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ON MICROCOMPUTER CONTROL FOR ENERGY
SAVE DEFROSTING SYSTEM IN
REFRIGERATING INSTALLATION

Ge Mao-quan and Zhou Hong
(Depastment of Food Science and Teclnology, SFU . 200090)

ABSTRACT  This paper aims at studying the microcomputer control for the refri-
gerating installation of middle or small size. The schematic diagram of software de-
sign, the principle of connection line for input and output interface, the microcomputer
control system for the installation and the designs of software and hardware for auto-
defrost system of energy-save type were studied in the paper. The microcomputer control
has the features of small dimension, high controllability, good stability and reliability,
low cost, etc, and is appropriate to the self-test and real-time control of the refrigerating
installation in the process of running. Hence, it will help commercialize the energy
save defrosting system for the refrigerating installation by microcomputer control.
EKEYWORDS refrigerating installation, microcomputer control, designs of software
and hardware, auto-defrost
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FISH BIOTECHNOLOGY IN CHINA

Zhang Ying-pei and Lou Yun-dong
(Depariment of Aquaculture, SFU, 200090)

ABSTRACT This review summarises the recent ad vancement of fish biotechnology
in China. By means of temperature shock and hydrostatic pressure, Chinese scientists
obtained six autopolyploid and two allopolyploid fishes. Combining the induced
gynogenesis with the technique of sex reversal, Chinese scientists developed a method of
establishing fish inbred lines. Several nucleo-cytoplasmic hybrids were obtained by
combination of nuclei and cytoplasms from different species, genera and subfamilies. A
nuclear transplanted fish was also obtained from the nucleus of short-term cultured
kidney cell of crucian carp, which suggested the nucleus of fish somatic cell still retained
totiptency. FElectric field and laser microbeam were employed to induce the fusion
between fish unfertilized eggs and blastula cells and between fertilized eggs respectively,
fry or larvae were obtained in these experiments. To produce fast-growing transgenic
fish, Chinese scientists made a serial investigations on integration, transcription, ex-
pression and biological effects of human growth hormone gene in fish. The method of
gene transfer employed by Chinese scientists included microinjection, electroporation
and exposure of spermatozoa to DNA followed by insemination. Sofar, Chinese scien-
tists have cloned seven fish genes, i.e., growth hormone genes of Cyprinus carpio,
Ctenopyharyngodon idellus and Oncorhynchus keta, beta-actin genes of C. carpio and C.
idellus, prolactin cDNA of Oncorhynchus tschawytscha and antifreeze peptide ¢cDNA of
Pseudoplewronectes yokokamae.

KEYWORDS fish biotechnology, ploidy manipulation, nuclear transplantation,
cell fusion, gene transfer, gene cloning

In the past decade, Chinese scientists paid much attention to fish genetic research.
As a result, great progress has been made in fish biotechnology in China. The efforts
to breed new cultural varieties with better traits promoted the rapid application of new
technology in fis hbreeding. In the paper,some important achievements will be reviewed.

1993-05-28 i B,
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1 PLOIDY MANIPULATION

So far, Chinese scientists have obtained eight artificially induced polyploid fishes,
including triploids of Cyprinus carpid''?), Cienopharyngodon idellus''®’, Salmo gairdneri®®’
and Hypophthalmichthys molitriz'14), autotetraploids of S. gairdneri'?’ and Aristichthys
mobilist?®) and allotetraploids of Carassius awratus cuvieri X Cyprinus carpiot?* and C .car pio
X C. idellus'??), The triploids of C. carpioand C. idellus displayed higher growth rates
than the corresponding diploids. According to Wu et al. (1979), the average weight of
b-month-old triploids of carp is more than twice that of diploids reared in the same
pond"??’. The methods usually employed in ploidy induction were temperature shock,
chemical stimulation and hydrostatic pressure. Lu ¢t al. (1982)!2¢!tried to produce
polyploid fish by nuclear transplantation. Using the autotetraploid cells of C. idellus as
nucleus donors, they obtained the embryos of heart-beating stage'26!.

