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摘 要 根据环棱苷酸理化性质及乳的特点，采用酪法从乳汁中提取环棱苷酸。研究表 

明，该方法条件温和、工艺合理、操作方便。经放射免疫测定提取浓缩}茛浓度为cAMP 20 

／~nol·L一 ，cGMP 0．2 b~mo]·L一 ． 

关键词 乳，环棱苷醒，酶法 

中围分类号 Q524．03 

自从 1957、1 963年cAMP和cGMP先后被发现以来 ～，环核苷酸在生命活动中重 

要的调节作用已为大家公认。虽然cAMP和cGMP在基础理论研究方面有较大进展，但 

环核苷酸提取方法报道甚少，仅章翰等 对单个核细胞内cAMP提取方法有报道。目前 

从乳汁中提取环核苷酸尚无报道。本研究根据环核苷酸理化性质及乳的特点，采用酶法从 

羊乳中提取环核苷酸，旨在探讨工艺合理、简便易行的提取方法 

1 材料与方法 

1．1 主要材料 

羊奶，西北农业大学羊场。CaCI ，NaC1和二甲苯，西安化学试剂厂。胃蛋白酶，四川开 

县生物制品厂 2，5-二苯基恶唑(PPO)和P-~-[2-(s一苯基恶唑基)]苯(POPOP)，上海试 

剂一厂。 H—cAMP，标准cAMP，蛋白激酶，活性炭，牛血清白蛋白， H—cGMP，标准 

cGMP，cGMP抗体，NaAc及微孔滤膜等均由中国原子能院整套提供。LS-9800液闪仪， 

美国Beckman公司，D 一15旋涡混匀仪，江苏国华仪器厂。水浴箱，微量加样器等。 

1．2 提取方法 

1．2．1 乳中环核苷酸提取工艺流程 乳 垦 清洁乳 坚 脱脂乳 凝乳 

_墨 堂 初滤液 里壁婪 滤液 三!堕 浓缩液 堂 ! 淡黄色液体 

1．2．2 原料乳的前处理 先将鲜乳用纱布过滤，除去羊毛、泡沫等杂质。检查乳质，剔除 

乳房炎乳，因乳房炎乳带有大量病菌，直接影响环核苷酸的数量和质量。将清洁乳放置几 

小时，让乳脂上浮，然后除去乳脂肪。由于冻结乳酪蛋白物理状态改变．解冻时不易被凝乳 

酶作用，易产生絮状物凝结，不易产生凝块。所以原料乳不宜冷冻存放。 

1．2．3 酶处理及过滤 向清洁乳中加入占乳总量 0．O1 ～O．O2 CaCI z-用生理盐水将 

粉状酶(酶量多少根据效价而定)溶解后预混，再加入乳中搅拌，更利于酶与乳的充分接 

触 将加入酶的乳放在37℃温箱或水浴中．保持数小时，使乳凝固，乳清排出。过滤乳清 
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得到初滤液。 

