec d, it 
is possible toi modulate P-actin promoter activ ty by 
constructinq ~ctors with differinq combinatio . of 
elements responsible for expression (Liu, et a·., 

a . 

5 !990a; Liu, et; al., l990c). This property is : portant 
for expression of some proteins, such as qr 

where the resPionse of an orqanism is dependent 
level of circ~latinq hormone. · In the case of 
hormone (GH), ,orqanismal qrowth is proportiona • 

10 hormone concentration up to a certain optimum, : .. ~ .... 

which it has either no or even sliqhtly inhibi 
effects (Aqel~on,. et al., 1988; Moriyama, 1992 • 

The actiq qenes are a multiqene family 
(VanderkerckhQve and Weber, l978a, l978b). Be the 

15 qenes are hiq~ly conserved, it is not possible:to 
desiqn either probes or primers which distinqu sh P­
actins from a- or ~-actins. In contrast, the 
untranslated ireqions.do not show extensive hom 
(Fryberq, _et 41., 1983; Liu, et al., 1990c) an 

20 used to ident~fy a specific actin DNA sequence 
To isola:t;e.the abalone P-actin qene, a po 

the codinq reqion of the qene was first isolat d by 
polymerase chain reaction amplification (Examp e SA). 
Usinq a set of degenerate primers for inverte ate 

25 acti:n, an appi-oximately 400 _bp fragment within_the 
codinq reqion.of the abalone P-actin qene was solated 

(Example SA, Fiqures SA, SB and 8A). 
From the approximately 400 bp sequence, lone #-

actin sequence specific primers are synthes;_ze • Using 
30 these primers~ both the three and five prime e·ds of 

the qene are isolated usinq the PCR rapid ampl.fication 
of cDNA ends (PCR-RACE) reaction (Frohman, 198., 1990). 

After isolation of the 5' and 3' ends, 
sequences are determined. Oliqonucleotide pr 

35 specific to the 5' and 3' untranslated ends o 
are synthesized. These oligonucleotides are 
hybridization probes against abalone genomtc 
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carried in lambda-gtlO (Strataqene, La Jolla CA). 
Positively hybridizinq clones are identified and 
subject to restriction endonuclease cleavaqe mappinq. 
Cleavaqe fragments are hybridized with the 

5 oliqonucleotides to identify appropriately sized 
restriction fragments containinq the actin qene and its 
promoter, as well as 3' and 5' untranslated reqions. 

The 'actin qene-containinq restriction fragment is 
cloned by construction of a size-selected library usinq 

10 st·andard techniques (Sambrook, et al., 1989). The DNA 
sequence of the entire actin insert is then determined. 

Sequences comprisinq a 5' reqion of the abalone 
actin qene, inclu~inq 5' ~on~translated sequences have 
been determined (Example SB). These sequences are 

15 shown in Fiqure 9 (SEQ ID NO:S). Fiqure 10 presents a 
schematic representation of the reqion of the actin 
qene that has been sequenced. Transient expression 
assays (Example SB, Table 2) demonstrate that the actin 
qene promoter is functional. 

20 The abalone P-actin qene can be used to construct 

expression vectors (Example SC). In one embodiment, 
the abalone actin promot~r sequences can be used to 
construct vectors useful for the transformation of 
abalone, for example, where a qrowth hormone gene is 

25 placed under its control. 

30 

Promoters from other suitable mollusk qenes (for 
example, bexokinase, phosphoqlycerate k~nase, pyruvate 
kinase) can be isolated f ollowinq the procedures 
essentially as described herein for ,8-actin;. 

B. COQTBPCTIOR or EJmSSIOR VICTORS 
Actin promoter specific motifs are identified by 

comparison with the other actin promoters. Similar 
comparisons can be made for other isolated abalone 

35 qenes. Promoter reqions and other 5' and 3' functional 
reqions are identified by deletion mapping (Example 
SB). Deletions are sequenced and the end-points, 
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relative to the entire actin gene clone, are 

determined. ~lasmids are constructed containi 

various propottions of the promoter 

untranslated tegions. 
Polylink•r sites are typically inserted 

3' 

and 3' untran.lated gene regulatory regions fo rapid 

cloning. Polflinkers usually containing a n 

unique restri~tion enzyme endonuclease sites, .g., as 

in the polyli~er of pUC18 (Clontech, Palo Alt CA)). 

10 Expression ve~tor DNA uptake and DNA integrati 
; ' 

fertilized egfs is determined as described in 

2 and 3. 
Actin ge~e expression cassettes (i.e., 5' 3' actin 

sequences flanking· a polylinker) are typically cloned. 

15 into shuttle vectors for ease of manipulation 

isolation of large quantities of vector DNA. 

of such shuttle vectors are commercially avail 

(Clontech, Palo Alto, CA; Stratagene, La Jolla 

Shuttle vecto~s typically contain an origin of 

20 tion (for pla•mid propagation in a selected ho 

the origin of replication can be colEl-type) a d a 

25 

selectable mat"ker gene which allows selection 

host cells (e.g., for bacteria, the p-lactamas 

(Amp•)). 

C. Ql.ID.TIOI or LlylLS or Eppss;ro11 

Levels of gene expression using the expr sion 

vectors of th• present invention, are determi 

generation of transgenic abalone and chara~~e zation 

30 of expression of the heterologous DNA in livi larvae 

and juveniles. A number of reporter genes ar .useful 

for the quantitation of gene expression, incl · ing, P­

35 

galactosidase, chloramphenicol acetyltransfer 

and luciferase (de Wet, et al., 1987; Gibbs, 

1991) genes. Typically, the reporter gene is 

into.the expression cassette (e.g., the actin 

expression cassette) as an in-frame fusion. 

al. I 
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Levels of gene expression are quantitated by 
standard enzymatic assays for the detection of the 
selected reporter gene (e.g., CAT enzyme assay systems, 
Promega, Madison WI). 

