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动物隐花色素研究进展 

吕垣澄，吴晓晖 

�]XȚƖŐďȚȚɘ�ȰI¡?¬ÝʇnƝȤƩÔ�ɐɎÕ#¬Üĥ·Ƞāʃȋ�ȰIɎ�ɐȇǔJȊʃȋ�Ƒ¯ 200433 

摘要: 动物隐花色素(Cryptochrome)分为 I 型和 II 型，对生物钟的调控作用广为人知。I 型隐花色素可以感受光

信号而介导转录抑制物降解，II 型隐花色素不需感受光而直接充当转录抑制物。近期研究发现，动物隐花色素

还参与免疫应答和糖代谢，并为果蝇等动物光信号诱导的化学磁感知所必需。对动物隐花色素的进一步研究将

增加对动物感知磁场过程的了解，也将帮助开发针对糖尿病等疾病的干预方法。文章重点综述了动物隐花色素

的克隆与表达、结构特征、生理功能及作用机制，为这一领域的研究提供参考。 
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Research progresses in animal cryptochromes 

Yuancheng Lu, Xiaohui Wu 
State Key Laboratory of Genetic Engineering and National Center for International Research of Development and Disease, Collaborative 
Innovation Center for Genetics and Development, School of Life Sciences, Fudan University, Shanghai 200433, China 

Abstract:  Animal cryptochromes are widely known to regulate circadian clock and can be divided into two types. Type 

I cryptochromes receive light to initiate the degradation of transcriptional inhibitors, whereas type II cryptochromes directly 
act as light-irresponsive transcriptional inhibitors. Recent studies reveal that animal cryptochromes also have functions in 
immune response and carbohydrate metabolism, and are required in light-induced chemical magnetoreception in animals like 
Drosophila. The further researches on animal cryptochromes will improve our understanding of magnetoreception and aid 
development of therapeutic treatment of diseases such as diabetes. In this review, we summarize the research progresses of 
animal cryptochromes, with an emphasis on its cloning, expression, and structural and functional studies. 
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��ȫ<ʙǙ©-A/ę©Ʊǎ(UV-A/blue-light receptor)�

ɀ¿ƎƾȽŬɇʎɋʬʚ�ɺfɀ¿ɹǭǰƬę©
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ɀ¿Ǝƾ(ǔ�tǭfɀ¿ƎƾʍȩɜtǭƖǭʄ

pĔ�ŋȷɁW�ǋěZȉȵÔ�ɵL7g®?ʃ

�ÇʣɄ��Ǧêztǭɀ¿ƎƾfđĳɎ V�

ô¥ǌɭ�Ɩĝ¢řµʣɄÐʁúȐʜƵ�  
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ɀ¿Ǝƾɜ{ʆtǭʃª�Tɜ�ǫ×ʖtǭ

ʃ�ɂfɀ¿ƎƾÏȽ dCryđĳɋ 1996Ŝ[3]�2005

Ŝ�lǛ�q (Danaus plexippus)fɀ¿ƎƾÏȽ

dpCry1µ dpCry2ȫ��Ǹ[4]�ŕŲ�Ǹ�ɂɶǙ

fĉX+�ĖDuɇ(ɽȮ�ɀ¿ƎƾÏȽ[5]�'

ƉtǭȮąɇĩ�ɀ¿ƎƾÏȽ�Ŭʃƅfɀ¿

ƎƾÏȽ hCry1 µ hCry2 đĳɋ 1996 Ŝ[3,6]�ĩŜ

½�ȄƳɀ¿ƎƾÏȽ mCry1 µ mCry2 ȫ�đĳ[7]�

M½��'Ɖě×ʖtǭfɀ¿ƎƾÏȽȫ�ĸȘ

đĳ�ŕŲȳɵ�ʉʐʮ(Xenopus laevis)ąɇ XtCry1�
XtCry2 µ XtCry4 3 �ɀ¿ƎƾÏȽ[8]�Ó(Gallus 
gallus domesticus)ąɇ cCry1�cCry2µ cCry4 3�ɀ
¿ƎƾÏȽ[9]��ŃɌ(Danio rerio)ɞąɇ zCry1a�
zCry1b�zCry2a�zCry2b�zCry3µ zCry4 6�ɀ¿

ƎƾÏȽ[10]� 

tǭɀ¿Ǝƾ8� Vɋƕýʠɷ�ɂ dCRY

� Vɜ�1ƕýɑ[11](Ventral lateral neurons, LNvs)

Ô�ȣ�©ǵ� [12]�ʍȩrǥɋǵ�ʂ�ȄƳ

mCRY1� Vɋƪì4Ƒ´(Suprachiasmatic nucleus, 

SCN)�rǥɋǻģǎ�mCRY2 � VɋƪǜŒ�r

ǥɋǵ�´[7]�ƅ hCRY2� VɋƪǜŒƕýóǵ

�3(Ganglion cell layer�GCL)�rǥɋǵ�´µǵ

�ʂ[13]�  

2  ��������
�  

tǭɀ¿Ǝƾ_��° Nwf©ȓ�ŅǔɖŻ

(Photolyase homology region�PHR)ȵÔȗĬµ9v

(�Ưf C wpĔǣŻ(C-terminal regulatory tail 

region)�Ųɦƀ�©ȓ�Ņf DNA ǃƐȓ�¢ř�

½ɦɎ_�ǵ�Řrǥɇ¦[3]�2011 Ŝ�Zoltowski

g[14,15]õǮīɂɀ¿Ǝƾ_� dCRYfô¥�PHR

Żfƍǡô¥�° Nwf α/βô¥ɏµ Cwfłș

ô¥ɏ�ĩ�ô¥ɏãƦȮ�9fĥô�łșô¥

ɏfĩ�ǖîȏ=Ȯ�Ŵ�Đȵ�¤àô·Æƾǹ

ʨʦ�´ʤǀ(Flavin adenine dinucleotide�FAD)�

PHR Ż	/HfSÁʃȋ(ô· DNA iǭ�~Ʀ

ô· CwpĔǣƑk 536ǥƑ�ƯfƎ�ǀ(Trp536)

