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制冷装置节能除霜型电脑控制器的研制

骂茂泉 周 扛
(上海水产大学食品科学技术系，200090)

提 要 本课题的研究目标是设计以中、小型制冷装置为服务对象的通用电脑控制器. 本文介

绍了该电脑控制器的软件设计框图，输入输出接口线路原理z中、小型制冷装置电脑控制系统;节能

型自动除霜的软硬件设计. 1亥电脑控制器具有体积小，价格低，控制功能强，稳定可靠等优点. 适合

中、小型制冷装置生产过程的自动检测和实时控制， 是对制冷装置自动控制微机应用产品化的有益
尝试.

关键调 制冷装置，电脑控制器，软.硬件设计，自动除霜

我国的食品冷库制冷装置， 大都采用继电器控制方式。 对于工艺复杂或自动化程度较高

的制冷装置，这种控制方式线路复杂，触点多，可靠性不高。 而且重复设计，重复调试， 浪费人
力物力，更改工艺也极为不便。 随着单片机技术的:/J:.展，采用单片机控制方式取代继电器控制
方式，已成为自动控制领域的发展趋势之一。 本文就采用MOS-48单片机研究设计适合中、小
型制冷装置的节能型通用电脑控制器的软硬件设计思想简介如下[1)。

1 电脑控制器的软件设计思想

设定以配置1冻结间和1冻结物冷藏阔的小型生产性冷库为服务对象， 由1台单机双级
制冷压缩机集中供冷。 采用液泵强制循环方式.
1.1 制冷猿置自动撞倒工艺瞿*

(1)制冷系统运行参数的实时检测:制冷压缩机、液泵的自动保护及事故处理。
(2)制冷压缩机、液泵等自动开停.
(3)低压循环桶的液位控制。
(4)冷间温度及冻结过程控制。
(5)玲间蒸发器供液及回汽控制.
(6)冷风机自动除霜控制。

1.2 软件ii讲擅固

程序总框图如图1所示。 其中包括冻结供浓于程序DG;冷藏供液子程序。G;液泵开泵

子程序KB;制冷压缩机开机子程序KJ;冷藏温控子程序。WK;节能除霜子程序。HS; 正常
停机子程序ZH'rJ等。 各于程序的编制要求符合常规继电器控制工艺规律和工人的操作习

惯。

1 993-Qð-33收到.



144 上海水产大学学报 主卷

节能型自动除霜始点为1/10= 1.125[川。 式中10为冷风机的鼓风机初始运转电流， 在冷
风机启动后4分钟检测;1为冷风机的鼓风机随机运转电流，每隔4分钟采样1次。 该比值一
旦达到说起值，则调用节能除霜子程序，发出除霜指令。

有

有

测冻结倍号 有

CALL CHS 有

图1 程序总框困

无.a..-四
冻销时间到?

到
温冻结黯湿
--r丐百

关闭冷凤机供液伐关闭戴凤机

Fig.] Scbematie diagram for pror.r缸11
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2 电脑控制器硬件设计和制作

2.1 电脑控制嚣的设计要求
(1)开关量输入。 为保证制冷压缩机、液泵正常运转， 在制冷系统中设置高低压控制器、

油压差控制器等安全保护装置。 在制冷装置运转过程中，当被控参数超出正常范围时，控制器
触头动作，输出信号，通过开关量输入接口板输入单片机。 本系统共有温度、液位等 11个开关
量信号。

(2)开关量输出。 单片机通过输出接口板向电磁伐等执行元件输出开关量信号， 以控制
制冷压缩机、液泵等被控对象的 开停。 本系统共设 16个开关量输出信号。

(3)自动/手动切换。
(4)事故声光报警。
(5)制冷装置运行状态信号灯显示。

2.2 电脑控制器的掏成
电脑控制器 由单片机、开关量输入接口、开关量输出接口三部分组成。 单片机部分主要由

8039芯片、2732芯片，4KEPROM 和8243I/D接 口扩展组成。

开关量输入接口是把各种继电器、温控器等触头动作转变为"0"、"1"信号输入单片机。
在线路图2中，当触点b断开时，p点为高电平，输入计算机信号为"1";当 触点b闭合时，发
光两极管亮，光电藕合器导通，p点为低电平，输入计算机信号为"0气

开关量输出接口是将计算机的 "0"和"1"信号转变为执行机构的 开、关，交流接触 器的闭
合、断开等动作，其线路图如图8所示。

寄F
BGND 

-=­. 