5 Further, quantitation of the levels of expression 

10 

is performed using RNA hybridization analysis (Ausubel, 
et al.; Sambrook, et al.) and comparing the levels of 
the endogenous gene RNA (e.g., ~--ctin mRNA) to the 
levels of reporter gene RNA ( e·. g. , lucif erase mRNA) • 

IV. ISQLATION or SHELLFISH Gms AnECTING GRQWTR 

A. GROW'l'H HORMQP GQES 

Insertion of growth hormone (GH) genes has 
resulted in increased growth rates in a number of 

15 commercially important aquatic organisms, such as loach 
(Misgurnus anguillicaudatus) (Zhu, et al., 1986), carp 
(Cyprinus carpio) (Zhang, et al., 1990), Atlantic 
salmon (Salmo salar) (Rokones, et al., 1989; Du, et 
al., 1992), rainbow trout (Onorhynchus mydiss) 

20 (Guyomard, et al., 1989), northern pike (Bsox lucius) 
and walleye (Stisostedion vitreum) (Moav, et al., 
1992a). Transgenic fish are typically one to three 
times larger than their non-transgenic siblings. 

Commercially important shellfish -- abalone and 
25 oysters,. respond to exogenous GB (Morse, et al., 1981, 

1984). Incubation of abalone larvae at metamorphosis 
with human GR resulted in approximately a lOt increase 

·•;'in shel.l length after four days. Recently, Moriyama 
(1992) has shown that either injection or immersion of 

30 juvenile abalone with recombinant salmon hormone 
results in· a two-to-three-fold weight increase. 

Similar results have been reported by Paynter and 
Chen (1991) for the eastern oyster (Crassostrea 
vi.rginica). The positive effects of GB on these 

35 shellfish most likely reflect the presence of complex 
hormonal systems in th~ primitive mollusks (Joosse and 
Garaerts, 1983). Consistent with this interpretation, 

i .. 
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Moriyama and ~is colleagues have isolated and 
purified a qrowth hormone-like peptide from ab 
and this peptide also stimulates qrowth (Moriy 
al., 1989, 1992). 

s The pres•nt invention describes recombina 
vectors and m•thods by which qenes may be intr duced 
that affect m~llusk qrowth. 
the present invention, the abalon~ GH qene is 
in, for exampie, the actin cassette expression vector 

10 such that the resultinq protein expression pr .uct is 
an actin/GH f~sion protein. Alternatively, 
regulatory setuences are used to replace the 
regulatory se~ences, thus placinq the GH qen 
the transcrip~ional and translational control 

15 actin qene re~latory sequences. 
FUrther, the methods of the present inve 

be used to modify endoqenous copies of the GH 
deletinq normal GB gene regulatory sequences 
replacing them with regulatory sequences conf 

20 higher levels of expression (i.e., qene repla 

B. OTQB PoUftIALLX UQl'tJL Gms 

In addition to the use of abalone growth 
gene to enhance the growth rates and ultimate sizes of 

25 transgenic al:).alone, the Insulin-like Growth F tor (IGF 
l) gene may_ also be used to enhance growth vi its 
positive regulation of GB (Sara and Ball, 199 )'. The 
IGF 1 g~ne has recently been isolated from oy ters. 
IGF 1-like s~ences from a variety of. organi can be 

: ... ·.•·· 
30 used to generate degenerate primers. for the .. i :olation 

35 

of the abalone homologue of the IGF 1 gene (a 
described herein for isolation of the abalone P-actin 

qene). 

v. QT:u.m 

The present invention includes a method f trans­
f orminq members of the phylum mollusca. This phylum 
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includes·the class Gastropoda, wnich includes abalones. 

A. VEC'l'OBS AND STRAIN VARIAR'l'S 

s The present invention provides vectors suitable 
for the transformation of mollusks. Such vectors can 
be sold individually or in kits for use in the 
transf ection and transformation methods of the present 
invention. Kits may also include buffers useful for 

10 transformation. 
The vectors and methods of the present invention 

can be used to generate transgenic aquatic organisms, 
such as, transgenic abalone. The vectors and methods 
can be used to introduce heterologous DNA or, 

15 alternatively, ~o modify endogenous genes by 
recombinant genetic methods. such transgenic organisms 
may be manipulated to have enhanced qrowth rates as 
described above. In addition to increased qrowth, 
strains may be engineered that have other properties 

20 such as disease resistance, shell and/or meat 
coloration, meat texture, and taste. This technoloqy 
can be extended to other commercially important 
mollusks as well as abalone. 

25 B. GBQTIC AHALXSlS 

The transf ection method of the present invention 
complements more classical genetic approaches. The 
efficiency of gene expression described herein makes 
possible detailed studies on the expression· of genes 

30 important to the processes of qrowth and orcjanismal 
development. Further, the transformed orqanisms of the 
present invention provide means for screening compounds 
(typically by employing the effects of such compounds 
on the expression of reporter genes, e.g., a reporter 

35 gene under the control of the GH promoter) effective to 
interfere with or promote such processes. The 
transgenic mollusks of the present invention are also 
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vehicles for the expression of heteroloqous 
e~coded by ON~ introduced by transfection. 

----r 

The vect~rs and methods of the present 
also provide ~he means tor recombinant qeneti 

' 
5 manipulations.of mollusks, includinq qene rep cements 

and gene knock-outs. 

While pr•ferred embodiments, uses, and m , ods of 
practicinq th. present invention have been de cribed in 

10 detail, it wi~l be appreciated that various·_~:'o 
formulations, and methods of practice as indi 
herein are within the contemplation of the pr 
invention. 

15 MATIBIALS Mp METHQDS 

E. coli DNA polymerase I (Klenow 
obtained from; Boehringer Mannheim Biochemical 
(Indianapolis, IN). T4 DNA ligase and T4 DNA 
polymerase were obtained from New England Bio 

20 (Beverly, MA) :1 Nitrocellulose filters were o 
from Schleicher and Schuell (Keene, NH). 

) was 
(BMB) 

Syntheti,c oligonucleotide linkers and pr 
prepared usinq commercially available automat 

s were 

nucleotide synthesizers. Alternatively, cust 
25 designed synthetic oligonucleotides may be p ;chased,_ 

for example, -from Synthetic Genetics (San Die o, CA) • 

cDNA synthesis kit and random priming labelin kits 

30 

~ere obtained from Boehringer-Mannheim Bioche 
(BMB, Indian•polis, IN). 