ǗE�O~őŚ©ȓ�Ņz DNA ©Á6ǭfƞ!�

dCRYƑf Trp 342�Trp 397µ Trp 420 3��Ïǀ

ʠ=f©ÌÁoʚImħòƱ©ř½�řêô·f

ȦÁǉ FAD(FADox)ʒ�ǠƷoʚÃɓǉ FAD 

(FAD•-)�ɨȮ©ɿÃɓ®?Ëȿ� dCRY¥ȁ���

bɿ CwpĔǣĜċ PHRŻf	/�2013Ŝ�Czarna

g[16]ɊõǮīȄƳɀ¿Ǝƾ_� mCRY1 fô¥�

mCRY1Ɏ dCRYɜ�!�ÏǀƑf5ȼ�ɍmCRY1

ȮȆ(ǔfǌȑ�ƈ mCRY1 f Ser71�Ser280 Ʀǹ

ʤǀÌÁ_�ÒŅ AMPKfĮǀÁǥn�ĐȵǾɁ

ǵ�fZȉʕǉ~pĔ mCRY1 fǨrȑ�Ser247

ƦƻĭɓÌÁ_�ÒŅ MAPKfĮǀÁǥn�ɃǾ

mCRY1ʣǠʒķȶʁǭfÌȑ� 
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ƖǭʄƦƖǭǎȐǠ�ƖĝµZȉÌtª�T

ɜfʋȭóĻ�tǭƖǭʄfȏ=µǡBȯčʒķ/

�Ȼ��ĕÂĵʃfʒķÒÌǭµȶʁǭ�ǇŇƠ

ǎŘƖǭʄ_�ȵÔʄĔ_�f°Īʋȭ�Á�ɀ

¿Ǝƾ-ɎīƖǭʄfȏ=��Ąɀ¿ƎƾɜpĔ

ƖǭʄʃfʣɄ�ǇŇ��Ǡĩě(ǘ 1)�I Ȏɀ¿

Ǝƾ(ƈɂ dCRY)ƦǫʒķȶʁʣɄ�ʣǠ©Ʊǎ

z©ǾɁfɀ¿Ǝƾ�IIȎɀ¿Ǝƾ(ƈȄƳµƅf

CRY)ʣǠʒķȶʁǭ�z©ǫȯĘ�ɇȸƺfƦ�

lǛ�qÛąɇěƼ dCRY f I Ȏ©ȯĘ^ǫȶʁ

ʣɄfɀ¿Ǝƾ dpCRY1�ȫąɇěƼ mCRY1/2f

II ȎɇȶʁʣɄ^ǫ©ȯĘfɀ¿Ǝƾ dpCRY2[4]�

�ŃɌʃ�zCRY3µ zCRY4ƦěƼ dCRYf IȎɀ

¿Ǝƾ�zCRY1a�zCRY1b�zCRY2aµ zCRY2bƦ

ěƼ mCRY1/2f IIȎɀ¿Ǝƾ[10]� 

dCRY ƦɂƖǭʄʒķ/�Ȼ��ĕÂĵfȮ

+��-Ɏz©ǾɁµƖǭʄpĔ�ɜ¹�ʕǉǶ�

dCRY f C wǣųƊ PHR Żf	/�ʟɽŬɎ

Timless_�Ô E3�ƾĦòŅ JETLAG (JET) Ǽô

·[14,17]�Mƚ�ʒķȽʚ CLOCKµ CYCLEÒÌȈ

YE-boxŮtʚɑçfÏȽ period (per)�timless (tim)

ȵÔ cry V[18]�PER_�Ɏ TIM_�Ǽô·ȏ=

�·ǭ�ĮǀÁ½úƊ´Řȶʁ CLOCKµ CYCLE



 

866 Hereditas (Beijing)  2014 k 36ć 

  

    

f¢ř�O~�B PERɎ TIMf°ĪǨrɜðhƸ

ũ�ɜ©ɤǶ�dCRY_� PHRŻô·f FAD�©

ɿÃɓȿ� dCRY ¥ȁ����ĴEf PHR ŻɎ

TIM Ô JET ô·�JET f�ƾÁʣɄbɿ dCRY µ

TIM ëõ�O~õF PER Ɏ TIM z CLOCK µ

CYCLE fȶʁ�Rú per µ tim  V�ȪƖȎɂ
ɜȭã�©NÒ½�Ë ǸEƚǼǥȱ�~ąɇ FAD

ô·ǥnǗ�f crybɂÖƠ�ɍɰ8Ŏ�ʈū�

Ŭ PERµ TIM_�f Vȫ�ƖǩĿ[19]� 

ȄƳg'Ɖtǭf CRY1 µ CRY2 ƴɋC`ʒ

ķȶʁǭf II Ȏɀ¿Ǝƾ�ȄƳƪì4Ƒ´ CRY1

f V>ǸʋȭóĻ�ɜĦȘ¹�ʃȫř�B�Ȫ

ƖȎȄƳɜĦȘ¹�ʃř�BɎɜɰ8©�ʈūǶ

Ǽǔfə 24 h fʛʍÌtʈū�(Ʊ©ɤɃǾ�

mCry1 Í mCry2 ŶFȄƳɜɰ8©�ʈūǶřǡB
ə 24 hfʛʍÌtʈū�^ɜĦȘ¹�ʃ�!ɡǸ

ÞƿµäÄfʈūȑʛʍÌt[20]�ȄƳʛʍfóĻ

ȑÌt(ùȯč mCRY1µ mCRY2�ȫƱc©Ʊǎ

(ƪ¹ƾ)Imf©Ȍ³pó[21]�mCry1 µ mCry2 Ʒ
ŶFfȄƳ�ɜĦȘ¹�ǶǚſsƙʛʍÌtóĻ�

^ɜɰ8©�ʈūǶƇřǡBə 24 hfʛʍÌtʈ

ū[20]�ɜȭğ�ɍƷŶFȄƳ©ɉb�řƠ Per  
VƑpȏ=ěƼɋƖǭʄfǼȱ[22]� 

'ƉtǭƖǭʄȫȯĘɋŘɜfʒķ /�Ȼ�

�ĕÂĵ(ǘ 1)�ɜƖǭʄʈūfŭơ�ʒķȽʚ

CLOCK-BMAL1ȼɖ�ăǎÒÌŮtʚŻ° E¸ɟ

ŵʚfÏȽ Cry1�Cry2�Per1�Per2�Per3�Rev-erbα
µ Rev-erbβ g V�6Ɩf�ʆ CRY Ɏ PER _�

ɜǵ�ʂʃô·$Ɗ´�Ȯyƚã½�ǂʗƑƵ_

�ɜǵ�´ŘŠvfɟÞ�CRY_��Çʒķȶʁ

¢ř�ʟ} CLOCKµ BMAL1÷bfʒķ�İȮ�

Ō� VEf REV_�Ɗ´$ɎRú Bmal1ÏȽʒ
ķf ROR_�Āɮȑô· Bmal1Ůtʚʃf RORE

ǾɁɑç�O~ʟ} Bmal1fʒķ[23]�ɨȆƥçb

ɿ CLOCK-BMAL1ȼɖ�ăǎŠvëh�ʒķÒÌ

ƸũúȮ*Ƕë�ǂ½�ȊȮŀƖǭʄʈūɊǂʗ

´Ř CRY�PER µ REV g_� VǶëµëõ�

CLOCK-BMAL1ȼɖ�ăǎǅƱʟ}fõF~ʌè

Ůt[24]� 

Fīʒķ/�Ȼ��ĕȜÂĵ�ĮǀÁ��ƾÁ�

ȴʯÁ�SumoÁg�Ȼ½ȓƨzɋpĔƖǭʄ_� 

 
 