A+5V 

AGND 

图2 开关量输入接口
Fig.2 Switch inp'lt interface 

2.3 冷风机除'自动控制

4，←6'1 IHV 

古r翩
图3 开关量输出捷口

Fig.3 Switch output interface 

本电脑控制器设计了两种除霜方式:淋水式及淋水与制冷剂热蒸汽联合式.除霜控制方
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法设计了节能型自动除霜和指令程序除霜两种。 冷风机除霜始点的选择对能耗有重要影响。
我们根据对除霜始点与能耗关系的研究，确定了最佳除霜条件。冷风机的风机电流经变送器转
变为频率信号，由单片机的计数引脚下输入，保证实现节能除霜自动控制。 为适应不同用户的
要求，本电脑控制器还设计了指令程序除霜。 在电脑控制器面板上设有除霜按钮，在需要除霜
时，按下该按钮，制冷装置将按预置程序进行除霜操作。 除霜结束后自动恢复运行。

3 中、小型制冷装置电脑控制系统

本课题试验用制冷撬置系统原理如图4所示。 把压力、压差、温度、液位等控制器触点与
电脑控制器相连;把电碰伐，压缩机和液泵的交流接触器线圈与电脑控制器对应接线端子相
连，启动电脑控制器投入运行， 即完成制冷装置电脑控制系统I8 1.

图4 试验装置系统原理图
Fig.4. Diagram for experimental instalJation system 

1.倒冷应编机 2. 申阁冷却器 3. 油分离器 4.. 卧式冷凝器3
5.贮滚11， 6. 低压循环桶 7. 贮汹帮 8. 冻结向 9. 冷藏问.

该电脑控制器的每一个执行机构都具备手动/自动切换功能。 不用的设备只需把面板的
对应开关置于"断'位;若用户的制冷系统与图5的试验装置不同，可使相应元件位置接线端子
空着，不影响制冷装置的正常运行和控制功能。 当系统运行发生故障时，电脑控制器可自动检

测和保护处理. 也可随时手动处理.
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电脑控制器的硬件均采用接插件方式， 由1块单片机板， 2块输入板，3块输出板构成，
便于维修。 采用固态开美输出， 可靠性提高。 如果需要改变制冷工艺， 只需修改软件， 重新
困化后插入控制箱内即可， 不必更动线路， 通用性较强[4lω。 电脑控制器箱体尺寸 240mm
X 150mm X 135mm，体积小巧，成本远比同功能的继电式控制箱为低，而且避免了一般继电控
制系统重复设计、重复调试的弊病。 本机以冷风机风机电流为控制信号，实现除霜始点的最优
控制，进行自动除霜或指令程序除霜操作，在我国是首次尝试，取得较好的节能效果。

本文得到王季襄教授的帮助，特此致谢。
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ON MICROCOMPUTER CONTROL FOR ENERGY 

SA VE DEFROSTING SYSTEM IN 

REFRIGERATING INST ALLATION 

Ge Mao-quan and Zhou Hong 
(Department 0卢Fooà Scimce and Tecl.'Ilo1ogy， BFU. 200090) 

ABSTRAOT This paper aims at studying the皿iorooomputer oontrol for the refri­
gerating installation of middle or small size. The sohematic diagram of software de­
sign， the principle of connection line for input and output interface， the microcomputer 
control system for the instalIation and 他e designs of so白ware and hardware for auto­
defrost system of energy-save type Were studied in the paper. The microcomputer control 
ha.s the featur�9 of small dimension， high controllability， good stabi1ity and reliability， 
low cost， e旬，and is appropriate to the self-te9t and real-time oontrol of the refrigerating 
instal1ation in the proω9S of running. Hence， it wi1l help 00.皿mercialize the energy 
save defros也ing system for the refrigerating installation by microcomputer control. 
KEYWORDS refrigerating installation， microcomputer control， designs of software 

and hardware，auto-defrogs 

(1)复旦大学科教仪稽厂， 1987. Mæ-48单片微计算机实用子程序手册，(1 -5-1)-(1 -7-6)，复旦大学科教仪锦厂.