Oligonu~leotide sequences encoding pepti 
either synthesized directly by standard_meth 
oligonucleotide synthesis, or, in the case of 
coding sequences, synthesized by a series of 
steps involving a tandem array of multiple 

35 oligonucleotide fraqments corresponding to 
sequence (crea; Yoshio, et al.; Eaton, et al~ • 
Oligonucleotide coding sequences can be ex.pre by 

be 
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standard recombinant procedures (Maniatis, et al.; 

Ausubel, et al.). 
Standard molecular biology and cloninq techniques 

were performed essentially as previously described in 

5 Ausubel, et al., Sambrook, et al., and Maniatis, etfal. 

Polymerase chain reactions were carried out 
essentially per the manufacturer's instructions. 

Polymerase chain reaction methods are qenerally 

described in Kawasaki, Mullis, and Mullis, et al. 

10 .;. Fertilized eqqs were obtained from Pacific 

Mariculture Inc., 5515 Coast Road, Santa Cruz, CA 
95060. Other sources for fertilized eqqs are as 
follows: The Abalone Farm Inc., P.O. Box 136, Cayocos, 
CA 93430; and Ab Lab, 560 Center Drive, Port Hueneme, 

15 CA 93043-4328. 

EXAMPLE 1 
COISDlJCTIOI! or fLASMIDS 

The plasmids pMK18 and pLH2 were constructed from 

20 pMK26 (Fiqure 7; Koelle, et al., 1991, pMK26 • 
pAct/SV40/BS). Plasmid pMK26 contains the Drosophila 

melanogaster AC'l'5-C promoter, a ~-actin promoter. This 
promoter is expressed throuqhout development and in 

most adult tissues (Fryberq, et al.,· 1983). Both 

25 vectors were constructed from pMK26 modified as 

follows: pMK26 was partially diqested with BcoRI and 

the· BcoRI site, next to the KpnI site in pMK26 (Fiqur~ 

7).·~ was filled in usinq Klenow and dNTPs (Ausubel, et 
a1·.; Maniatis, et al.). The resultinq plasmid was 

30 recircularized by blunt end liqation and a modified 
pMK26 havinq a sinqle BcoRI site was identified by 
restriction mappinq. 

pMK 18 was constructed by insertinq the 4.8 P­
qalactosidase ubx cassette of cP bxd6.2 (Irvine, et 

35 al., 1991) by blunt end liqation of the fraqment into 

the.smaI site of mo~ified-pMK26. For electroporation 
plasmids were linearized at the unique BcoRI site. 
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For the qonstruction of pLH2, 
fragment containing the csGH gene, 
the 5'-untransaated leader and 373 BP of the 3 
untranslated region, were obtained from pRSVCS 

5 (Gonzalez-Villansenor, et al.). The HindIII f 
was ligated injto the unique HindIII site in ~ 

... 

modified pMK26: poly linker. This plasmid was l'nearized 
with EcoRI for: electroporation. 
csGH is presented as SEQ ID N0:1. The entire 

10 translated seqUence of csGH is presented as-~SE 

15 

N0:2. 
The pLUC vector was generated as follows. 

kb XhoI/StyI f~agment of pXP2 (Nordeen, Biota 
~:454-457, 1988) was isolated which contains 
luciferase gene and SV40 regulatory sequences. 
fragment was cloned into XhoI/StyI digested pB 
(Boshart, et al., Gene ll.Q.:129-130, 1992) to g 

promoter-less luciferase-containing vector. 
The pCMVtltLUC vector contained the lucif e 

20 under the control of an HSV thymidine kinase p 
with a CMV enhancer. 

EXAMPLE 2 
1Jrl'B<>Dt1CTIOR. or DJfA l:lfl'O ABALog 

25 For introduction of DNA, 200 µl of fertili 
abalone eqqs, at a concentration of 4000-6000 e qs/200 
"l, were added to each Baekon 2000 electroporat 
cuvette. Each cuvette contained 100 "l of lin 
plasmid DNA, at a concentration of 2 mq/ml, and 400 "l 

.. :-1-· 30 of artificial seawater. ,,. 
A typical artificial sea water is compose· as 

follows: 24.72 q/l NaCl, 0.67 q/l KCl, 1.36 g/ 
CaC12•2(B,0), 4.66 q/l MqCli•4(B,O), 6.29 q/l 
MgS04 •7(B,O), o.1a g/l sodium carbonate, pH 7.8. 

35 Electroporation condition were as follows: 10KV, 
6 cycles, pulse time:l60uS, and burst time 1.6 econds. 
Following electroporation, the eggs were put in o 1 
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liter of sea water containing 100 µg/l each penicillin 
and streptomycin (pen/strep; Life Technologies, 
Gaithersburg MD). The eggs/larvae were cultured at 14°C 
with aeration. The seawater/pen/ strep were changed 

5 every day. 

10 

EXAMPLE 3 
GEUQMIC DNA HYBRIDIZATIOlf ANALYSIS 

or TBAlfSGENic ABALONE 
A. PNA UPTW AND RITEN'l'ION 

Abalone eggs, transfected with the vectors 
described above, were evaluated for the presence of 
transf ecting DNA~ DNA was extracted from 
electroporated eggs two hours (first cleavage division) 

15 and twenty-four hours (trochophore larvae) post­
fertilization (Hahn, 1989). The first time point 
monitored DNA uptake, while the second monitored DNA 
retention. 

For each time point a pool of 5 eggs or larvae 
20 were ground in 10 µl of TE (Maniatis, et al.) in an 

"EPPENDORF" microcentrifuge tube using a homogenizer. 
Debris was cleared and the nucleic acid precipitated. 
Resuspended DNA samples were then transferred to 
nitrocellulose using a dot blot capture system 

25 (Ausubel, et al.; Schlei~er and Schuell). 
Exemplary results of such a dot blot analysis is 

presented in Figure 1. This figure demonstrates uptake 
and retention of plasmid DNA into electroporated 
abalone eggs. The DNA bound to the nitrocellulose 

30 filters was hybridized with radiolabeled plasmid pMI<lS 
DNA (random primer, Boehringer-~annheim, Indianapolis 
IN). In Figure 1, the first two slots from the left, 
in the bottom row of the two hour samples, are DNA 
extracted from non-electroporated eggs. The standards 

35 are presented in the top panel of the figure, from left 
to right, 600, 300; 100, 60 and 30 picograms of pMI<lS 
DNA. 
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The data obtained in this manner suqqeste 
DNA is taken ~p and retained in approximately 
of all electrqporated eqqs. 

