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S REER (GH) m%f&éﬂ%ﬁéﬁﬁﬁg ﬁu%ﬁﬁw@ﬁﬁ%w HRREEER
ﬁuﬁ‘]‘ﬁ’]ﬂ@%égg{?(Ganong 1983) - EEEMANER . ER¥ER
4 R#E (Donaldson et al. 1979) o AT Zohar(1989) BECGH T EERKE
EELAXRRBELERENER - A, ECHWESERERHE TEER
EREAEE H R o

BREEANGH cDNAEZR#HHEE s TR EFMEEEREHR
GH(rGH)ME %ﬁﬁ@ﬁﬁiﬁmﬁﬁ@&mead.MWZ&;MH
FEREXKERIE LREHAKEEMN. Bt , EEENEMABNGH
cDNAtEGE Mgk » HEAERBREPEELR - B2 , BREENK
HEREE S EEME , fI0, MEGHERREFERRNENERRE
HHJ 1% (Agellon et al. 1988) » H—&TRKHE AT RTOFERBEEH
EHARATANERERERERUEAMEBGHEKRBENRE
J1(80EE-7.1-#8-121—73) o

RBRERENRERR , EVEUBENREBRELE—E , BERK
B (Petrov et al. 1987), ERrGHRLRERENHEER  REEYE
#% , HETHESS(Sekine et al. 1985, Agellon et al. 1988, Sato et al.
1988) s {Zif(Agellon et al. 1988)E¢EE (Down et al. 1988) o {HEE LS
AEEBER LHBETE - EASECHEERSENREHE , RBFH
FERTRIEEERNEHRSEREIRE , BERER » FEHRT
EEEDR-GHIERTIE , MBEHEESRE - AR, BREREMKRK
At B H RS SR E R EY R E G RBE A 2R B2 (Schaber et
al. 1986) ; [AlF » B ENERAMEMHERINESR G , EE+4%
2 o R » FIATEEHHHFRAEERR o FTIURARSER A EERE
MEZERFHESABLEREENVENEREER (S1EE —12.1-1&
—67—56K82—FHE —1.1—18—56) o
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) RIEHERFMMEGH cDNAFH

B2 % Tsai and Tseng (1992).
) BEEEXFAEGH cDNAKH :

2 %FKuo and Tsai (1993) K Tsai et al. (1993b) °
G ENEHBRREEEABERFAT -

A FTsai et al. (1993a) K Tsai et al. (1994) -

= BREE

) KIEHEHIITHEGH cDNATHE : (Tsai and Tseng 1992)
AEETIESHHRNERBRERETEVLUCEA HENE
R -BTEZIEREEREKRETEEAZEREG » RMABE—E
ERGEREERS RIS REEDNANERNRAEE , E8E
B r L HBpPROKRT(E—) » HRIMEFBELLRELHRE N pATSUTF o

TMH TMIC ARG ﬂ&@ﬁl}mﬁ GMTT GTGAG CGGAT
VAR T CHT T G 0% 7 17 5 25 T2 5 41

@“‘ Scheme for construction of expression plasmid, pPROKRT. The stipple box, heavily
hatched box and empty box represented the fac promoter, rtGH ¢cDNA and 3’ untranslated
region respectively. The arrow indicates the orientation of the tac promoter (Ptac). Amp,
ampicillin resistant gene; ori, origin site of plasmid replication; T1 T2, T1 and T2 transcrip-
tion terminator of E. coli rrnB gene. RBS, ribosomal binding site; E, EcoRI; H, HindlIII;
N, Ndel S, Smal, MCS, multiple cloning site;
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ERHtacREIFAEIE , HrrnBRIETAER - REBEEESED
FEEEEBNERZI6HEE - FARBRISWEE —HIEER
—isoleucine — Z RTRBE TEFTMANKERES Met - Gly — Gly —
Ser—Ala - & pPROKRTEH A BEIM109E R FISDS - X
REHRZBREXKSNEEHE , BHELEFENS —EHEEWER
HaFERN22000EBENELE HE > T H EBinductionfIRERE M
RMMEI(EZ) - EAWestern blotting® B E HE #¥ichum sal-
monERBFEFNBEREREE=) - At , EEARREEHET
PHERGEASNESEISEERR ) HENGERBERELEY
7% » EERFRFRLpAFS1IERN 715 -
(O BEREEHANEGH cDNAKH :

1. {T#8GH cDNAZEERI R RMAIRIU(Tsai et al. 1993b)