第2卷第2-j期
1993年9月

。，呻.........................�

;综 述;
也.....牛·叶.............�

上海水产大学学报
JOURNAL OF SHÄNGHÄI FISHERI因UNIVERSITY

FJSH BlOTECHNOLOGY JN CHINA 

Zha.ng Ying-pei and Lou Yun-dong 

(Department ol.Ã!lU/lCtllture， SFU， 200090) 

Vo1.2，Nos.2-3 

Sep.， 1993 

ABSTRACT This review summarises the recent ad vancement of fish blOtechnology 

in China. By means of temperature shock and hydrostatic pressure， Chinese目。ientists

obtained six autopolyploid and two allopolyploid fishe3. Combining 也he induced 

gynogenesis with the technique of sex reversal， Chinese scientis阳developed 110 method of 

establishing fish inbred 1ines. Several nucleo-cytoplasmic hybrids were obtained by 

combination of nuclei and cytoplasm'l 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 sugge始ed也he nucleus of fish somatic cell still retained 

totiptency. Electric field and laser microbeam were employed to induce the fusion 

between fish unfertilized eggs and blastula celIs and between ferti1ized eggs respectively， 

fry or larvae were obtained in也hese experiments. To produce fast-growing transgenic 

fish， Chinese scientists made a serial inv倒也igations on integration，也ranscription， ex­

pression and biological effects of human grow他hormone gene in fish . The method of 

gene transfer employed by Chinese scientists included microinjectìon， electroporation 

and exposure of spermatozoa to DNA followed by insemination. So far， Chinese scien­

tists have cLoned seven fish gene3， i.e.， growth hormone gene3 of Oyprinus carp切，

Otenopyha叨叨创侃ideZZus and Oncorhynchus keta， beta-actin genes of O. carp切and O. 

ideZZus， prolactin cDNA of Oncorhynchus tschawytscha and antifreeze peptide cDNA of 

PseudopZeuronectes yokohα例αe.

KEYWORDS fish biotechnology， ploidy manipula\ion， nuclear transplanta也ion，

cell fusion， gene transfer， gene cloning 

In the pas也 decade，Chinese scìentists paid much attention to fish genetic research. 

As a result， great progress has been made in fish bioteJhnology 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 a.chievements wil1 be reviewed. 

J993...()5幽28收到IJ.
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l' PLOIDY MANIPULATION 

80 far， Chinese scientists have obtained eigh也 artificially induced polyploid fishes， 

including triploids of Oyp叫nU8 carμd1Tl， Otenophary叼odr:m idelZusl13l， SaZmo gα仿命leri11ð1

and HYPOl珑的矶时chthys惕。Zitria;!14l， autotetraploids of S. gαirdneril21 and A，.istichthy， 

mobiZisl281 and allotetraploids of Oara8S如8 auratU8 C1J，vieri X Oypr侃侃carpid24J and O. carp旬

x O. ideZZU81221. The triploids of O. carpio and O. ideZZus displayed higher growth rates 

than the corresponding diploids. Acco}."ding to Wu et aZ. (1979)， the average weigh也 of

5-month-old triploids of carp is more than twice that of diploids reared in the saIne 

pond!17l. The methods usually employed in ploidy induction were temperature shock， 

chemical stimulation and hydrostatic pressure. Lu et aL (1982) !2ðl tried to produce 

polyploid fish by nuclear transplantation. Using the autotatraploid cells of O. ideZws 80S 

nucleus donors， they obt8oined 也he embryos of hear←b倒也ing stagel261. 