5 B • RIDJ"'IOI! or TWSDCDD PNA 

Abalone transfected with the pMK18 vector were 
qrown. DNA w•s extracted from three-month-old 
juveniles and;analyzed by dot blots usinq radi.labeled 
plasmid pMKlS:DNA. Figure 2 shows the dot bl 

10 hybridization: data for the transqenic abaloge 
-.~;~. 

transformed controls. Concentration standard 
(from left tori~ht) 600, 400, 100, 60, 30, 1, 6 and 3 
picoqrams of pMK18 DNA. 

The results in Figure 2 demonstrate the 
15 of electroporated DNA in three-month-old juv 

abalone. 

c. 
TRNJsGINIC MALog 

20 The DNA ,samples isolated from 3 month ol juvenile 
transqenic a~alone (above) were loaded onto a 
qels, size f~actionated and transferred to 
nitrocellulo•e filters (Ausubel, et al.; Samb ook, et 
al.). The filters were hybridized with radio ctively 

25 labeled pMK18. Autorad~oqrams of these filte:s · 
demonstrated that the pMK1s· homoloqous sequen es were 
present in h~qh molecular weiqht DNA·. The re ults are 
presented in Figure 3B. In the figure, the D A samples 
in the two l•nes were isolated from two diff e ent 

30 animals. The DNA in the left hand panel is';: i teqrated. 
Tbe DNA in t!le riqht hand panel has not int· 

To dist~nquish between concatemers and 
of pMK18, the qenomic DNA samples were diqes 
the restrict:ion endonuclease HindIII. 

35 endonuclease cuts asymmetrically in the Bea 
linearized plasmid that was used for electro oration 
(see Fiqure JA). Tbe DNA on the nitrocellul se filters 
was hybridized with a 200 bp polymerase chai reaction 
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{Perkin-Elmer/Cetus, Norwalk CT) amplified fragment 
from an 8 kb HindIII/EcoRI fragment of _pMK18 (see 
Figure 3A). 

A strong a kb signal was observed that 
5 corresponded to two of the three possible types of 

concatenates (Figure 3B). The 8 kb signal was observed 
in all genomic DNA samples indicating the presence of 
concatenates in each sample. 

An approximately 16 kb signal was also observed in 
10 some of the DNA samples. The 16 kb signal corresponded 

to the third type of concatenate (Figure 3A). These 
results suggest that most of the concatenates may be 
head-to-tail multimers. 

Junction fragments were observed in approximately 
15 70t of the DNA samples derived from transgenic abalone 

(Figure 3B, e.g., signals appearing at molecular 
weights of less than 8 kb). This result suggests an 
extremely high degree of integration. 

20 EXAMPLE 4 
AHAI,xs:rs or Gip Epgssxo• 1u TRAl!sgu1c ABAI.oNI 

The vector pMIC18 contained an expression cassette 
for P-galactosidase. Transgenic abalone bearing the 
vector were assayed for the expression of a-

25 galactosidase over time. 
Pools of fifty larvae were extracted at various 

intervals during the period of larval development and 
the levels of a-galactosidase determined using the 
fluorescent substrate 4-methylumbelliferyl-a-D-

30 galactoside (Sigma Chemical co., st. Louis, MO) 
essentially as previously described by Koelle, et al. 
(1991). 

Figure 4 presents the data from exemplary 
fluorescence experiments for the expression of a-

35 galactosidase in electroporated larvae. Fluorescence 
units are on the Y-axis and time in days (post 
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fertilization) is presented of the x-axis. 
activity is elfPressed in arbitrary fluorescenc 

The data presented in Fiqure 4 are the av rage 5 
separate electroporation experiments for plasm ds pMKlS 

5 and two separate experiments for control plasm d 
CMVLac. CMVlac is a vector carrying the 
cytomegalovirus promoter adjacent the fJ-galact 

gene (e.g., "PCMVfJ" Clontech, Palo Alto~). e 

standard errots have not been computed; howeve , the 
10 variation among experiments was less than·· st~ 

The data'suggest that 6-galactosidase is 

when pMKlS (IJ•actin promoter) was employed. 
decline in entyme ~ctivity is not due to loss 
plasmid sequences, since dot blots reveal the 

15 of plasmid DH~ throughout the larval period. 

20 

25 

The vertebrate retroviral promoter CMV d 
seem to be active in transgenic abalone. Simi 
results were obtained with the RSV promoter. 

A. 

EXAMPLE 5 

IplJ!TIFIQA'l'IOlf MP -XSOLaTiOI or ABAL0Q 
AQ'J:II Gm MP COISTBUQ'l'IOI or 

MoLJ,psg 1xmss101 YlcmM 
Isolation of an Approximately 400 B 
Fragment of the Abalone Actin Gene. 

Pair 

A set of degenerate primers for inverteb ate actin 
(based on the "GENBANK" sequences for D. Mel ogaster 
(SCX, BF, 87BJ, B. lloryJ. (Al, A2, A3) actin q es) was 
designed. The sequences of these primers are presented 

30 as SEQ ID lf0:3 and SEQ ID R0:4. These primer amplify 
an approximately 400 bp fragment within the·t at 
coding regions (Figure SA). A schematic of e 
isolation of this approximately 400 bp fragme t is 
presented in Figure SA. 

35 RNA was-isolated from abalone ovary tiss 
cox I Methods in Enzymology, L. Grossman and 
Moldave, Eds., Vol 12, partB. pp. 120-129, Ac demic 



W09S/20872 PCT/US95/0l477 

31 

press, Orlando, FL, (1988); "RNAZOL" kit from Tel-Test, 

Inc. Friendswood, Texas). 
cDNA was synthesized from 5 µq of total ovary RNA, 

in a final volume of 20 µl, usinq 10 µl of reverse 

s transcriptase (Invitroqen, San Dieqo, CA). one µl of 

each cDNA sample was used in a 100 µl polymerase chain 

reaction (PCR) includinq the primers at 20 µM. 

Polymerase chain reaction conditions and protocols were 

qenerally similar to those found in commercially 

10 available kits (Perkin-Elmer, Norwalk, CT) •.. 