1．2．4 初滤液75℃再提取厦蛋白质检查 乳中蛋白质主要为酪蛋白，约占总蛋白的 

4／5，已被酶凝固而除去 乳清蛋白，酶不能使其凝固而留在提取液中。乳清蛋白以胶体状 

态存在，对热不稳定，初滤液加温到75℃时，蛋白质遇热变性而沉淀。取上清液t滴，放人 

黑色比色板孔中，加1滴20 磺酰水杨酸，如出现白色沉淀，证明还有蛋白质存在，继续 

除去。直到无白色沉淀为止，过滤提取液。 

1．2．5 浓缩滤液及除去乳糖 滤液继续置75℃浓缩，提取液中乳糖呈溶液状态存在。乳 

糖晶粒大小为10~20 rim．是一种双糖，比重在20'C时为1．5453_．】．将提取液浓缩到占初 

滤液体积1／25～1／30时，冷却浓缩液，边搅拌边冷却至20"C，保持数小时，然后放人 4'C 

的冰箱过夜，形成乳糖结晶于容器底部，取上清液离心，弃去沉淀得到液体环核苷酸。 

1．3 cAMP和 cGMP浓度测定 一 

1．3．1 cAMP浓度测定【 采用蛋白质竞争结合分析法，按中国原子能研究院cAMP 

测定方法操作，测定范围每管为0．25～16 pmo1．蛋白激酶结合率约5O ，吸附剂用牛血 

清白蛋白和活性炭。放射性测定用LS-9800液闪仪，以cAMP不同浓度为横坐标，Co／Cx 

为纵坐标绘制标准曲线。根据标准曲线查cAMP浓度，乘以样品稀释倍数得样品cAMP 
m。l·L～ ． 

1+3．2 cGMP浓度测定嘲 采用放射免疫测定法，按中国原子能研究院cGMP测定方法 

操作，测定范围每管在0．25～4 pmo1．放射性测定用LS-9800 l液闪仪，以标准cGMP不同 

浓度为横坐标，Co／Cx为纵坐标绘制标准曲线，根据标准曲线查cGMP浓度，乘以样品稀 

释倍数得样品cGMP,umol·L一． 

2 结 果 

2．1 感观评定 

提取液为淡黄色液体，无混浊，呈均匀半透明状 气味芳香，无任何副作用。 

2．2 浓度测定 

样品测定前用活性炭脱色，稀释后用于测定cAMP浓度。取1 mL脱色液于小试管 

内，在6O℃水浴上蒸千。千渣加适量的NaAc溶液溶解，离心 取上清液4O 直接测定 

cGMP浓度。经多次平行测定，提取液浓度为cAMP 20 y-rnol·L- ，cGMP 0．2 pmol‘ 

I ～ ． 

3 讨 论 

3．1 提取理论基础 

环核苷酸普遍存在于哺乳动物体内多种组织、细胞及细胞外液中，是体内低分子活性 

物质，产生存在于细胞内并溢出细胞，使细胞外液含有cAMP和cGMP．环核苷酸的结构 

特点是单核苷酸AMP和GMP分子中的磷酸与核糖形成3 ，5 位的环式结构，由于 环式 

结构，有其相应的稳定性质。cAMP分子量为329．2，溶于水，对酸、热相当稳定。cGMP分 

子量为344．2，亦溶于水，对酸、碱、热相当稳定。动物组织中、小肠粘膜环核苷酸含量 

高[”，但材料来源有限且只能利用一次。血浆、尿液环核苷酸含量低，利用效果差。丽哺乳 
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动物羊奶中环核苷酸含量高 ，从中提取是一条有效途径，它好象一条生产流水线，动物 