Chinese scientists have obt8oined the gynogenetic progeny of O. ideZlusllðl， H. 
moZitrix1m， O. carpw181， O.αuratU81341 and S. !1α衍dnerv381. Liu et al. (1987)successfulIy 

induced the androgenesis of loach (Misgur，刚s anguiZZiωudatus) by nuolear transplan­

tationl31. Combining artifioi8ol gynogenesis with the technique of artificial sex reversal， 

Wu et al. (1981) developed a way of establishing fish inbred lines!181. After two 

suoc四日ive gynogenesi目， in the seJond generation of gynogenesic a11 individuals came of 

a s80me egg. After being treated with androgen， pat"t of individu80ls of se30nd gynogenetio 

generation was artifioially reversed into "physiologic8ol male." By m80ting the "physio-

10gic8olly male" individuals wi也h their sisters， three inbred' lines were est8oblished!l8I 811. 

One of them， Red Carp 8305， was further 8on8olyzed by isozyme 80nd tr80nsferrin electro­

phoresis 80nd oross haemagglutin8otion 也est.'fhe r倒ults demonstrated that the Ioci control­

ling the tr8onsferrin， Iactate dehydrogenase， malate dehydrogenase， superoxide dismutase， 
esterase， isocitrate dehydrogenase and red cell allotn症。antigens were highly homoge­

nousl20J. The re�uIt of 8081e transplantion suggested thAt the MHO (major histooo皿pa­

tibility complex) of Red Oarp 8305 wa9 homogenic • 

2 NUCLEAR TRANSPLANT A TION 

Nuclear transplantation 19 a powerf\ll teelmique in iUuøtration of the functions of 

nucleus and cytoplasm嗣well剧也.1r relatioD血:1p in development . Tong et aL (1963) 
initiated fish nuclear transplantatlon r幅幅rah in' Ohinal8l]. They demonøtrated that the 

nuclei of fish blastul80 cells still retalned developmental协tipotency. 50 far， several nucleo­
oytoplasmic hybrids have been obtained by combinatiøn 01 nuclei a.nd cytoplasms from 

different varieUes， species， gener80 80nd sublamilie 1 (Table 1). MOl'phological analysis 



150 上海水产大学学报 2卷

showed that the hybrids from the nuclei of O. a'l.llratus and the cytoplasms of O. carpio 
were almost identical to the nucleus donors!12J， while in也he hybrids from the nuclei of 

O. carpio a.nd the cytoplasms of O. a'l.llratus， some fea.tures seemed to come from the 

cytoplasm host fish， such as the number of vertebrae. Yan et at. (1985) reported也at th3 

nucleo-cyt0plasmic hybrid fish from the nuclei of O. tbdethts and the cytoplasms of M. 
ambZ，!/cephala growed much f.剧也er than the nucleus donors and a little faster than the 

cytoplasm host fish a.nd none of the hybrids was found to be dead of infective disease 

which is often observed in the nucleus donor fish[�lJ. In most c础饵， the nucleo-cytoplasmic 

hybrids are fertiIe and their gonàdsωn mature normally. Some progeny of nucleo­

cytoplasmic hybrid fish have been produced by crossi.ng with either nucleus donor 

fish or cytoplasm host fish. 

Table 1 Naeleo-e7toplasmie h7btid fa.hes obtained b7 Chinese Icientistø 

Nucleu. Cytoplasm Reference 

C. auratt俗 C. (1也ratw [2]J 

C. auratw C. carpt3 [38] 

C. ca铲Z站。 C. a钮ratm [12] 
C. idl111ω M. a例bZgCðphala [41] 

Liu et aZ. (1987) reported that androgenetic diploid loach (M. anguiZUcaudatus) conld 

be produced by nuclear transplantation[8J. The loaOO (，/') was first crossed with Paramis­

gwrntl8 daw，!/an'l.l8 (平) ， then the female nuclei in蚀。ferti1ized eggs were removed with 

grass needle and the haploid embryos were allowed to develop. At blastula 的age，the ha­

ploid nuclei were transferred into enucleated eggs of P. dabr，!/anus. Ohromosome exami­

丑.ation of 243 gastrula embryos indicated th剖29.6% of them had duplicated chromosome 

number. In another experimental group， 5 adults were obtained from 769 nuclear trans­

planted eggs. Oaudal fin chromosome exami.nation， musole LDH electrophor回is and 

morphological analysis a11 showed that they were androgenetic homozygous diploids. 