Chinese scientists have obtained the gynogenetic progeny of C. idellus'®}, H.
molitria'®l, C. carpid®), C. auratus'®’ and S. gairdneri!®®!. Liu et al. (1987)successfully
induced the androgenesis of loach (Misgurnus anguillicaudatus) by nuclear transplan-—
tation!¥’. Combining artificial gynogenesis with the technique of artificial sex reversal,
Wu et al. (1981) developed a way of establishing fish inbred lines'®). After two
successive gynogenesis, in the second generation of gynogenesic all individuals came of
a same egg. After being treated with androgen, part of individuals of sezond gynogenetic
generation was artificially reversed into “physiological male.” By mating the “physio—
logically male” individuals with their sisters, three inbred lines were established!18’31],
One of them, Red Carp 8305, was further analyzed by isozyme and transferrin electro-
phoresis and cross haemagglutination test.The results demonstrated that the loci control-
ling the transferrin, lactate dehydrogenase, malate dehydrogenase, superoxide dismutase,
esterase, isocitrate dehydrogenase and red cell allotypic antigens were highly homoge-
nous'??). The result of scale transplantion suggested that the MHC (major histocompa-
tibility complex) of Red Carp 83056 was homogenic.

2 NUCLEAR TRANSPLANTATION

Nuclear transplantation is a powerful technique in illustration of the functions of
nucleus and cytoplasm as well as their relationship in development. Tong et al. (1963)
initiated fish nuclear transplantation research in' China'?*), They demonstrated that the
nuclei of fish blastula cells still retained developmental totipotency. So far,several nucleo-
cytoplasmic hybrids have been obtained by combination of nuclei and cytoplasms from
different varieties, species, genera and subfamilies (Table1l). Merphological analysis
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showed that the hybrids from the nuclei of C. awratus and the cytoplasms of C. carpio
were almost identical to the nucleus donors'!?), while in the hybrids from the nuclei of
C. carpio and the cytoplasms of C. auratus, some features seemed to come from the
cytoplasm host fish, such as the number of vertebrae. Yan et al. (1985) reported that th»
nucleo-cytoplasmic hybrid fish from the nuclei of C. édellus and the cytoplasms of M.
amblycephala growed much faster than the nucleus donors and a little faster than the
cytoplasm host fish and none of the hybrids was found to be dead of infective disease
which is often observed in the nucleus donor fish#!!. In most cases, the nucleo—cytoplasmic
hybrids are fertile and their gonads can mature normally. Some progeny of nucleo—
cytoplasmic hybrid fish have been produced by crossing with either nucleus donor
fish or cytoplasm host fish.

Tablel Nuecleo-cytoplasmic hybrid fishes obtained by Chinese scientists

Nucleus Cytoplasm Reference
C. auratus C. auratus [21]
C. auratus C. carpi> [38]
C. carpio C. auratus [12]
C. idellus M. amblycephala [41]

Liuet al. (1987)reported that androgenetic diploid loach (M. anguillicaudatus) could
be produced by nuclear transplantation!®’. The loach (") was first crossed with Paramis-
gurnus dabryanus (%), then the female nuclei in the fertilized eggs were removed with
grass neadle and the haploid embryos were allowed to develop. At blastula stage,the ha-
ploid nuclei were transferred into enucleated eggs of P. dabryanus. Chromosome exami-
nation of 248 gastrula embryos indicated that 29.6% of them had duplicated chromosome
number. In another experimental group, 6 adults were obtained from 769 nuclear trans-
planted eggs. Caudal fin chromosome examination, muscle LDH electrophoresis and
morphological analysis all showed that they were androgenetic homozygous diploids.