体内cAMP和cGMP源源不断的溢出细胞，进入乳汁，再从乳汁中提取，所以乳是提取环 

核苷酸较为理想的天然材料。 

3．2 本方法特点 

乳中蛋白质主要以酪蛋白为主(4／5)，如何除去酪蛋白，化学法采用 HC1酸化法，调 

酪蛋白的等电点，让其沉淀。实践证明，加入HCl词等电点，酪蛋白沉淀颗粒小，匾液相分 

离不清，似糊涂状，很难过滤分离，过滤时间长，滤液混浊，提取效果差。采用高氯酸、三氯 

醋酸等试剂处理，影响因素多，操作繁琐，出汁量少，提取效果差。本方法对乳中蛋白质处 

理采用两步，第一步在温和条件下，用凝乳酶将酪蛋白凝固除去，其中凝固分为两个阶段， 

先是酪蛋自在凝乳酶作用下转化成副酪蛋白，后是副酪蛋自在ca 作用下成网状结构， 

凝固收缩，促使乳清和小分子cAMP和cGMP进入提取液。凝乳保持适宜硬度，提取液澄 

清，容易过滤。第二步对乳清蛋自在75℃下再提取，乳清蛋白遇热变性．细胞膜间隙增大， 

细胞内耐热小分子cAMP和cGMP得以逸出。乳糖采用低温结晶法除去，也是本法一个 

特点。 ‘ 

3．3 有关酶处理的条件 

酶的本质是蛋白质，主要影响因素有温度、pH、激活剂等。温度是酶促反应的重要因 

素之一，当温度低于25℃时，凝乳很慢，随温度增加，凝乳随之加快，在 37℃时酶的活性最 

大，凝乳最快，因而相对其它温度需要较少量的酶。正常乳的酸度为1．44～1．62 g·kg～， 

在乳酸菌作用下酸度升高。除正确掌握时间外，可用乳酸将原料乳酸度调至1．98 g·kg 

左右，使酶产生最大效益，有利于凝乳聚集沉淀。原料乳因季节变化等原因，可引起乳中可 

溶性钙减少，影响酶的活性，加入适量的CaCl：，使凝乳保持适宜的硬度，有利于澄清和过 

滤。酶用生理盐水溶解，NaC1作为酶的激活剂，使酶活性增强。 

4 小 结 

1)酶法提取环核苷酸，采用较为温和条件，经酶处理后乳酪蛋白凝固收缩，促使乳清 

及小分子cAMP和cGMP进入提取液，且凝乳保持适宜的硬度，提取液澄清，出汁量多， 

容易过滤 

2)初滤液经75℃再提取，乳清蛋白遇热变性，使细胞膜间隙增大，细胞内耐热小分子 

cAMP和cGMP得以逸出。 

3)该提取方法，工艺合理，操作方便，浓缩滤液条件还需进一步改进。 
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Extraction Method of Cyclic Nucleotieds of Milk 

Ma Zhlke Zan Linsen Wang Qing Zhan Enpin Sun Chao 

(凸咖  m删r of Animal Scle．ce，North~stern Agricultural UniverMty·y4" “Hg·Shaa,~xl 712100) 

Abstract Based on physical and chemical properties of cyclic nueleotydes and the 

speciality of milk．cyclic nueleotides in milk were extracted with enzyme method。The 

study showed that the method was moderate in condition．reasonable in technique and 

easy in operation．The extracted fluid concentration of cAMP and cGMP were’by ra— 

dioimmunoassay detetion，20 m0I·L～and 0。2 m01·L～ respectively． 

Key WOrds milk，cyclic nueleotides，extraction method 
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Sex Ratio of Different Developmental Stages 

in Vitro Produced Bovine Embryos 

Li Qingwang Liboriussen T 

(1 Department ，Animat Science，Ⅳ ” Agricultural University． 

Yah ing．Sh,aanxi 712100． Peep&’s Republic oi"China) 

(2 Department Cattle and Sheep，National lnsititute AnlmM Sdence 

Research Centre Foulura，Dk·8830 ．Denn~rk) 

Abstract The objective of this study was to determine whether the bovine male em— 

bryos develop faster in"~tro than female embryos．The sex of embryos m re determined with 

PCR(Polymerase chain reaction)technique．On day 5(in vitro insemination= day O)。the 

embryos were divided by devel0pmental stages into a group~：16 cells，more than 16 cells 

and morula．In 3 groups，the percentages of males were respectively 32 ，53 aad 63 ． 

On day 7(in vitro insemination=day 0)，the embryos were classified by developmental stages． 

into 4 groups morulae，early blastocysts，blastocysts and full—expanding blagtocysts，After 

sexing，the percentages of males were 28 ，38 ，60％ and’70 ，respectiv*ly．The study 

demonstrated that IvF bovine male embryos develop faster in vitro than female embryos． 