图 1  两种类型隐花色素的转录/翻译反馈循环的示意图 
ęǻZ CRYf CwpĔǣŻ�¼ǻZ Ɗ´$ȶʁ�ľǻZ

 Ɗ´$ÒÌ�¹żǻZ E´Íô·�ÞP¹ɥǻZ ʒķ�

Ȼ ® ? � CRY, cryptochrome; PER, period; TIM, timeless; 

CLK�clock; B�Bmal1; CYC�cycle; JET�E3-ligase Jetlag; FBXL21�

F-box and leucine-rich repeat protein 21; FBXL3�F-box and leu-

cine-rich repeat protein 3; REVs�reverse-Erb receptors; RORs�

retinoid-related orphan receptors; RORE�retinoic acid receptor 
response element. 

 
fǨrȑÔǵ�ȟrǥȫŭʗʇȩʣɄ�ȵ CRY_

�Ǡġ�ƴɋ F ¸Ȏ E3 �ƾĦòŅÝʞf FBXL3

ɜ´Řô· CRY$ɉbŬ�ƾÁëõ[25,26]�ǔȮÝ

ʞf FBXL21ɞʍȩɜǵ�ʂʃô· CRY�BŬǨ

r[27]�İǙ�CRY1f Ser 247µ CRY2f Ser 265

ǥnȮȨuĐ�ÒŅ MAPK ĮǀÁ�ɟŵʛƔz

CLOCK-BMAL1 ȼɖ�ăǎfʟ}Ìȑ�^ CRY2

f Cw� CRY1{Ȯ�Đ�ÒŅDYRK1AĮǀÁf

Ser 557ǥn[28]��ǥnĮǀÁ�ǂʗǋɓ·=ŅÒ

ŅGSK-3β÷bfSer 553ǥnĮǀÁ�ʡʅɉbCRY2

ʛƔ�_�Ņǎëõ [29]�ɨƠ CRY2 z CLOCK- 

BMAL1 ȼɖ�ăǎfʟ}ȅƌɋ CRY1�ɨȨ�

ɜ CRY1µ CRY2´Ř_�ʝĪǼz»rƚ�Ŭ�ġ

êĐȵƷȀpĔƖǭʄʈū[30]�ɨɎ Cry1 µ Cry2
ÏȽŶFȄƳ�!ɡǸÞƿµäÄfʈūȑʛʍÌ

tǼǧ·[20]� 

ɀ¿ƎƾȫƦƖǭʄɎǋěZȉµŋȷɁWĥ

Ǵfʃȋ�ʚ�ȄƳ CRY1 µ CRY2 ʣɄɋǋŤʂ
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ÒƾƱǎ(Glucocorticoid receptor)½�ȶʁǋŤʂÒ

ƾƱǎ-Ɏfʒķ[31]�CRY1 µ CRY2 ô·Ȅ�ʚ

KL001 ½��ŋʛƔ��ƾÁëõ�CRY1 Īɟ{�

CRY2ĪɞǡBǨr�ɜäÄƖǭʄfǔƚȶʁȲ�

țǋƾɉbfǋȼƖʣɄ[30]�~ƀƒīCRY1µCRY2�

ǵ� NF-κB µ PKA Ȍ³ǓĵË�ÒÌ�ŲȢɲǵ

�ȽʚfƸũǍƗ[32]� 

4  ����������!#�%���

�" 

L7�ɵ(Magnetoreception)ƦɼƖǭĠɄjL

7Ǡ«±�ʏ;Ô9ĆĜűʩgȐtǍ£�ǥȌǱ

fřĤ�ĖD�Ɍě�ŝěµ'ƉtǭfȖ{ǭʆ

uɇL7�ɵřĤ�ġƈ�Canton-S ŨǴɂǤƱ

ȞĨƚɜ2ƫʓʀʃźȀɋǫL7fȮ1�Ǔ®Ȟ

ĨéĢŭƜǭɎL7ãfǑç�Ɠ½ɞĐźȀɇL

7fȮ1[33](ǘ 2)�¼ʰɌ(Oncorhynchus nerka)ʫɆ

f�Ȁ(Ʊ©ɤɃǾ�^`L7�Ȁśƚɪťʒ 90

v½ŬɆt�ȀȫǼɁśƚɪťʒû 90 v[34]��

(Columba livia)ĐȵɜņɇǈȥɼȀfȾǏɰƂ«

±�^þ�+ɠƑLǒ½ËɜȾǏňƙ�Ȁ [35]�

C57BL/6JŨǴȄƳý®ȞĨ½ĐêǪUɜǌrfL

7�ȀƑ [36]�Ȫş(Bos primigenius)�ŃĶ(Cervus 
elaphus)�ǯ�ʪ(Capreolus capreolus)A0µȒǱƚ

fǎʊɼȀȫȯjL7�Ȁpɯ[37]� 

Ƞā�Ǹɀ¿ƎƾµûʙǙ©fTɜƦɂ�

ɵL7řĤf�ȩǑç[33]�ƀ� 400~420 nm%9û

ʙǙ©ƚ�Canton-Sɂǫ�å!L7�cryÏȽƀ
Ǻ(cryb)Íƀƙ(cry0)f Canton-S ɂǫŁƦ�òƱ

ȞĨȫu(řɜ2ƫʓʀʃɡǸL7źȀȑ�^ǎ

Ř VlǛ�qf dpCry1 Í dpCry2 ÏȽ½�cryb

Ǘ�ɂĐɜ%9 420 nmȵǶ©ɤƓƚ�ɵL7[38]�

 Vƅ hCry2 ʒÏȽ½� cryb Ǘ�ɂȫĐɜ

400~500 nmûʙǙ©µę©ɤƓǶÈ�L7�ɵ[39]�

ɇȸƺfƦ�ƑƵ%9ɰHɋǼɁɀ¿Ǝƾfō�

%y�Ǎƣ©ɤĐřƦǓ®ɀ¿Ǝƾ�ÇʣɄ[40,41]� 

űʩŝěfL7�ɵȫĐřɎɀ¿ƎƾǼĥǴ[42]�

Hɋŵvðhfx%9\Ǝ©(370 nmʙǙ©�424 nm

ę©�502 nmęľ©Í 565 nmľ©)ʃƚ�ɵ ŝ

(Erithacus rubecula)fKØűʩ�Ȁ�Bɰ8�Hɋ

Ŭɀ¿Ǝƾ(ō�f9%9Æ©Í¼©ʃƚ�ɵ  

 
 