Amplified products were resolved on the basis of 

size usinq electrophoresis. After amplification, 

approximately 7% of each reaction product mixture was 

separated by electrophoresis in 1% aqarose qels (FMC 

15 Bioproducts, Rockport, ME). Gels were stained with 

ethidium bromide for visualization under UV 

illumination. 
The results of one such analysis are presented in 

Fiqure SB. The first lane of the f iqure shows the 

20 amplification products resulting from amplification 

utilizinq the degenerate actin primer set and DNA from 

ovary. The second lane shows the amplification 

products resultinq from amplification utilizinq the 

deqenerate actin primer set and total abalone ovary 

25 RNA. The expected amplification product of 

approximately 400 bp was observed in the second lane. 

The sequence of this 400 bp fraqment was confirmed 

by·stan~ard DNA sequencing methods. 

30 B. Isolation of the Abalone Actin Promoter 
Sequences. 

Abalone actin gene sequence specific primers were 

derived from the approximately 400 base pair sequence 

de·scribed above. A primer was selected to be 

35 complementary to the DNA strand correspondinq ·to the 

actin protein codinq sequence (Figure SB). 
An abalone qenomic· DNA library was qenerated in 

lambda qt 10 (Ausubel, et al.; Strataqene). This 

. ~· 
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library was mpployed as the DNA substrate in p lymerase 
chain reaction amplifications using the actin 
primer just d+scribed as the first primer and set of 
random primer$ (BMB, Indianapoiis, IN) as the 
primer (Figur$ 8B). 

Genomic •alking experiments lead to the i 
of the genomi~ coding sequences of the abalone actin 
gene. Figure,9 (SEQ ID N0:5) pre1!5ents a parti:l 
sequence of 1~40 base pairs representing a 5' 

10 region of the.actin gene and accompanying 51 n n-coding 
sequences. s~encing and RNase protection as 
performed in order to map the gene's intron po 
and the transqription start po~nt. 
the abalone g•ne corresponding to the sequence 

e of 

15 presented in Figure 9 is diagrammatically repr'sented 
in Figure 10. Promoter motifs (e.g., the TATA box) and 
the promoter region are illustrated in the f i e, as 
are two axons and an intron of the actin prote n coding 
region. 

20 The two •xpression vector constructs were created 
with the actin sequences. First, essentially e 
entire clone •as introduced into the multiple 
site of the vector pLUC (Figure 11). 
designated pAl$Al600LUC. A second vector was 

25 having approx~tely the first 800 bp of SEQ I 
introduced into the multiple cloning site of p UC 
(designated ~800LUC). The reporter qene in these 
vector constr1*cts was the luciferase qene (LUC • 

pABA1600l;UC, pABA800LUC, pLUC (negative 
30 Example 1) and pCMVtkLUC (positive control1 · · 

were transf ected into Human Embryonic Kidney c 11 Line 
ATK293 following standard calcium phosphate 
transfection procedures. 

Transient expression assays using these 
35 transformed call lines were performed. The ac ivity of 

the abalone adtin promoter in the transf ection assays 
was determined as fg Luciferase per u qalactos dase. 
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Percent activity was determined relative to the 
neqative control (cells transformed with pLUC alone). 
The results of· this analysis are presented in Table 2. 

'1@1• 2 

pLUC 7 

pCMVt:kLUC 382 311 ... 

pABA1600LUC 47 38 

pABA800LUC 123 100 

These results demonstrate the ability of the 
cloned actin sequences to provide promoter function 
in expression vector constructs. 

c. Generation of Abalone Actin Promoter-Based 
Vectors. 

For ease of manipulation, the P-actin sequences 
are cloned into a shuttle vector. For example, the 

20 "SK+ BLUESCRIPT" vector provided sequences allowinq 
the replication and selection.of the vector . 
constructs in a bacterial host. Other known 
bacterial vector systems (e.g., Clontech, Palo Alto 
CA) can be used in this capacity as well. Further, 

25 yeast vectors can be used in the practice of the 
present invention (e.g., Hitzeman, et al.; Rutter, et 
al. ; Oeda, et al.) • The yeast transformation host is 
typically Saccharomyces cerevisiae, however, other 
yeast suitable for transformation can be used as well 

30 {e.g., Schizosacc:haromyc:es pombe). 
For qeneratinq vectors for the expression of 

heteroloqous DNA {DNA not oriqinally derived from the 
orqanism beinq transformed), transcriptional and 
translational requlatory sequences {includinq initia-

35 tion and termination sequences) are typically · 
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obtained from 5' and 3' non-codinq reqions 
(as described; above for P-actin from abalone). 

To furth•r characterize specific active 
sequences, th• 5' non-codinq sequences, conta 

s actin qene promoter sequences identified by s 
com~arisons <riqure 10), and contiquous 5' co 
sequences are. fused in-frame to reporter prot 
codinq sequenpes, such as Jl-qalactosidase, lu iferase 

or chloramphenicol acetyltransferase (CAT) (G an). 
10 A series of plasmids, containinq the P~a tin 5'-

end and repor!ter qene, are constructed by Exo III 
diqestion of :the 5' distal end of the promote 
containinq r~qion (Hoheis.el and Pohl, 1986; H 
1987). The qeletion series is transfected in o 

15 abalone eqqs 'as described above and the eqqs 
for the expr•ssion of the reporter qene. Pla 
expressinq the reporter qene are sequenced to 
determine the endpoints of the deletions. 

Appropriate expression plasmids are cons ructed 
20 containinq various proportions of the actin p 

and the 5' and 3' untranslated reqions. Uni 
restriction sites will be inserted between th 5' and 
3' untranslated reqions for rapid cloninq. 
uptake and i•teqration usinq this vector is 

25 determined by dot blots and.DNA hybridization assays,­
as described above. 