Key words bovine，embryo，in vitro development，male，female 

A general review of the methods in sexual control of anima'ls，currently the separa— 

tion of X—or Y—chromosome—bearing spermatozoa[ ]and sex determination of preimp1a— 

tantion embryosCz3 are being explored two ways．Ho'&erel"，more recently，some data 

showed that male embryos develop at a faster rate in vi~'o and in vitro than female em— 

bryos．Avery et alr 3 found that the percentages of males in bovine from the 3 develop— 

mental groups were 78 ，27 and 11 respectively．Also similar studies 0n mouse ’ 

and bovine[ embryos have been reported．However．Berg et al[ ]indicated that no dif- 

ferences in the sex ratio between fast--and slow--developing embryos could be found by 

transferred to recipients．For exploring a simple，noninvasive method to embryo sexing， 

the objective in this study is to reveal the effect of sex on bovine embryonic growth rate 

in vitro． 

1 Materials and Methods 

1．1 In vitro embryo production 

1．1．1 M edia preparation Oocytes were aspirated and washed using TCM —Hepes 

buffer supplemented with 2 heat—treated cow serum (c．s)and 250 IU／mL heparin 

收稿 日期 1997-06—04 

作者简介 李青旺·男·1956年生，副教授·博士 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


西北农业大学学报 第25卷 

(aspirated medium )．Oocytes were cultured in a TCM —Bicarbonate medium supplement— 

ed with 16 1U／mL Suigonan—opl(hCG)and 15 c．s (IVM medium)．Spermatozoa 

were capacitated in CRl：Bicarb0nate medium supplemented 30 mg·L一 heparin(IVF 

medium)．Embryos were cultured in CRi—Bicarbonate medium supplemented with 2 

c．s(Ⅳ C medium)． 

1．1．2 Culture of oocytes Bovine ovaries were obtained at a local slaughterh0use． 

Oocyte were aspirated and washed twice in aspirated medium and once in IVM medium ， 

then oocytes were cultured in IVM medium (30～ 40 oocytes in 500 vL drops)under 

sterile paraffin 0 1 at 39℃ in 5 CO2 and 95 N 2 for 22~ 24 h． 

1．1．3 In vitro fertilization Frozen semem which divided from a single hul1 was 

thawed in water at 35～ 37℃ for 1 rain，and then washed twice by centrifugation at 700 

g for 10 min．After maturation culture．matured oocyres moved into IVF medium with 

treated spermatozoa and cultured under sterile paraffin 0 1 at 39℃ in 5 Co2，95 N2 

and 1OO humidity for 22～24 h． ’ 

1．1．4 Embryo culture After in vitro fertilization，presumptive zygotes were denuded 

from cumulus cells by vortex mixing．Naked zygotes were cultured with IVC medium 

under paraffin oil at 39℃ in 5 -CO2 and 95 N2for 4 and 6 d． 

1．2 Embryo classification 

On day 5(in vitro insemination=day O)，the embryos were m0rph01。gical1y evalu— 

ated and divided by developmental stages into 3 groups{1 6 ceUs，more than 1 6 cells and 

morula．On day 7(in vitro insemination — day 0)，the embryos were divided into 4 

groups：morula，early bastocysts，blastocysts and full—expanding blastocysts． 

1．3 Preparation of embryos for PCR-amplification 

Embryos x,~ re washed twice in pure PBS and once in 1 XPCR buffer．Embryos were 

spliced into 2 pans(A and B samples)under an inverted Olympus microscope，individu— 

ally，into separate vials containing 10止 0f 1 X PCR buffer．At that time，l L pro— 

teinase K was added(10 g·L )．After centrifuging briefly，each vial was covered with 