图 2  果蝇感知磁场的行为检测原理图 
Ʒ1fǻžȮ1ǓũȐoĲ�6ƖɎjL7Ǽ`fL7ŵv(5G)�

İȮ1Ǔ�ȀoĲ�ǫL7ŵv�úƊ¹ǽf©ǻ%9Ǔ® Å

Ƒ�fĽ©ŦĔʁ�ȞĨƚ(Ƒǘ)�Ɉ1ǻžŘǓũȐoĲ6Ɩ

L7�ɂǓ®ƗëÐǓd�ƽɾɈ1°ɇɧǋfă�ȴǲ¨Ř

úƜ 2 min�2ƫƚ(Ƕǘ)�ƗëÐǓdƸũ�ʀȵȂFȞĨƚ

fǥʀÚȹ�ǤƱȞĨÍƱ®ȞĨfɂOǓdúƊĩ1Ē¨Ř�

2 min½�ǕÙɇL71µǫL71¨Řfɂƶ[33]� 

 
ŝËňƙ�Ȁ[43]�¿ɔʥ(Sylvia borin)�ƱL7�Á

½Ŭƕýóǵ�Ìɚ�~ŬƪǜŒµƕýóǵ�ʃ

Ċɇ��f CRY1 _��)�ɎMǼ���űʩŝ

ěfƕýóǵ�ɜ�ƱL7�Á½(Ìɚ�ǵ�ʃ

CRY1°Īȫºh[44,45]� 

9ūȵė�õƧtǭL7�ɵÐĝfʍȩɇL

üǎ�ɵ(Magnetite-based magnetoreception)µÁȚ

L�ɵ(Chemical magnetoreception)ĩʆßƹ[46]�L

üǎ�ɵßƹƆǠɜǙ+L7ʣɄǶ�ǵ�ʃfL

üǎĎģQɬĬê�Ɩȏ��ɃǾǵ�ŒƑĜʚǓ

dfċ��6ƖǼɁfǵ�Œoǥ��ʎtǭ�ɵ

L7���ɵ ŝgƑʧ+uɇLüǎTɜ�6Ɩ

fȌ³ĐřǓ®ƍ4ƕýImɾŗ[47]�ʰɌfȔ�

ȫ��ǸąɇLüǎ[46]�ƃ~�º{ɇL�ɵřĤ

ftǭǎŘǤ�ǸLüǎÍɎLüǎǼĥǴfƕý

Ǔĵ�ɵ ŝ�ĴɋjL7ŵv 1%fǞƌ�ŧɫa
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Abstract 
Size control of tissue-organ is an under-study field, known relative genes usually 

involve in insulin signal transduction and cancer. In order to do a large-scale 

screening of size-control genes, we are developing transgenic mice that can secrete 

luciferase into blood from specific tissue. This system uses three secreted luciferase to 

label three organ-tissues respectively. The modified Firefly luciferase labels cardio 

muscle, Cypridina luciferase labels pancreatic islets and Gaussia luciferase labels 

adipocyte. According to the level of luciferase in blood, this non-invasive 

measurement could reports the size of organ-tissue. This thesis built three transgenic 

constructs aMHC-spC-FLuc, aP2-GLuc and cHS4-RIP-CLuc4they can respectively 

express in H9C2, 3T3-L1 and�TC-6 cell lines. The three luciferases only catalyze 

their own substrate without cross-reactions. After doing the transgenic co-injection of 

these three constructs into the mouse zygotes, we obtain three single-positive founders 

from the 24 founders. We plan to use these positive founders to measure the size of 

cardio muscle and pancreatic islets. This blood luciferase system offers a new method 

for large-scale screening of specific gene expression mutation and specific 

organ-tissue size mutation. With the help of this system, we can also monitor the 

change of gene expression and tissue size during drug treatment in live mice, thus the 

drug screening could be improved. 

 

Keywords, 

Size control, tissue-organ, secreted luciferase, transgenic mice, non-invasive 

measurement 
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ƄùˡúĀȁȏįÅÈ÷ĉ’ǸÛÌĿsʏ4Ì,š©È÷ĉ’Ŵƭǲ�;

ǳǴÃFʂˀ˜ǸǌÑŭƯ4êÝ�ɀč betaȡȿȠȢGĘ�șċǴ@�Ʈ

ŻãǸɀčț�Ý�ĵȷȡȿȠȢGĘ�ŽFĵɝȕǳǴĻȲÌȬɝȳÔƠǸ

ʰ�ĵȷ�~ąɃȹȠȢGȩɪȸȾėƋǸ³ȇfģˀ˜0PŴɎĽÑƄùˡ

úĔƀǸ 5000*Ȑ©ÄȚĄ˦+æɩƚȔʧÈ÷ĉ’ǸɢÖ4ǻ�ǸȔʧŭƯ

òÑȬˉ6ɪ�ȔʧŴžǼŖǸŭƯ4Pʟ#BMƇƠĄ˦4ȳ&ɎĽɠʸĄ˦

pw!Ƿ*ɀčǸĹpȊ4Ǝˌøʸ&đrʸ3Ĳæ�ÑǝøÈ÷+ɢʚ GFP

ȓɒlɜǶ¬ʦǫ9ɢČǸæpȊÈ÷2êɁɆȼǵ34Ì,ɒlɜǶ¦lːɦ

âǰřXǏ¦l4Ą˦Ʀ¦ĭŃǸ¦…lMĀwʰÈ÷Ǹ¦…l=ǪĪȽŸÉ˕4

ɒlÐ×ĳ�3¬ŴÈ÷Ǹ˓Ȋȳ˒pȊ4«âʞĶ˘ƵpŃ×e0ŇGʟ(ȇ

ŭƯʲ#�9Ą˦Ȑ©pǸæɩƚȔʧ0 

 
Ð 1 ʕÛÌʗpȥƏȄľÐ  

ɒlțʳGg�ǝĦġǜǸƧ�¥Ġȳ=ǪǪǜɇ¦l4ɢʚ9ƵpŰ]