While the invention has been described w th 

reference to specific methods and embodime~ts it 
30 will be appreciated that various modification and 

chanqes may be made without departinq from. 
invention. 
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(xi) SJ:QUBRCE DESCRIPTION: SEQ ID NO:l: 

'l'ACA'l'AC'l'CA ACCCACCACC GCACT'?TCAA GftAAG'l'AAC CA'l'CC'l''l'GGC AAftAAGAG'l' 60 

AAAAATGGGA CAAG'l'GftTC 'l'GC'l'GA'l'GCC AG'l'C'l''l'AC'l'G G'l'CAGT'l'Gft 'l'CCTGAGTCA 120 

AGGGGCAGCC A'l'AGAAAACC AACCGCTC'l'T CAACA'l'CGCG G'l'CAG'l'CGGG 'l'GCAACATC'l' 180 

CCACC'l'A'l''l'G GC'l'CAGAAAA 'l'GftCAA'l'GA C'l'T'l'GACCGT ACCC'l'GT'l'GC C'l'GA'l'GAACG 240 

CAGACAGC'l'G AACAAGATAT TCCTGCTGGA CftC'l'GTAAC TC'l'GAC'l'CCA TCG'l'GAGCCC 300 

AGTCCACAAG CACGAGAC'l'C AGAAGAGTTC AG'l'CCTGAAG C'l'GC'l'CCATA ftTCft'l'CCG 360 

TC'l'GAT'l'GAA TCCTGGGAGT ACCC'l'AGCCA GACCCTGA'l'C ATC'l'CCAACA GCC'l'ATTGGT 420 

CGGAAACGCC AACCAGA'l'C'l' C'l'GAGAAGC'l' CAGCGACC'l'C AAAG'l'GGGCA TCAACC'l'GC'l' 480 

CATCA'l'GGGG AGCCAGGA'l'G GCC'l'AC'l'GAG CCTGGA'l'GAC AA'l'GAC'l'C'l'C AGCAGCTGCC 540 

CCCC'l'ACGGG AAC'l'AC'l'ACC AGAACCCGGG GGGCGACGGA AACGTCAGGA GGAAC'l'ACGA 600 

GTTG'l''l'GGC'l' 'l'GCftCAAGA AGGACA'l'GCA CAAGGTCGAG ACC'l'ACCTGA CCGTCGCCAA 660 

G'l'GCAGGAAG TCACTGGAGG CCAAC'l'GCAC TC'l'GTAGACG 'l'GGGCTGGAG AGGCAGCCAG 720 

CAAGAGCC'l'G TC'l'CCAGGG'l' TTGGTTTCCC AGATACAGAT TAGGCC'l'TGC CC'l'GCAC'l'GA 780 

GG'l'GCATTTT CAAT'l'GAGAT TC'l'CCAT'l'GA ACA'l'GC'l'TTT CAG'l'C'l'AGAG 'l'AAftTCAft 840 . . 

ftGGATCTGG TAGAGCC'l'GA C'l'CCAGGGGT TTTCAGGCAT T'MCAC'l'TTT ftTC'l'C'l'GAA 900 

ATCAACAACA ACACTTTC'l'A TAT'l'GAC'l'C'l' ATCACTC'l'GA GC'l'ACCAT'M AftAGTACAT 960 

ftA'l'AGAAAA GGTTAftAAA 'l'G'l'CftA'rft AGATA'l'A'l'GG ftCA'l'GGCCG 'l'GC'l'AC'l'Gft 1020 

'l'A'l'GCATACG ftAATATTTA GGGGTGAAA'l' GGGAAC'l"l'GT AGAGC'l'CCAA GCTTT'l'GGA'l' 1080 

AA'l'A'l'ATTTT AGAG'l'AATTT CCft'l'AAGTA ftftCAftCC ftAA'l'CftAT 'l'Gft'l'GAAAC 1140 

TAA'l'AG'l'GA'l' 'l'CA'l'GTTTCA A'l'AAAGA'l'G'l' TCftC'l'C'l'GC AGCA.•-•-•-•-:t..A AAAAAAAAAA 1200 

A 1201 
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(2) INFORMATION FOR SEQ ID N0121 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 210 .-ino acid• 
(B) 'l'YPE: amino acid 
(D) TOPOLOG'fl li,iear 

(ii:) MOLECULE TYPlh prptein 

(iii) B'fPOTHBTICAL: NO 

(iv) ANTI-SBNSB1 NO 

(vi) ORIGINAL SOURCES 

PCT/U 5/01477 

(C) INDIVIDUAL ISOLATE: Coho Salmon Growth Hormone 

(xi) SEQUENCE DESCRIPTiONI SEQ ID N012s 

Met Gly Gln Val Phe Leu Leu Ket Pro Val Leu Leu Val Ser Cya ha 
1 5 10 15 

Leu Ser Gln Gly Ala Ala Ila Glu Aan Gln Arg Leu Ph• Aan Ile 
20 25 30 

Val Ser Arg Val Gln Bia Leu Bia Leu Leu Ala Gln Lya Hat Pha 
35 40 45 

Aap Pha Aap Gly Thr Lau Leu Pro Asp Glu Aig Arg Gln Leu Aan ya 
50 55 60 

Ila Ph• Lau Leu Asp Ph• Cy• Asn Ser Asp Ser Ile Val Ser Pro 
65 70 75 

Aap LY• Bi• Glu Thr Gln LY• Ser Sar Val Leu Lys Lau Leu ~!· 
85 90 95 

Ser Phe Arg Leu Ila Glu Sar Trp Glu Tyr Pro Sar Gln Thr Leu 
100 105 110 

~le Ser Aan Ser Leu Leu Val Gly Aan Ala Aan Gln Ile Ser Glu ya 
115 120 125 

Leu Ser Aap Leu Lya Val Gly Ile Aan Leu Lau Ile Mat Gly Ser ln 
130 135 140 
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Asp Gly Lau Lau Sar Lau Asp Asp Aan Asp Sar Gln Gln Lau Pro Arq 

145 150 155 ·1&0 

Tyr Gly Aan 'l'yr 'l'yr Gln Aan Pro Gly Gly Asp Gly Aan Val Arg Arg 

165 170 175 

Aan 'l'yr Glu Leu Lau Ala Cya Phe Lys Lya Asp Met Bia Lya Val Glu 

180 185 190 

Thr 'l'yr Lau Thr Val Ala Lya cys Arg Lya Ser Lau Glu.Ala Asn.Cya 

Thr Leu 
210 

195 200 205 

(2) INFORMA'l'IOH FOR SEQ ID 80131 

(i) SEQUEBCB CBARACTBRISTICS1 

(A) LEHGTB1 29 base pair• 
(B) TYPE: nucleic acid 

(C) STRABDBDRBSSa single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPBI DBA (genomic) 

(iii) BYPOTBB'l'ICAL: HO 

(iv) ABTI-SBHSB: HO 

(vi) ORIGIBAL SOURCB: 