3O L 0f light paraffin oil on the reaction m_Ⅸtures to prevent evaparation．The embryos 

were kept at 56C for 1 hour for digestion．Prior to PCR amplification，each vial was in— 

cubated at a temperature of 98℃ for 15 min to denature the proteinase K． 

1_4 Polymerase chain reaction 
，  

The PCR reaction were carHed OUt in a totaI 25 L reaction buffer．Amplification 

were performed in 10 mmol·L～ Tris—HCI(pH8．4)，5O romp1·L- KC1，1．5 romp1· 

L～ M gCI2，0．01 gelatine，5 mmo1
．

· L of each dNTP(dATP，dCTP，dGTP and 

dTTP)and 0．25 IU of Tag DNA polymerase．BRY．4a-specific primes Were added in a 

volume of 10 pmol tO A samples．and 10 pmol of BRY．4a—specific and 2．5 pmot of 

bovine satellite 1．709 specific primers were added to B samples．A negative contro1， 

male and female coutrols(male and female genomic DNA)．were included to detect any 
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validity of the reagents．Tab．1 shows the details concerning sequences and products of 

both the Y—specific and bovine satellite primers used in the PCR sexing assay． 

Tab．1 Details coRcerning the primers used in the PER sexing assay 

Amplificat．ions were carried out in a Perkin-Elmer Therma1 Cycler．A11$amples 

were denatured at 94℃ for 2．3 min，followed by 50 cycles consisting of denaturation at 

94℃ for 30 a，annealing at 61℃ for 1 min，and extension at 72℃ for 1min．Aherthe 

1ast cycle，the samples w re incubated for further 3 min at 72℃ to assure complete ex— 

tension and then cooled to 35℃ for 10 S．The PCR products of al1 samples were then ei— 

ther analyzed immediately by agarose gel eleetrophoresis or stored in refrigerator until 

analyzed． 

1．5 Analysis of PCR products 

Seven mieroliters of each sample were added to 1 L of loading buffer containing 

glycero1，bromplenol blue，xylene cyano1 and EDTA before 1oading on the ge1．Elec- 

trophoresis was carried out in 2 agarose gel with 1 XTBE buffer at 100 volts for 30 

min，stained with ethidium bromide and visualized under ultraviolet light．The embryo 

was judged to be female if only a 246 basepalr product from bovine satellite 1．709 as 

visible in the sample．If a 469 basepair from BRY．4a or a 246 and a 469 basepair were 

visible in the sample，the embryo WaS judged as a male(Fig．)． 

Fig． Agarose gel electrophoresis after PCR 

(M)Pst[digested 1-7 are embryo samphs usingthe BRY．4a primers．B，}aⅡd 0 a sampleswith respectively 

rio，female and male bovine genomic DNA．The samples resolved 0∞ the agarose gel below are aliquata of the sRiRle 

samples a9 above amplified with．an addititon ofthe satellite1．709 primerpair．Sample1．3 and S e assignedmales- 

2'6 nd 7 were assigned females·while sample 4 was not assigned． 
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2，6 and 7 assigned femalest while sample 4 was n asslgned． 

2 Staffstical Analysis 

To determine if there are differences in the developmental rate between male and fe— 

male embryos，Chl—square analysis was used． 

3 Resuhs 

On day 5 after insemination，a total of 1 10 embryos was submitted for sexing and 

105 embryos had their sex determined(Tab．2)．Five embryos(1 16 cells，2 more than 

16 cells，2 morula)either did not show amplification Or were lOSt during the procedure． 

When embryos Were collected from morulae developmental stage，approximately 63 of 

fast—developing embryos were males(P< 0．05)．When embryos were collected from 16 

cell developmental stage，approximately 68 of slow—developing embryos were females 

(P< O．05)．The overall male percentage was 5O and it was no different from the ex- 

pected 1 l 1 sex ratio(P> 0．05)． 

Data in Tab．3 indicated that male embryos developed at a significantly faster rate 

than female embryos on day 7(P< 0．05)．When embryos were collected from fast—de— 

veloping stage，approximately 70 of embryos were males(P<0．05)．W hen embryos 

were collected from slow—developing stage，approximately 72 of embryos were females 