ÉƤR4GʨʛƵpŃ×eɨƸ0ȳ�Ʈĸɒlțʳ#BGƵpŃ×4ʞɂ

ōɝƘƸ0Ìƞ4ÑĄ˦+Ĥȑ�ƮĸɒlțʳŌÀȚȨGʨʛƏĤȠȢǝĦ

ĸ¼�ï$�ƮĸɒlțʳÛÌǽʡǸʗp4ʕÛÌƱ…ʗp�¨Ș�4Ũ´9

Ą˦ÛÌȠ4ɖĳʕÛÌĄ˦0ŻæǸȠȢG�ƮŻãǸɒlțʳʠoɝǀ4

ʨʛƸʸĄ˦Ǹɝǀ2ɝƷ3 +�ƮĸɒlțʳǸ»ʸ4ŌÀǝĦ¼�ïǸɢ

Gaussia&Luc�

Rat'insulin'II'���' Cypridina&&Luc�

aP2'���'

Firefly'Luc�α5MHC''���'
s
p
C�

Cypridina'Luc���'

pA�

pA�

pA�

���%

�β5��'(βTC56)'

��(H9C2)'

����(3T35L1)''''�

��	�(���)'

���� %

���� %

���� %

���%

���%
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ʚĪĢ4ˁ ŖŌÀǝøÈ÷Ǹĉ’0õʦǫ9ƔɱĄpȊÈ÷ŅǁČǸÈ÷βÑ

pwŦĕǸȠȢ2êɀč4ɥɋɃȹ4ȼǵȓ34ʭn6ɪ�ÃɢʚɒlɜǶ(

ȇȔʧŭƯǸȬˉ0 *ʗpɴɬê2Ð�34 aMHC¼�ïˠ� Fireflyɒl

țʳɢʚ9ĵȷȠȢ�1�4aP2¼�ïˠ� Gaussiaɒlțʳɢʚ9ɃȹȠȢ�2�, RIP

¼�ïˠ� Cypridinaɒlțʳɢʚ9ɀč betaȡȿ�3�0 

＝Ƃ61. Ń�ƏĤɴɬǸ *ʗpʈȗ�2.  *ʗpʈȗŃ�ʕƓĀĠÈ

÷ǸpâȡȿȚ4Ń�ɢʚɒlțʳĝɣƘƸ��3.  ȇɒlțʳˁŮ<¢¥

Ġ4& Firefly luciferaseȤʛšʩ·ɂŃ��Ʈɉȡȿâ�4.Ń�ă *ʗpʈ

ȗʠɞʕÛÌƱ…4ĳ�ʕÛÌ˃ĸĄ˦0 

�ƮĸɒlțʳĔɣĠǫ9ŌÀȼǵȠȢǸÝʿÃʕȌ�4�4ÑȼǵȠȢ+ɢ

ʚ Gaussiaɒlțʳ·4ăȼǵȠȢȌƙ�Ą˦ɃȹØ4KȼǵǪʿ0Gaussia

ɒlțʳÑɝǀ4ɝƷÃċǀ+Ǹ»ʸ／ȼǵǸǪʿȳÝʿ4¿ʘéǸǽrĸ0

řȄ�ƮĸɒlțʳGɣǫ9ŌÀȠȢĉ’0 

Ñµ�¬Ȱ˦!ƏĤ ȇÈ÷Ǹ�ƮĸɒlțʳŌÀȚȨ4#BG¥ų 

ȇ¼�ïǸùŰɢʚĪĢ4ʞɂˁŖ¥ų *ǽrÈ÷ĉ’0ˁǸrȚ0ɦɪz

Ǹˀ˜ŴÑµ�¬Ą˦ʔ!�� ȇɒlțʳ4˟ kɦ\ɵĀİƞġǜŮ<¢¥

Ġ4 tƛŴɂ��¦llʅ0 

 
Ð 2 ɒlțʳĀĠġǜ�¦llʅβʧǫǸǊlǚ  

ƄȁȏŇʧǫǸ ȇɒlțʳ+4õIǸġǜ³#ǽµ0Cypridinaɒlțʳ

Ã GaussiaɒlțʳŴ�Ȇ9ƺƳ�ǜǸ�ƮÖɒlțʳ0ʨʛŌÀÛÌʗp4

Re
la
%v
e'
Lig

ht
'U
ni
ts
'(R

LU
)*
'

Wavelength'(nm)'

Luciferase* Cypridina) Gaussia) Red*Firefly*

Substrate* Vargulin' Coelenterazine' D<luciferin'

Filter* 480±20'BP' 480±20'BP' 640'LP'

*'From'Thermo'Scien%fic'
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ǫ9Æ5�ǜȡȿɢʚ0ɢʚ·Ǹɒlțʳ,�ƊȻ！Ǹ�pʳ4�ïʘĄ&

uƀ�Ʈĸ]±Ȼ4Ìƞʨʛwʈȭ�Ʈ�ȡȿâ0Gaussiaɒlțʳg�ġ

ǜ coelenterazineǸƧ�¥Ġĝ&¦l2žˢbÑ 475nm30Cypridina ɒlțʳ

g�ġǜ VargulinǸƧ�¥Ġĝ&¦l2žˢbÑ 465nm30Red Fireflyɒlț

ʳŴ�ȇȿwɜǶ4ɜǶ�ïʸƀ 61KD4g�ġǜ D-luciferinǸƧ�¥Ġĝ&

¦l2625nm34¿Ȝɋ4Vtɂå$ Cypridina2ƺɘ3ɒlțʳĲéÒ��ĥ4

aȳGȠ´Vǫ0ǭ9ġǜ³#ǽµ4ŇG ȇɒlțʳ#òÑ<¢¥Ġ0ī

ġǜjʐŰ4¦lĪĢ$ɒlțʳǸƹĢŃƝƤ0 

aÐ+GǾ� CypridinaÃ Red firefly ɒlțʳ¥ĠǸ¦…lʅ�1#ʷ

ª2ɧÐ 4ʷª<1%3,&ġǜ#µ0Ìƞ¸Ą˦ɝǀ+Ʊ…ġǜ4G`�

ƵpŃ×e$（į�ÙŇȄǸǊlǚ�ķɨƸĝ��(ȇɒlțʳ¦lĪĢ43

ʠɞōɝƘƸ0Gaussia ɒlțʳǸlʅ$�(Ȳƀʷª4#ɂ$�(ȲµŰ

�ķɨƸ0PõǸġǜ, Coelenterazine4$�(Ȳ#µ0¬ɦ�ǞƱ…ġǜ4

#$�(ȲµŰƘƸ4ŅȲĳ�(LɝǀƖÄ4�#µǸġǜ� 0 

ǭƞǫ ȇ#µ¼�ïƋˠ�ʟ ȇɒlțʳÛÌ4 Ñµ�¬Ą˦ʔ!°

ʕÛÌ4ǫƵpŃ×eɨƸĄ˦ɝǀ+ɒlțʳǸƹĢ4�¥ų ȇ#µ¼�

ïǸ¼�ĪĢ©�4ˁŖŌÀ ȇÈ÷Ǹĉ’ 0 

 
 