(C) IBDIVIDUAL ISOLATB1 Actin 5' Primer 

( ixl:···l'BA'.rURBa 

(A) DHB/DYa miac_feature 
( B). LOCATION: 12 
(D) OTBBR IRPORMA'l'IOH: /note• •Where II is c or T• 

( ix) l"BATUD I 

(A) HAMB/DY: miec_feature 

(B} LOCA'l'ION1 24 

(D) OTHER IRPORMA'l'IOHa /note• •Where B ia c or '1'• 

( ix) l"BATUD I 

{A) HAMB/DY: miac_feature 

(B) LOCA'l'ION1 27 
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(D) OTHER INF01'1A'l'ION: /note• "Where N is G or A" 

(xi) SEQUBNCJ!l DESCRIP,'?ION: SEQ ID N013: 

GAGAAGATGA CBCAGATCAT G'l"l'NGARAC 

(2) INFORMA'l'IOH FOR SEQ ID N014: 

(i) SEQUBNCJ!l CBARAC'$RIS'l'ICS: 
(A) LBNG'l'B: 30 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLBCULE TYPE: DNA (genomic) 

(iii} HrPO'l'BE'l'ICAL1 RO 

(iv) AR'l'I-SEHSE1 RO 

(vi) ORIGINAL SOURCB1 
(C) INDIVIDUAL ISOLATE: Actin 3' Primer 

(ix} i'EA'l'UREI 

(A) NAMB/DY1 miac_feature 
(B) LOCA'l'IOH: 4 
(D) O'l'HBR INPORMATIOlh /note• •Where II ia G or Inoaine 

( ix) i'EA'l'URE I 

(A) NAMB/DYI ID!l.•c_feature 
(B) LOCATION: 7 

(D) OTHER IRFORHA'l'ION: /note• •Where II is c or G• 

(ix) DA'l'URE: 

(~) HAMB/DY: ID!l.ac_feature 
(B) LOCATION: 16 

'fl~~­
... ; .... i~ .... 

(D) OTHER INPORMATIOlh /note• "Where II is G or Inoaine 

( ix ) FEA'l'URB: 

(A) NAMB/DY: miac_feature 
(B) LOCATION: 17 
(D) O'l'HER INFORMATION: /note• •Where N is G or A• 

(ix) PEA'l'URE: 

29 
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(B) LOCATION: 18 
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(D) OTHER IRFORMA'1'IOR: /note• "Where R is '1' or c• 

(xi) SEQUERCB DESCRIPTION: SEQ ID R0:4: 

CATRATRGAG TTG'1'ARRRGG '1'CTCGTGGA'1' 

(2) IRl'ORMA'1'ION FOR SEQ ID N015: 

(i) SBQUBRCB CHARACTERISTICS: 
(A) LBNGTB1 1540 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDBDDSS: double 
(D) TOPOI.OGY: linear 

(ii) MOLECULE TYPE: DRA (genomic) 

(iii) HYPOTHETICAL: RO 

(iv) AR'l'I-SBNSE: RO 

(vi) ORIGINAL SOUJlCBa 

PCl'/US95/01477 
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(C) INDIVIDUAL ISOLATB1 ABU.OD ACTIB GBNB SBQUBBCB 

(xi) SBQOBNCB DBSCRIPTIOlll SBQ ID N01S1 

GGAACAGTG'1' CAAACA'l'A'l'A 'l'ACAAGCTTG A'MGTGAGAA A'1'ATTAGCA'1' '1'AA'1'ACTGTC 60 

ACTTGTTGTT 'l'AGCA'l'ATTA T'f'tCTGATA'l' A'l'AAATACTT AGGAAA'n'CT A1"1Tl'"!CTCA 120 

~. ·. ·. 

ATCATCTCTA 'l'GTTGACA'l'A CGTTTTATCA '1'CCAGATTA'1' CU.'1'GAAAG'1' CGAAAAGATT 240 

ACU.CTCCCT CTGAAA'l'A'l'G.AA'l'ATTCACA GTTTAGAGGG CAAG'l'AAAGC CAACACAAC'l' 300 

ACTTTGCACG GCGAGAACU. GCU.'1'A'1'CAG GGTGTTACA'1' TCTG'l'ACAft CGTTAGA'1'A'1' 360 

TTTACTTCTG GGTCCH.TCC TTATTACACA CTGCATTTCT TCCAGGAAG'l' TTGGA'l'A'l'AA 420 

CTTTACAATG CTTTA'l'AACT GA'l'GAG'l'AG'l' AAGCGTTG'l'A 'l'GGATTTTAG AA'l'CTATGCA 480 

TTTCCCU.'l'A A'1'GCTGA'1'A'1' AftCATTTAA CTTAATTTA'l' '1'ACCAGCA'1'C ACATTCT'MC 540 
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ATTCATGCTC GTCAGCTCGA GAAGCGCTTC CCCATTCTCC GCGCACCATA CCACGTGG 600 

TGCAGATCAC CCCCGACTGT GACACAT'l'CT TCCACATGTA CACATGAAAG GTTGTTA: 720 

AATATAATAC ATTAGAAGGG TATATTTATT ACAAT'l'ACAA TGGTTACGTT TCTAT'l'A: 780 

TCAAACACAA TCTGATTGGT CGCCTACTAA TGGGGTATGT ATAAAAGACG CCTGGGT 840 

AACATCGATA TTGCATCCGC TTTCAGTCt'l' CAGCTGACAC ATCGTCTTTC CCGTTTCT 900 
.,. 
'h" 

CACAGCAACC TACAACCATG GATGATGATG TTGCTGCATT GGTCTGTGAC AACGGCTC 960 

GCATGTGCAA GGCCGGT'l'TT GCCGGTGACG ACGCTCCCAG AGCTGTCTTC CCCTCCAT 1020 

TCGGCCGTCC TAGACATCAG GTAACACCGT T'l'ATTGTCAC CATGGTAACA TAGAGGTT 1080 

AGACCTGAAA TATTTAGT'l'T CGCCTACAT'l' TCGTCTCTGT AGAATACACG ACGTCGT 1140 

TAATGACAAA TGATTTCTTG TT'l'CAGGGTG TGATGGT'l'GG 'l'ATGGG'l'CAG AAAGACAG 1200 

ACGTCGGTGA CGAGGCTCAG TCCAAGAGAG GTATCCTCAC TCTCAAGTAT CCCATCGAG 1260 

AGGCCAACCG TGAAAAGATG ACOCAGATCA TGTTCGAGAC CTTCAACTCT CCAGCTATG 1440 

GTGTGGCCAT CCAGGCTGT'l' CTGTCTCTG'l' ACGCTTCTGG TCGTACCACG GGTATTG 1500 

TGGACTCTGG TGATGGTGTT ACCCACACTG T'l'CCCATCTA 1540 

, . . . ,,. ... ~ .... 
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IT IS CLAIMED: ; 11111111111111 11111 1111111 1111 
* C L· M S * 

1. A transgenic mollusk containing a DNA sequence 
heterologous to said mollusk. 

2. A transgenic mollusk of claim 1, where said 
DNA sequence is integrated at a genomic DNA site of 
said mollusk. 

10 3. A transgenic mollusk of claim 1, where said 
DNA sequence is extra-chromosomal. 