In most fish nuclear transplantation experiments, nucleus donors were embryonic
cells. Chen et al. (1986) reported that a nuclear transplanted fish had been produced
from the subcultured blastula cell of C. guratus{?3), When the fish died three years later,
it was found that its sexual glands were undifferentiated. In another experiment, a
sexual matured adult fish was produced from the short-term cultured kidney cell nucleus
of an adult crucian carp. Based on these results, Chen et al. (1986) suggested that the
nuclei of subcultured fish blastula and somatic cells still retained their developmental
totipotency!3®). These experiments implied that it would be possible to improve fish gene-
tic traits by combination of manipulation of somatic cells and the technique of nuclear
trasnplantation.



2—3 % REE AR, PEZHEREHBEA(E) 151

3 CELL FUSION

In China, the research on the fusion of fish cells was initiated in the 1970s. Yan,
et al. (1984) reported that the fusion index could reach 29.5% by treating crucian
carp cells (4x10%/cm®) with 50% polyethylene glycol (PEG)1000 for 1 to 2 minutes'?®’,
As observed in the fusion of mammalian cells, increase in the PEG concentration will
result in decrease in cell viability in the fusion of fish cells. Glycerol and DMSO (dime-
thylsulfoxide) have been known asthe promoting reagents in PEG-mediated fusion
of mammalian cells, but Yan et al. (1986) reported that the fusian index would reduce
about 80% in the presence of only 2.5% glycerol in the fusion of fish cells'®®!. The death
rate was quite high when the concentration of glycerol reached 209%5. DMSO could pro-
mote the PEG-mediated fusion of fish cells, especially when the concentration of PEG was
relatively low. For example, in 469 PEG 1000, 6% DMSO would increase the fusion
rate by 109, but in 5609 PEG 1000, only 2%.

The fusion of fish cells can be facilitated by eleztric field (electrofusion) . Comparec:
with other cell-fusion techniques, electrofusion is rapid, simple and highly efficient.
Liu et al. (1988) successfully induced the eleztrofusion of blastula cells of P. dabrya-
nus!®l. According to their report, the fusion rate was 46.72% while the viability rate cells
was as high as 88.6% . In thesame year, Yietal. (1988) reported the results of the
fusion between blastula cells and unfertilized eggs of several fishes'?s! (Table 2) . Mor-
phological features of the resulting fry clearly indicated that the diploid nuclei of the
blastula cells had participated in the development of the fused embryos. The fate of the
haploid nuclei from the unfertilized eggs was unclear. In these experiments, only 0.8%
of the eggs could develop to fry stage, most embryos were abnormal, which was attributed
to the damage of the donor nuclei caused by the electric field.

Table 2 Electric fusion between fish blastula cells and unfertilized eggs (% in parentheses as the
vatio of the number of fry to that of blastula) ¥

Blastula cells Eggs Blastula embryos Fry
P. dabryanue P. dabryanus 33 6(18.2%)
P. dabryanus x P. dabryanus 32 6(16.7%)
M. anguillicaudatus
C. cargio C. auratus 113 4(3.5%)

% Data source: Reference[25].

It has been known that irradiation of the contact points of cells with laser miero-
beam will result in the fusion of these cells. Zhang et al. (1988) used laser microbeam
to induce the fusion of fertilized eggs of M. anguillicaudatus'*’, The results showed that
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most fused eggs could continue to cleave. A few of them could develop to larval stage.
Because the laser microbeam can be prezisely oriented and the irradiation time and points
can be easily controlled, the damage to the cells is very little. This is an obvious advan—

tage of the method.

4 GENE TRANSFER

Chinese scientists have made a serial investigations on the possibility of producing
fast-growing transgenic fish. According to Zhu et al. (1985, 1989), the human
growth hormone (hGH) gene, which had been microinjezted into the fertilized eggs of
fish, could replicate in several physical forms during early embryonic stages'®4?). Ampli-
fication of the exogenous DNA sequences reached peak at blastopore-sealing stage. After
tail-budding stage, the copy numbeér of these sequences reduced. More of them were
detected as macromolecules. After blood—circulating stage, almost all of the detected exo-
genous sequences co-migrated with the cellular total DNA. Some of these squences could
be detected in macromolecular form in 560-day-old fish. Southern blot results suggesetd
that they had been integrated into the host DNA, probably at late embryonic stages.