 
 
 
 
 
 
 



6"
"

ƉŪ$ŭƯ 
1 ƉŪ 

1.1 ȡȿ$ȠȢƖÄ 

1.1.1 ȡȿ  

æ˦ĵȷȡȿƕ H9C2�Ą˦Ƀȹ�pȡȿƕ 3T3-L1ÃĄ˦ɀč�

ȡȿƕ�TC-6ÓǭƄùˡú\ò0  

1.1.2 ȠȢ 

S9Ț�ʕÛÌĄ˦Ʉʑ 

1.2 ʗp$ü-ɗ 

1.2.1 pSP72.RIPǭƄùˡú\ò 

1.2.2 pMCS-Cypridina Lucʉɇ ThermoFisherp² 

1.2.3 pMCS-Gaussia Lucʉɇ ThermoFisherp² 

1.2.4 UbB-DsRed-emGFPǭƄùˡú\ò 

1.2.5 pBS aP2 promoter polyAʉɇ addgene 

1.2.6 aMHC-eGFP-Rex-Neoʉɇ addgene 

1.2.7 DH5aĿ¨ķȡȿʉɇçƗp² 

1.3 Ą˦ÄȚ 

S9Ț�ʕÛÌĄ˦,Ƅùˡ+ʕÛÌƱ…=Ǫ,Ą˦ÄȚ, FVB/NJ0

ŇƀùˡǫĄ˦ÓÑàůæô¦ȺǪǜôȁȏŇǸ SPF ȝ�ǜņ˞v0

ŇƀǸĄ˦ùˡÓŐǕàůæô¦ȺǪǜôȁȏŇ�ǜ˞vβȕǧí

ÁM (IDMIACUC) Ǹƀrùˡ�ǜȅ�ÃVǫȕǧƊWʠɞŞr0 

2 ɹ� 

2.1 LBÚvÛ 

ȠŃ LBǀpÚvÛ21 L3 LBÎpÚvÛ21 L3 

Tryptone 10 g 10 g 
Yeast Extract 5 g 5 g 

NaCl 10 g 10 g 
Agar ― 15 g 

�Ʃøûɉ 1000 mL 1000 mL 

� 1 mL 1M NaOH4ǑɗƊJ6121�4ˢ�ǇǓ420 min0 
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2.2 FuGENE HD Transfection Reagentʉɇ Promegap² 

2.3 ȡȿɤɪǀ: 1% Triton X-100,25 mM ¤ǩƨȻ,15 mM MgSO4,4 mM 

EGTA,pH7.80VǫŰŬˤ� DTT ɉȣƹĢ, 1 mM0 

2.4 ɒlțʳ¥Ġȩyǀ:25 mM ¤ǩƨȻ,15 mM KH2PO4/K2HPO4 ȩy

ǀ, 15 mM MgSO4,4 mM EGTA,2 mM ATP,pH7.80VǫŰŬˤ� DTT 

ɉȣƹĢ, 1 mM0 

2.5 ɒlțǈǀ:25 mM ¤ǩƨȻ,15 mM MgSO4,4 mM EGTA,0.2 mM ɒ 

lț,pH7.80VǫŰŬˤ� DTT ɉȣƹĢ, 1 mM0 

2.6 ʕÛÌƱ…ȩyǀ:10mM Tris-HCl pH7.5,0.1mM EDTA pH8.0,100mM 

NaCl, 0.03mM spermine,0.07mM spermidine 

3 ùˡŭƯ 

3.1 ÛÌɢʚʗp 

3.1.1 ƏĤ HS4-RIP-CLuc  

pSP72.RIPȤ HindIIIÃ KpnI¤ʳ�=ǪǸ 743bp ǚơʡo 

HindIIIÃ KpnI¤ʳ�ÞǧǸʗp pMCS-Cypridina Lucĳ�

RIP-CLuc0G UbB-DsRed-emGFPʈȗ,ƚǛ4ǫ KODˢ\ǿʳ

PCR2Ĩǜ SpeI-cHS4-F�KpnI-cHS4-R3ŊÝ� HS4ȧȫïǚơ0

ă SpeIÃ KpnIʳ�ÞǧǸ PCR=ǜʡoµƖʳ�ÞǧǸ

RIP-CLucʗp4�ĳ HS4-RIP-CLuc0 

3.1.2 ƏĤ aP2-GLuc 

pBS aP2 promoter polyA Ȥ HindIIʳ�=ǪǸ 5.4kæǚơʡo

HINDIIIʳ�ĝ CIPɅȃÞǧǸʗp pMCS-Gaussia Luc4ĳ�

aP2-GLuc0 

3.1.3 ƏĤ aMHC-spC-FLuc 

F-spCFLuc-HindIII$ R-spCFLuc-ApaIʤǐ=Ǫ spC]±Ȼǚơ4

ʡo HindIIIÃ ApaI¤ʳ�ÞǧǸʗp pGL4.20�luc2-Puro��ĳ

spC-FLuc0aMHC-eGFP-Rex-NeoȤ AgeI ʳ��Klenowɡě�XhoI

ʳ�=ǪǸ 5.5kæǚơʡoȤ HindIIIʳ��Klenowɡě�XhoI

ʳ�Ǹʗp spC-FLuc�ĳ aMHC-spC-FLuc0 
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3.2 ȡȿʕƓ 