I AEE TR RS RcDNAT BRI BER I B B
B EBERMES T » BEFEHE2um orifepisomal plasmid
b o EEERR7.2kbpYERT(E M) - REHFREFRIEHEEE
FEE4EEEEEMet— Gly— Gln—Gly — Ala— AlaFH#& HiTf84
BB R GH) T &S WA N18sEEER - EpYERTEF 2B
B (Saccharomyces cerevisiae 20B12)EF , BiEZ|SUIMEERE R
cDNAREREEF #i(strain Y- 105)» THEREESE , LHEE

M1 23456 M

@: Analysis of proteins by using SDS-PAGE and Coomassie blue staining. The gel was loaded
with 30 to 40 ug total proteins extracted from E. coli JM109. Lane 1, carrying pPROK,
vector with no insert, as control, induced by IPTG for 3h; lane 2, carrying pPROKRT,
vector with rtGH cDNA, induced by IPTG for 1h; lane 3, carrying pPROKRT, 2h induc-
tion; lane 4, as lane 3, but two-fold amount of proteins; lane 5, carrying pPROKRT, 3h
nduction; induction; lane 6, as lane 5, but two-fold amount of proteins; lane M, marker
of molecular weights of proteins in kilodations (kD). The most obviously different band
between the control sample and the experiment samples was indicated by arrow.
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Western blotting analysis of proteins produced by E. coli JIM109. Lane C, carrying pPROK,
vector with no insert, as control, induced by IPTG for 3h; lane 1, carrying pPROKRT, vec-
tor with rtGH ¢DNA, induced by IPTG for 1lh; lane 2 and 3, carrying pPROKRT, 2h
induction; lane 4, carrying pPROKRT, 3h induction; lane M, marker of molecular weights
of proteins kilodaltons (kD). The positive immunoreactive bands were indicated by arrows.

& =

0.8 Kb fragment

EIEI Scheme for pYERT construction. The GAPDH promoter (stipple box), rtGH cDNA (hatch
box) and 3’-noncoding region of GH (empty box) are shown. ori,origin of replicon; Amp,
ampicillin resisitance gene; Trpl, N-(5'-phosphoribosyl)-anthranilate isomerase; ARS,
autonomous replicating sequences; 2u-ori, ori site of 2um-circle plasmid; GAPDH, gly-
ceraldehyde-3-phosphate dehydrogenase; lacZ, encodes f-galactosidase; MCS, multiple
cloning site. Arrow shows transcription direction. B, BamHI; E, EcoRl; H, Hindlll; N,
Ndel; Sm, Smaql; Sp, Sphl.
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SRR » 58 strain Y — 1058IDNA, RNAREHE -
ERBEYETASEARSE20—-25@pYERT(EA) ; B cDNA
e ISR GH mRNAEA) s M EHARBEERKT » B—KENAK

¥
i
R

ﬁ Estimation of the copy number of pYERT harbored in S. cerevisiae Y-105. (A), the EcoRI-
digestion pattern of total DNA extracted from Y-105 if cultured in YM medium at a density
of: 3.2 x 10° cells/ml (middle-log, lane 1); 2 X 107 cells/ml (late-log, lane 2); 2 x 10
cells/m} (stationary, lane 3); and at 2 x 10® cells/ml after 10 generations (stationary, lane
4). (B), autoradiogram of Southern hybridization corresponding to (A). M, molecular
marker of linear DNA fragments in kilo-base pairs. Positive band I and II represent the
leu2 gene and the GH cDNA, respectively. The copy number was determined by using a
demsitormeter to compare the relative intensity of band I to and II.

VAN Analysis of RNA obtained from the recombinant strains of S. cerevisiae 20B12 by hybridiza-
tion with rtGH ¢cDNA. (A): electrophoresis pattern shown on the 1.3% denaturing gel;
15 ug of RNA were loaded per lane. (B): autoradiogram of Northern blot hybridization
corresponding to (A). Lane 1, strain C, harboring pYE8— a vector without insertion of
foreign DNA; lane 2, strain Y-105, harboring pYERT— a vector with insertion of rtGH
c¢DNA; lane M— molecular weight markers of RNA in kilo-nucleotides.
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22kDafVEHE ; hERHEAREENEEREREE L) -
2. EREHIGH CcDNATEBERE 7MW R #Hpre — o — factorfIFE I (Kuo
and Tsai 1993)

NRARCHEERE , AR—BREEREREEDNABELRES
TSR B, BERTESEpre — o — factorRFHIFTE FF)
BH  AB—EBEELumPIRIRER pMAs6/a) L - EEFEE
i AR pMAyp(E/\FIE /L) - EEpMAypZ B ERE (S. cere-
visice 20B12)HIEERIFIRAESDS - % RANGHZBEEXE L
AU B — R WA N ERE REE , EERBEA
BB F4 REEHER-#22000EBE@E 1) - TZEAE BE
HEpMASE/a BN SERBEDNANBEYBESEBERPLER
R -