Zhu et al. (1986) reported that some individuals of transgenic loach containing
mouse MT-1 promoter controlled hGH gene growed significantly faster than the control
group'”’. At the age of 14 days, over 109 of the transgenic group were 1.5 times larger
than the control group, which was ratl.er uniform in size. At the age of 43 days, the
average weight of 12 individuals in the ¢ontrol group was 35.1 mg (from 26 to 46 mg),
while in the putative transgenic group, there were two larvae weighing 160 mg and 129
mg, i. e., 4.6 and 3.4 times that of the average weight of the control group respectively.
'This is the first report on the growth-promoting effect of hGH gene in transgenic fish.
Zhu et al. (1989) reported,that the transcripts of the MT-1-hGH transgene could not
be detected untill gastrula stage in transgenic crucian carp'®’. The hGH could be detected
in both fry (36 days) and adults (918 days), but its concentration was higher in fry
than in adult. It was observed that the growth promoting effect of the hGH gene was
more prominent in early developmental stages in transgenic crucian carp ( Xu et al.,
1991).

Yu et al. (1989) studied the fate of cytoplasmically injected DNA in fish fertilized
eggs during embryogenesis'*!. It was observed that neither circular nor linear DNA
would degrade rapidly. They could be detezted at least at tail-budding stage (60 to 70
hours after injection) . The injected circular DNA was rescued from the blastula cells.
Southern blot results suggested that only linear DNA sequencs might have been inte-
grated into the host DNA. In another approach to transfer genes into fish, Wang et al.
(1991) injected exogenous DNA sequences into the germinal vesicle (GV) of goldfish
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oocytes'®, Then the injezted oocytes were incubated to mature and inseminated with
fresh sperm. Dot blot analysis of the resulting fish (from 2-month-old to adult) showed
that 18.6% (30 of 161) were positive. Southern blot analysis of one dot-blot positive
fish showed that the foreign DNA sequences had been integrated into the fish genome.

Besides microinjection, two other methods of gene transfer were used by Chinese
scientists. Xie et al. (1989) reported that 109 dot-blot positive fish (1-month-old)
could be obtained with electroporation!®®). Shen e al. obtained transgenic fish by
exposing spermatozoa to DNA followed by fertilization'®!,

Although it is now possible to change the traits of fish by the gene transfer techni-
que. Unfortunately only a very limited number of the genes which can be used for this
purpose have been cloned. Liu ¢t al. (1991)rezently reported that the transfer of a certain
gene without previous cloning of it was feasible in fish®. The total DNA of common
carp was introduced into the eggs of red crucian carp by microinjection and exposure of
spermatozoa to the DNA followed by fertilizetion. They observed that a small portion of
the resulting fish expressed the black pigments of common carp in both experimental
groups. This method should be useful in the improvement of multiple-gene-controlled
traits of fish,

5 GENE CLONING

So far, Chinese scientists have cloned seven fish genes(Table 3) . Although the hGH
gene works well in fish, fish originated growth hormone genes were better candidates for
commercial production of fast-growing fish. For ‘this purpose, three fish growth hormone
genes have been cloned.

Mouse MT-1 promoter has been used by many researchers to express novel genes in
fish. Shen et al. (1990) reported that the promoter of SV40 early gene could direct the
expression of bacterial CAT reporter gene in grass carp CK cells?). To isolate fish endo-
genous strong promoter, Zhu et al. (1990) cloned the beta-actin genes of grass carp and
common carp'®’,

Table 3 The fish genes cloned by Chinese scientists

Gegre Species Reference
Growth hormone C. carpio 9l
Growth hormone C. tdellus 9l
Growth Kormone Oncorhynchus Keta [16]
Beta-actin gene C. carpio {9]
Beta-actip gene C. idellus [9]
Prolastir cDNA O. tschawytscha [11]

Axgtifreeze peptide cCNA Pseudopleuronectes yokohamae [35]
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