24 ðƍƣðʼ 1x10^5 * H9C2�3T3-L1Ņ�TC-6 ȡȿ,ıȡȿʼǉ 

80%,ƣðǫ 2ul FuGENE HD Transfection ReagentʕƓ 0.9 ug ɒlț

ʳŌÀʈȗÃ 0.1ug w¡ʈȗ (pcX-nLacZ)048 ĄŰ·Šɖȡȿ0ƣ

Ƞʈȗƀ *ʷà,ƣƛùˡǞȑʷà ƛ0ǫʸ, Transfection 

Reagent (ul)/ʈȗ(ug)=2:10 48 ĄŰ·Šˎȡȿ0ƣȠʈȗƀ *ʷà,

ƣ*ùˡɉąʷà�ƛ0  

3.3 ɒlțʳɹˡ 

¾§ 400 ulȡȿ!。Ǳǫ·4ǫ 1ml ＝|Ǹ PBS ƴȡȿ ƛ,� 

200ul ɤɪǀ 4�Cɤɪ 1 ĄŰ,�§ȡȿÑ 4�CG 13000rpm Ȇĵ 

5 �ʻ·¾§!。0 

ɒlțʳɹˡ:Ñ¥Ġȕ+� 100ul ɒlțʳɹˡȩyǀÃ 10ul ȡȿ

ɤɪǜ, Ţo|leǸɒlɬŧú,�o 30ul ɒlțǈǀ·Ƹøɒl

țʳƵĸ0ȡȿǸɒlțʳƵĸ�,ŌÀÛÌǸɻāƩě�¦lĪĢ0  

3.4 ʕÛÌqƱ… 

Ʊ…ǫ DNAǚơǭ NucleoSpin Gel and PCR Clean-up�ß, ă

aMHC-spC-FLuc, aP2-GLucÃ cHS4-RIP-CLucŐ30:20:1Ǹŝ尔Ƥǈɪ

ÑƱ…ȩyǀ+0ŐǕƔ}ŞrƶȎ, 2ng/ul Ǹǂ´ DNA ɣƱ…� 

FVB/Nj ÄȚǸ¨Ș�+0ƗœĨǜ F-aMHC�R-Firefly�RIP-F�RIP-B

Ã F-aP2�R- GaussiaǸ GT-PCR ȥƑ�ƟȂøʕÛÌ˃ĸĄ˦0 

3.5 GT-PCR 

�§Ą˦Ʉʑ,�o 200 ul »ɜǶɤɪʳ K(ȣƹĢ 250 ug/ml)Ǹɤɪ 

ȩyǀ(100 mM NaCl, 100 mM Tris, 25 mM EDTA, 0.5%SDS, pH8.0)0 

55�CǒȖwƼ�ʛä0�o 800 ulŮƩ2ʴ,ǂ�·Ȇĵ,13000ʕ/�

10�ʻ0ħ!。,75%2ʴǈǀƴƾ,úǅĚǗ 10�ʻ0200 ul 1TE 

ǈɪ,Ñ 55�CǒȖ+ǈɪ 6 ĄŰ0PCR ¥Ġê",§ 15 ul =ǜǯƲ

ƘƸ0 

PCR ¥ĠpȚ  PCR ¥ĠȎğ  
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10GT buffer 2 ul  93�C,90 ȉ;  

DMSO 2 ul 93�C,30 ȉ;  

10mM dNTP 2 ul 57�C,30 ȉ;  

10uM primer1/2 0.2 ul  65�C,2 �ʻ; 

Taq 0.3 ul  40 *ĴǢ;  

DNA 1 ul  65�C,10 �ʻ;  

ddH2O 12.3 ul 10�C\ǅ  

Ĩǜ�ɢ 
Ĩǜ¶ȋ Ĩǜğ�(5�-3�) 

F-spCFLuc-Hi

ndIII  

AGCTTATGAAGACCCTGATCCTGGCCGTGGCCCTGGTGT

ACTGCGCCACCGTGCACTGCCAGGACATGGAAGATGCCA

AAAACATTAAGAAGGGCC 

R-spCFLuc-A

paI 

CTTCTTAATGTTTTTGGCATCTTCCATGTCCTGGCAGTGC

ACGGTGGCGCAGTACACCAGGGCCACGGCCAGGATCAG

GGTCTTCATA 

SpeI-cHS4-F GGACTAGTCTCTAGAGCCCCATCCTC 

KpnI-cHS4-R GGGGTACCCTCTAGAGGGACAGCC 

RIP-F AGGACACAGCTATCAGTGG 

RIP-B ATTGAAGCCGGGCATTTC 

F-aMHC TGGCTTGTCCTGTTCCATCC 

R-Firefly TGCTTTGGAAGCCCTGGTAG 

F-aP2 GAGACTGTCTCAAAAACCAAAC 

R-Gaussia TCAGAACACTGCACGTTG 

F-BAC CGGCGGGTTTTTTTATGGG 

cHS4-R TCTTGCTAAATCCAGCCCGAC 
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ȥƑ 
1 ʕÛÌʗpǸƏĤ 

1.1 ƏĤ HS4-RIP-CLuc 

,6ĳ� RIP-CLuc4ă pSP72.RIPʈȗȤ HindIIIÃ KpnI¤ʳ�=ǪǸ 

RIPǚơ$ HindIIIÃ KpnI¤ʳ�ÞǧǸʗp pMCS-Cypridina Lucǫ T4ʡ

ŖʳʡŖ0ʡŖ=ǜʕ� DH5aĿ¨ķȡȿ4ƻĕ9» AmpǸ LBÎpÚv

Û037ĢÚvȖ_ȮÚv 12h·őmˊʠɞśɗŊÝ0GŇőmˊǸɗǀ,

ƚƍ4ǫĨǜ RIP-F�RIP-Bʠɞ PCRŊÝ0Ĩǜ RIP-FQ9 RIPǚơ!4

Ĩǜ RIP-BQ9ʗp!0Ɏǚơ$ʗpŃ�ʡŖ4PCR=ǜǚơ＝Ƃʿ 996bp0 

êÐ 1ŇȄ4PCR=ǜǯƲƊėʿĢÑ 1000bp）ʝ4Ȓ´＝Ƃ4ɵŲ 2-6

ƲʫĀĠǸmˊ,˃ĸ0G UbB-DsRed-emGFPʈȗ,ƚǛ4ǫ KODˢ\

ǿʳ PCR2Ĩǜ XhoI-cHS4-F�R3ŊÝ� HS4ȧȫïǚơ0ă HS4ȧȫï

ǚơ$ʗp RIP-CLucǸʡŖ=ǜʕ�DH5aĿ¨ķȡȿ4őʧ�ɗəŊÝ0

GŇőmˊǸɗǀ,ƚƍ4ǫĨǜF-Bac�cHS-Rʠɞ PCRŊÝ0Ĩǜ cHS-R

Q9 cHSǚơ!4Ĩǜ F-BacQ9ʗp!0Ɏǚơ$ʗpŃ�ʡŖ4PCR

=ǜǚơ＝Ƃʿ 708bp0 êÐ 4ŇȄ42�4�5�8�10Ʋʫ PCR=ǜǯƲ

ƊėʿĢÑ 500bp$ 1000bp0ˁ4&Ɗėʘ?4Ȓ´＝Ƃ0�ūĀĠǸm

ˊ,˃ĸ0 

 
Ð 3. RIP-CLuc˃ĸmˊȔʧ0Ʋʫ 14DNA marker4³Ɗė�ïʸêÐŇȄ�Ʋ
ʫ 2-64ŇőmˊɗǀǸ PCR=ǜ0 

GUbB-DsRed-emGFPʈȗ,ƚǛ4ǫKODˢ\ǿʳPCR2ĨǜXhoI-cHS4-F

�R3ŊÝ� HS4ȧȫïǚơ0ă HS4ȧȫïǚơ$ʗp RIP-CLucǸʡŖ
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=ǜʕ� DH5aĿ¨ķȡȿ4őʧ�ɗəŊÝ0GŇőmˊǸɗǀ,ƚƍ4