In most fish nuclear transplantation exporimen钮，nucleus donors were embryonic 

cells. Ohen et aZ. (1986) reported that a nucl饵，r transplanted fish had been produced 

from the supcul tured blastula cell of O. a1M'atuslZ3J• When the fish died three years later， 

it wa，s found that its sexual glands were undifferentiated. In another experiment， a 

sexual matured adult fish was produced from the short-term cultu:red kidney cell nucleus 

of an adult crucian carp. Based on these r回ults， Ohen et aL (1986) suggested tha.t the 

nuclei of subcultured fish blastula and somatic ceIls still retained伽ir developmental 

totipotency[23J. These experiments implied that it would be possible to improve fish gene­

也ic traits by c"mbinatio.n of manipulation of soniatic cells and the teahnique of nuclear 

trasnplantation. 
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3 CELL FUSION 

In China， the research on the fusion of fish cells w回ini tiated in the 19708. Yan， 

et al. (1984) reported that the fusion index could reach 29. 5� by treating crucian 

carp cells (4 x 104/ cm') wUh 509& polyethylene glycol (PEG) 1000 for 1 to 2 minutes[2�J. 

As observed in the fusion of mammalian ce11s， increase in the PEG concentration wi1l 

result in decrease in cell viabi1ity in the fus10n of f1sh cells. Glycerol and DMSO(dime­

thylsulfoxide) have been known as t与，6 promoting reagents in PEG-mediated fusion 

of mammalian cells， but Yan et aZ. (1986) reported that the fusi9n index would reduce 

a bout 80% in the presence of only 2. 5� glycerol in the fusion of fish ce11sIS0J• The death 

rate was quite high when the concentration of glycerol reached 20�. DMSO could pro­

mote the PEG-mediated fusion of fish ce11日， especia11y when the concentration of PEG waS 

relatively low. For example， in 459& PEG 1000， 59& DMSO would increase the fusion 

rate by 10侈，but in 50� PEG 1000， only 2� . 

The fusion of fish cells can be facilìtated by ele�tric field (electrofusion) • Comparec!. 

with other cell-fusion techniques， electrofusion is rapid， simple and highly efficient.. 

Liu etαL (1988) successfully induced the ele，;}trofusion of blastula ce119 of P. dabrya­

nusl5J• According to their report， the fusion rate was 46. 72� while the viability'rate cells 

was as high as 88. 60/0. In the !!Iame year， Yi et aZ. (1988) reported the results of the 

fusion between blastula cells and unferti1ized eggs of several fishesl25J (Table 2) . Mor­

phological features of the r倒ulting fry clearly indicated that the diploid nuelei of the 

blastula ceIls had participated in the development of the fused embryos. The fate of the 

haploid nuc1ei from the unferti1ized eggs was unclear. In these experiments， only 0. 8� 

of the eggs could develop to fry stage， most embryos were a.bnormal， which wa9 attributed 

to the damage of tho donor nuclei caused by the elec.tric field. 

Table 2 Eleetrie fUlion between fi.h bla.tula eells and unfertilized erra (0/0 in parentheaea aa the 
l'atio of the number ot tr1 to that ot blastula)各

B1as饨.1&ω，118 Eggs Blattula embry'ω Fry 

P. daò�lIllf1u， P. dc必"UafIω 33 6(18.29的

P. daò"1/afltlS X P. daòrUQflU8 32 6(16.70/0) 

M. anguillicawla1uI 

C. c咀铲þÏo C. oora1tlS 113 4(3.60/0 ) 

* Data source， Reference[25]. 

It has been known that irradiation of the contact points of cells with laser皿10ro­

beam will result in the fusion of th回e ce11s. Zhangøt aZ. (1988) used lR.qer microbeam 

to indu.ce the fuslon of ferti1ized eggs of M. anguiZZicauåat'llsl27J. The l'esults showed tha.t 
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most fused eggs could continue to cleave. A fêW úf them could develop to larval stage. 