G ENEHEBEECEAEERTE
1 ENEARSECHBEHMIRHRMARATERZEERS] (Tsai
et al. 1993a)

BEERFR(S. cerevisiae 20B12) B L84 REACCGH)ERNEE

P CEEE) ITEGHERER K (BEHIHE) » 25lRKEER
IR AT » bR EL$10.082, 0.16, 0.85%4%)EEE]

‘ti Protein analysis. (A), about 40 ug of proteins extracted from S. cerevisige 20B12 transfor-
mants were analyzed by SDS-PAGE and Coomassie blue staining in a 13.5% acrylamide
gel. (B), Western blotting analysis corresponding to (A). (C), Western blotting analysis
for yeast cells treated with zymolase. Lane 1, strain C (harboring expression vector pYES
without DNA insertion); lane 2, strain Y-105 (harboring pPYERT, a pYE8 with insertion
of rtGH cDNA); lane 3, strain Y-122 (another transformant harboring pYERT); lane M,
protein markers in kilo-daltons. The proteins in the supernatant fraction were obtained
after yeast cells were lysed and centrifuged (S), or after the Triton-treated pellets were vortexed
in the presence of 8 M urea, then centrifuged (U).
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/ pYAMTS
| (10.0kb)

[ /\ Plasmid construction. The prepro-a-factor leader sequence (hatched box), cDNA encoding
for the mature GH (blacken box) and DNA fragment coding for the Col El plasmid replica-
tion and the selection marker (open box) are shown where 2y, origin of yeast 2 um circle
plasmid repliciation; Trpl, N-(5'-phosphoribosyl)-anthranilate isomerase; Amp, ampicillin
resistance gene; ori, origin of plasmid replication. The genes encoded in pMAS6 and pY AMTS
are surface antigen (stripe box) and pre-S2 segment with surface antigen of hepatitis B
virus (cross box), respectively. Ba, BamHI, Bg, Bglll; E, EcoRl; Sa, Sall; Sm, Smal,
Primers P1 and P2 were used for PCR amplification.

12 3 4N

kb

¥ <05

Ej‘h Restriction enzyzmes analysis of pMAyp. EcoRI (lane 1), Sall (lane 2), Clgl (lane 3) and
BgllI (lane 4) were used to digest pMAyp. Lane M, molecular weights marker of linear
DNA fragments in kilo-base pairs (kb). The arrow indicates the insertion of ypmGH cDNA.
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B+ SDS-PAGE analysis of proteins obtained from the supernatant of yeast transformant

cultures. The electrophorietic patterns of strain S-1 (lane 1; harboring expression vector
with insertion of ypmGH c¢DNA) and strain SC (lane 2; harboring expressin vector without
insertion of DNA) are shown, respectively. Lane M, protein makers in kilo-daltons (kD).
The arrow indicates the rGH secreted by yeasts into the culture medium.

FHE S SRER R , BERK 1 AREANRTANA - BHEAZE
mRE, ERARAENME , £TEH - ERET  FTYBEGERR
£0.8% SrCHER RN R E A 2R sHEMEL BB BRERK
4B 5 (BESL MR AET0.032, 0.165%4 %) FEHER
EEE M E R REE (B —) - MeRFIARETE - HERT
rGHEERH R 1(0.032, 0.16, 0.854 %) EIMHMLES » RMKKR A
EES13.2, 17.5, 87.1%14% o BR » 0.8% rGHEERHH HERIERI
BHEESHEMANKRERE » THEEHREENCGHEE S T Rl
FRERETE ; AL HIrGHIT (4% ) RIR KT TREGER—) -

o A EHESEWEERNRENTH EAABKENRE (Tsai

et al. 1994)

BT KbE S (HEBEHHBAEREEHT  ERIBERER
cDNA) Hl2He4kbEHE ( RemBHmBEEEBES ) NWEBEH
B (S. cerevisiae 20B12)EE SRIBREEEZWERRE » 2O,
0.2, 2B8y% MERME—KERAN, BHEA—R - H480EFS
f8 (Mugil cephalus)$32448 (4208 ) ETHIEEEHIER
B o EEEASDERS S GHNESELER TS CHENI BB '
kERRFHESE , REEZHNINE ; Q& GHEEEERED
Y LIRI2% sodium  alginate K gelatinE B RE AR , HEE
BB 577 5 SR M AR B R R R O IR BRI L BB B (P<<0.01) 5 (3)
SRR BT S BRI (REMNZ) - SEERGRER
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"f“-‘ Effects of rGH yeast lysate as a feeedstuff additive on the average body weights (mean + SD;
n=3) of 12 tilapia fignerlings for each treated dose. Open circle, fed with non-rGH
yeast lysate (as the control groups); closed circles, fed with rGH yeast lysate (as the rtGH
groups). The weight percentage of yeast lysate added to the fish feed as a supplement
was (A) 0.032% (B) 0.16% (C) 0.8% and (D) 4%.