(P< 0．05)．A total of 91 embryos was submitted for sexing and 87 embryos had their 

sex determined．Four embryos(3 early blastocysts，1 blastocyst)either did not show 

amplification or were lost during the procedure．A total of 87 embryos was analyzed and 

displayed 1：1 sex ratio(P> 0．05)． 

Tab．2 Sex ratio of bovine IVF embryos by stages of development 0n day 5 

． ．

c ， r ÷ ； ． ． 
， 

Tab：3 Sex r I悖 b 雠哪br蛔 曲l窖酷 deve|op_ nl̈ d时7 
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4 Discussion 

Earlier findings have demonstrated that the rate of embryonic development and sex 

ratio of embryos have a clear relationship[ · ’ ，and IVF bovine embryos have a higher 

oocurrence of male among more advanced embryo stages and a higher oocurrence of fe— 

male among less advanced embryo stages[~3．hoh and Goto[ ]reported that the percent— 

ages of males in bovine from the 3 developmental groups(fast development，intermedi— 

ate development and slow development)were 77 ，40 and 24 ，respectively．Seller 

and Perkins—Cole[ found that the percentages of males in mouse in the 3 groups(fast 

development，~,ntermediate development and slow development)were 94 ，45 and 

25 ，respectively．In this study，105 and 87 embryos fertilized from a bull sperm could 

be classified into different developmental stages on day 5 and day 7·respectively，and 

the results showed that male embryos developed more rapidly than female embryos did． 

On day 5，the percentages of males from the 3 developmental groups were 63 ，53 

and 32 ，respectively．And from the 4 developmental groups on day 7，the percentages 

of males were 70 ，60 ，38 and 28 ．respectively．The present results were con— 

sistent with the previous findings[ ’ ． 

Although reports in several mammals including mouse[z．4Zand bovine0朋 have indi— 

cated that the development of male embryos occurs more rapidly than fema le embryos． 

Contrary to the results，ao differences in embryo development between male and female 

embryos would be detected．Berg et al[~3 found that IVF embryos transferred to recipi— 

ents(on day 7 after inseruination)and taken to term did not show differences in the sex 

ratios between fast and slow developing embryos．For this reason，it is likely that em— 

bryos may have already been degenerate at the time of transfer(slow development)，be— 

fore embryos were classified into different development stages．In addition，the sex of 

fetus aborted during pregnancy may be another reason． 

The faster development of male embryos is not fully understood．It could be argued 

that male embryos develop faster than female en~ryos because the redused DNA content 

wonld allow faster cdmpletion of DNA replication．However，the findings of Bur— 

goyne[s]did not support this．A genetic influence by the Y chromosome on in vitro 

metabolism may be ir~portant．The increased growth in male embryos ma y be a conse— 

quence of differential gene expression caused by the Y—chromosome．In addition，early 

embryonic development is a very complex process，in vitro—produced embryos can be af— 

fected by a range of different factors such as inorganic ions，buffers，gas composition， 

amino acids，growth factors，vitamins and macromoleculesm． 
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体外生产的牛胚胎在不同发育期的性比率 

李青旺 Liboriussen T 
(1 西北农业大学动物科学系，陕西妨馥 712100) 

(2 丹麦国家畜牧所牛羊系，DK·8830 1 h，Denmark) 

摘 耍 率研究旨在证实牛体外培养的雄性胚胎生长发育是否快于雌性睚胎。胚胎的 

性别鉴定采用多聚酶链式反应(PCR)技术。在体外受精的第 5天，胚胎根据发育期划分为三 

个组：l6细胞期，多于16细胞期和桑椹期。在 3个组中，雄性胚胎所占百分率分别是 ， 

53 和63 ．在体外受精的第7无t胚胎根据发育期划分为4个组：桑椹期 早期囊胚期、囊 

胚期和扩张囊胚期。在性别鉴定后，4个组中雄性胚胎所占百分率分别是 28 ，38 ，6O 和 

70 。结果表明t牛旱期胚胎在体外培养条件下，雄性发育快于雌性。 

关键词 牛，胚胎，体外发育，雄性，雌性 

中图分类号 $823，g5，$814．6 
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