Because the laser microbeam can be preJisely 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 inve3tigations on the possibi1ity of producing 

fa.st-growing transgenic fish. According to Zhu et az' (1986， 1989)， the huma.n 

gtowth hormone (hGH) gene， which had been microinjeJted into the fertilized eggs of 

fish，could replicate in several physical forms during early embryonic stagω[8.421. Ampli­

fication of the exogenous DN A sequencett reached peak at blastopore-sealing stage. After 

tail-budding stage， the copy numbér of these sequences reduced. More of them were 

detected as macromoleeules. After blood-circuJating stage， almost a.ll of the detected exo­

genous sequences co--migrated with the cellular totnl DNA. Some of these squences could 
be detected in皿acromolecular form in 50-day-old fish. Southern blot results suggesetd 

that they had been integrated lnto the host DNA， probably at late embryonic stages. 

Zhu et aZ. (1986) reported that some individuals of transgenic loach containing 

mouse MT-1 promoter control1ed hGH gene growed signiflcantly faster than the control 

group[71. At the age of 14 days， over 10qb 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 control group was 35.1  mg (from 25 to 46 mg)， 

while in the putative transgenic group， there were two larva.e weighing 160 mg and 120 

mg， i. e.， 4.6 and 3.4 times that of the average weigh也 of the control group respectively . 

'This is the first report on the growth-proQloting 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 carpE81. The hÇtH could be detected 

in both fry (35 days) and adults (913 days) ， but its concentration was higher in fry 

than in adult. It was observed that the growth promoting effect of the hGII gene was 

more prominent in early developmental stages in transgenic crucian carp ( Xu et al. ，  

1991) . 

YU et aZ. (1989) studied the fate of cytoplasmically injected DNA in fish ferti1ized 

eggs during embryogenesisl11. It was observed that neither circular nor linear DNA 

would degrade rapidly. They could be detected at least at tail-budding stage (60 to 70 

hours after inje0tion) . The injec阳d circular DNA was rescued from the blastula cells. 

Southern blot results suggested that only line也r DNA sequencs might ha.ve been inte­

gtated into the host DNA. 1n another approach to 
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oocytes[39J. Then the injooted oocyt回were incubated to ma.ture and inserninated with 

fresh sperm. Dot blot analysis of the r倒ulting fish (from 2-month-old to adult) showed 

that 18. 6% (30 of 161) were positive. 80uthern blot analysis of one dot-blot positive 

fish showed that t，he foreign DNA sequences had been integrllted into the fish genome. 

Besides microinjeßtion， two other methods of gene transfer were used by Chinese 

scientists. Xie et al. (1989) reported that 10% dot-blot positive fjsh (l-month-old) 

could be obtained with electroporation[331. 8hen et al. obtained transgenic fish by 

exposing spermatozoa to DNA fo11owed by fertiUzation[S61. 

Although it is now possible to ch马nge 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. J.Jiu et aZ. (1991) reJently reported that the transfer of f\ certain 

gene without previous cloning of it was feasible in fish[41. The total DNA of common 

carp was introduced into the eggs of red crucian carp by microinjection and exposure of 

spermatozoa to the DNA fo11owed by fertilization. They observed that a sma11 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 

也rait$ Qf fisn， 

5 GENE CLONING 

80 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. 8hen et al. (1990) reported that the promoter of 8V40 eatly gene could direct the 

expression of bact�rlal CAT reporter gene in grass carp CK oe11s[10I. To isolate fish endo­

genous strong promoter， Zhu et al. (1990) cloned the beta-actin genes of grass carp and 

common carp!81. 

Gf3J:1e 

Growth hormone 
Growth hormone 
Growth ñormone 
Beta-actin gene 
Beta--a.ctill gene 
Prola�tiJ:l cDN A 

Table 3 The fiah genea eloned by ChinelJe aeientiata 

SpeCi6S 

O. ca'pio 

O. ideZZ1l8 

011ω，hf/rlchw/Ma 

O. ca，pio 

O. idelZω 
O. fIC加JtDyflcha

Antifl't!eze peptide cI:N A P，eudopZ�1'()I1Iecte8 yo的./icmIae

Reference 

[9] 
[9] 
[16] 
[9] 
[9] 
[11) 
[35) 
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