F— The feed efficiency (FE) of tilapia after 10 weeks treatment with
yeast lysates of rGH and non-rGH as a supplement

Amount of Total food fed Weight gain % of FE
Test groups additive (2 () FE increase
1 A 0.032% 175.10 60.99 0.348
B 0.032% 181.42 71.42 0.394 13.2
2 A 0.16% 180.52 61.89 0.343
B 0.16% 170.29 68.62 0.403 17.5
3 A 0.8% 170.66 50.11 0.294
B 0.8% 168.66 . 67.90* 0.403* 37.1
4 A 4% 166.29 57.97 0.339
B 4% 165.46 65.81 0.398 14.0

A, the control groups which were fed the non-rGH yeast lysate (yeast transformant contained
plasmid vector); B, the experimental groups which were fed the rGH yeast lysates (yeast transfor-
mant contained plasmid vector with rtGH cDNA insert). The survival rate of the cultured fingerl-
ings examined through this study was 100%. The calculation of FE was described in text. Asterisk
(*) indicates the significant difference from the control group, p< 0.05.
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% Effects of recombinant growth hormone yeasts administered in
the diet on the total wet weight of juvenile striped mullet in
each group over a 4-week period®.

Weight (g) at week:

Group 0 2 4
Control 42.7+0.3z 60.8+0.2w 75.5+0.1t
YGC-0.5 42.8+0.12 61.6+0.1y 79.6 +0.3x
YGC-2 43.0+£0.2z 62.3+0.2z 85.1+0.2z
YGC-8 42.7+0.1z 61.4+0.1xy 78.3+0.3w
YOC-0.5 42.5+0.2z 61.1+0.1wxy 75.8+0.1t
YOC-2 42.5+0.3z 61.0+0.1wx 77.0+0.luv
YOC-8 42.5+0.1z 60.9+0.1wx 76.9+0.1uv
YG-0.5 42.6+0.2z 61.3£0.1wxy 78.2+0.1w
YG-2 42.7+0.1z 61.4+0.1xy 80.2+0.1y
YG-8 42.6+0.2z 61.2+0.3wxy 78.4+0.0w
YO-2 42.5+0.2z 60.9+0.1wx 76.8+0.1u
YO-8 42.6+0.1z 60.8+0.1wx 77.4+0.1v

“Data are shown as average body weight (mean = SE) of duplicate groups of 20 fish in each treat-
ment. Groups within the same column followed by different letters are significantly different
(P<0.01). Fish were fed meal with coated recombinant growth hormone (rGH) yeasts (YGC),
coated yeasts containing no rGH (YOC), uncoated rGH yeasts (YG), or uncoated yeasts containing
no rGH (YO); doses were 0.5% (—0.5), 2% (—2), or 8% (—8). Control fish were fed the basal
meal only.

FZ= Effects of oral administration of recombinant growth hormone
yeasts on specific growth rate and feed efficiency of juvenile
striped mullet in each treatment over a 4-week period?.

Specific growth rate Feed efficiency

Group (% /d) (g gained/g fed)
*  Group - 2.04 +0.02s 0.38 +0.004t
YGC-0.5 2.22 +0.03xy 0.42 + 0.006xy
YGC-2 2.44 +0.03z 0.47 +0.005z
YGC-8 2.16 + 0.00vwx 0.41 +0.002uvw
YOC-0.5 2.07+0.01st 0.38+0.002t
YOC-2 2.12+0.03tuy 0.40 +0.005uv
YOC-8 2.12+0.02tuv 0.40+0.003uv
YG-0.5 2.17+0.01vwx 0.41 +0.002vwx
YG-2 2.26+0.0ly 0.43 +0.003y
YG-8 2.19+0.02wx 0.41 +0.005wx
YO-2 2.10+0.01stu 0.40+0.002u
YO-8 2.14+0.0luvw 0.40+0.001uvw

*Data are shown as the average (mean =+ SE) of duplicate groups in each treatment. Groups within
in the same column followed by different letters are significantly different (P<0.01). Fish were
fed meal with coated recombinant growth hormone (rGH) yeasts (YGC), coated yeasts containing
no rGH (YOC), uncoated rGH yeasts (YG), or uncoated yeasts containing no rGH (YO); doses
were 0.5% (—0.5), 2% (—2), or 8% (—8). Control fish were fed the basal meal only.
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