4. A transgenic mo~lusk of claim 1, where said 
DNA sequence is flanked by regulatory sequences, and 

15 where said regulatory sequences are effective to allow 
expression in said mollusk of said DNA sequence. 

20 

5. A transgenic mollusk of claim 4, where said 
regulatory sequences are derived from said mollusk. 

6. A transqenic mollusk of claim 5, where said 
regulatory sequences include promoter sequences derived 
from an actin gene. 

25 7. A transgenic mollusk of claim 6, where said 
promoter sequences are derived from an abalone actin 
gene. 

s. A transqenic mollusk of claim 7, where said 
30 promoter is derived from SEQ ID N0:5. 

35 

9. A transqenic mollusk of claim 4, where said 
DNA sequence is flanked by regulatory sequences derived 
from a Drosophila melanogaster gene. 

10·. A transgenic mollusk of claim 9, w~ere said 
regulatory sequences are derived from the ACT-5 

-·~ 

·~ 
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promoter, and said heterologous DNA sequence 
coho salmon growth hormone. 

11. A tr,ansgenic mollusk of 
5 heterologous_D~A sequence encodes a gene that 

growth enhanct$ent. 

10 

15 

12. A transgenic mollusk of claim 11, wh 
gene encodes a growth factor or an insulin-lik 
factor. 

13. A transgenic mollusk of claim 12, 
gene encodes cpho salmon groWth hormone. 

· 14. A tr•nsgenic mollusk of any of clai 
13, where said.mollusk is an abalone. 

15. A method for enhancing the growth of 
mollusk, comprising 

20 culturing a transgenic mollusk, containin 
heterologous »•A sequence encoding a protein, 
said heterologous DNA sequence (i) is flanked 
regulatory elements effective to allow express! 
the encoded protein in said mollusk, and (ii)' 

25 gene that promcptes growth enhancement, where sa 
culturing is under conditions permissive for th 

expression the protein. 

said 

16. A me~od of claim 15, where said~~J::an,genic 
30 · mollusk is a t~ansgenic mollusk of any of claim 2-14. 

17. A method for the recombinant express! n of a 
protein in a mollusk, comprising 

culturing-a transgenic mollusk, containing:a 
35 heterologous DNA sequence encoding a protein, w.:ere 

said heterologous DNA sequence is flanked by re latory 
elements effective to allow expression of the 
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protein in said mollusk, where said culturing is under 
conditions permissive for the expression the protein. 

18. A method of claim 17, where said transgenic 
s mollusk is a transgenic mollusk of any of claims 2-14. 

19. An expressioD vector useful for transforma­
tion of a mollusk, comprising 

a first DNA sequence flanked by regulatory 
10 elements effective to allow expression of the sequence 

·in said mollusk, wherein said regulatory elements are 
derived from a mollusk gene, and 

15 

second DNA sequence~ allowing the propagation of 
the vector in a secondary host. 

20. An expression vector of claim 19, where said 
secondary DNA sequences include an origin of replica­
tion and a selectable marker. 

20 21. An expression vector of claim 19, where said 
secondary host is bacterial. 

22. An expression vector of claim 19, wherein 
said regulatory elements are derived from a mollusk 

25 act in gene. 

30 

23. An expression vector of claim 22, wherein 
said regulatory elements include promoter sequences 
from an abalone actin gene. 

24. An expression vector of claim 23, where said 
promoter sequences are derived from SEQ ID N0:5. 

25. An expression vector of claim 19, where said 
35 first DNA sequence encodes a growth hormone or insulin­

like growth factor. 
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26. An expression vector of claim 25, wh re said 
growth hormone is coho salmon growth hormone. 

27. An expression vector of any of claim 19 to 
5 26, where said mollusk is an abalone. 

10 

ing, 
28. A method for .transfecting a mollusk, compris-

providing a 
introducipg 
identifyi:ng 

vector containing a DNA seque 
said vector into said mollµsk 

•.• 7. 

a transf ected mollusk based o 
and 

the 
presence of said DNA sequence. 

29. A method of claim 28, where said vec or is a 
15 vector of any of claims l.9 to 2 6. 

30. A method of claim 28, where said tra sfecting 
includes integx-ation of the vector at a genomi site. 

20 31. The method of claim 28, wherein said intro-
ducing is accomplished by electroporation. 

32. A method of claim 31, where said int oducing 
is accomplished by electroporating s.aid vector into a 

25 fertilized mollusk egg. 

30 

33. A method of any of claims 28 to 32, here 
said mollusk is an abalone. 

34. A duplex DNA fragment containing 
a DNA sequence encoding a polypeptide, 

said DNA sequence a promoter-effective to prom e 
transcription of said DNA sequence, where said promoter 
is an abalone actin gene promoter and said DNA sequence 

35 is heterologous to the abalone actin gene prom ter. 
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35. A duplex DNA fragment of claim 34, where the 
polypeptide promotes gr~wth enhancement and is a qrowth 
hormone or insulin-like growth factor. 

s 36. A duplex DNA fragment of claim 35, where said 
growth hormone is coho salmon growth hormone. 

37. A method for the production of a polyploid 
abalone comprising: 

10 a) ·providing a fertilized abalone egg, 

15 

b) treating the fertilized egg with cytochalasin B 
to induce polyploidy, 

c) allowing the treated egg to develop into a 
polyploid organism. 

38. A method of claim 37, wherein said treating 
results in a greater than 70% inhibition of polar body 
formation. 