ǫĨǜ F-Bac�cHS-Rʠɞ PCRŊÝ0Ĩǜ cHS-RQ9 cHSǚơ!4Ĩǜ

F-BacQ9ʗp!0Ɏǚơ$ʗpŃ�ʡŖ4PCR=ǜǚơ＝Ƃʿ 708bp0 ê

Ð 4ŇȄ42�4�5�8�10Ʋʫ PCR=ǜǯƲƊėʿĢÑ 500bp$ 1000bp

0ˁ4&Ɗėʘ?4Ȓ´＝Ƃ0�ūĀĠǸmˊ,˃ĸ0"

 
Ð 4. HS4-RIP-CLuc˃ĸmˊȔʧ0Ʋʫ 14DNA marker4³Ɗė�ïʸêÐŇȄ�
Ʋʫ 2-104ŇőmˊɗǀǸ PCR=ǜ0 

1.2 ƏĤ aMHC-spC-Fluc 

spC]±Ȼǚơ$HindIIIÃApaI¤ʳ�ÞǧǸʗp pGL4.20�luc2-Puro�

ʡŖĳ� spC-FLuc4ʕ� DH5aĿ¨ķȡȿ4őʧ�ɗəŊÝ0ř§ʈȗ·4

spC-FLucǫ ApaL1ʳ�·�ǣ6 1.8kÃ 3.6k(Ɗė2Ð 534$＝ƂǽȒ0 

 
Ð 5. spC-FLucǸʳ�ʺø0Ʋʫ 14DNA marker4³Ɗė�ïʸêÐŇȄ�Ʋ
ʫ 2-5, spC-FLucɣ ApaL1ʳ�·Ǹ=ǜ0"

aMHC¼�ï$ʗp spC-FLucʡŖ=ǜʕ� DH5aĿ¨ķȡȿ4őʧ�

ɗəŊÝ0GŇőmˊǸɗǀ,ƚƍ4ǫĨǜ F-aMHC�R-Fireflyʠɞ PCR

ŊÝ0Ĩǜ F-aMHCQ9 aMHC¼�ïǚơ!4Ĩǜ R-FireflyQ9ʗp!0

Ɏǚơ$ʗpŃ�ʡŖ4PCR=ǜǚơ＝Ƃʿ 1069bp0 êÐ 6ŇȄ47Ʋ

ʫ PCR=ǜǯƲƊėʿĢÑ 1000bp）ʝ4&Ɗėʘ?4Ȓ´＝Ƃ0�ūĀ

ĠǸmˊ,˃ĸ0 
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Ð 6. aMHC-spC-FLuc˃ĸmˊȔʧȥƑ0Ʋʫ 14DNA marker4³Ɗė�ïʸ
êÐŇȄ�Ʋʫ 2-104ŇőmˊɗǀǸ PCR=ǜ0 

1.3 ƏĤ aP2-Gluc 

aP2 promoter$ pMCS-Gaussia LucʗpǸʡŖ=ǜ4ʕ� DH5aĿ¨ķ

ȡȿ4őʧ�ɗəŊÝ0GŇőmˊǸɗǀ,ƚƍ4ǫĨǜ F-aP2�R- Gaussia

ʠɞ PCRŊÝ0Ĩǜ F-aP2Q9 aP2¼�ïǚơ!4Ĩǜ R- GaussiaQ9

ʗp!0Ɏǚơ$ʗpŃ�ʡŖ4PCR=ǜǚơ＝Ƃʿ 1195bp0 êÐ 7Ň

Ȅ43Ʋʫ PCR=ǜǯƲƊėʿĢÑ 1000bp$ 1500bp4&Ɗėʘ?4Ȓ´

＝Ƃ0�ūĀĠǸmˊ,˃ĸ0 

 
Ð 7. aP2-GLuc˃ĸmˊȔʧȥƑ0Ʋʫ 14DNA marker4³Ɗė�ïʸêÐŇ
Ȅ�Ʋʫ 2-64ŇőmˊɗǀǸ PCR=ǜ0 

2 ʕÛÌʗpɢʚĸɂǸȡȿôƸɹ 

2.1 ʕÛÌʗpǸɒlțʳɢʚβɒlțʳǸ�ƮŤǠ 

,6ƸɹŇƏĤǸ *ʕÛÌʗp4ăʗp aMHC-spC-FLucʕƓæ˦ĵ

ȷȡȿƕ H9C2�ʗp aP2-GLucʕƓĄ˦Ƀȹ�pȡȿƕ 3T3-L1�ʗp

RIP-CLucʕƓĄ˦ɀč�ȡȿƕ�TC-6048h·4Šˎ!。2meida3Ãȡ

ȿɤɪǀ2lysate34$ĀĠɒlțʳǸġǜ¥Ġ4ɾ§¥ĠǸ¦lb0êÐ

8ŇȄ4 *ʕƓȠǸȡȿɤɪǀʲƀĲˢǸ¦lb4ɢŲ *ʕÛÌʗp

ʲŃ�ˠ�6³ɇɒlțʳǸɢʚ0ȳƤʘȡȿɤɪǀÃ!。Ǹ¦lb4
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G¦ǣė]±ȻǸ FireflyɒlțʳƃɂŃ��Ʈ�!。ī+�Gaussiaɒl

țʳǸ�ƮŤǠʘˢ4!。Ǹ¦lbŴȡȿɤɪǀ¦lbǸ 4^Ē¯�

CypridinaɒlțʳǸ�ƮŤǠˁ9�(Ȳ0ˁ4!。Ǹ¦lb$ȡȿɤɪǀ

¦lbǽī0 

 

Ð 8. ʕÛÌʗpɢʚɒlțʳǸ�ƮŤǠ   

2.2  ȇɒlțʳĀġǜǸǝĦĸ 

,6ƸɹɂºÑµ�¬Ą˦+ƘƸ ȇɒlțʳ4ă *ʕƓȠǸȡȿ

ɤɪǀ��$#µǸɒlțʳġǜ¥Ġ0êÐ 9ŇȄ4FireflyɒlțʳB$

ɇʔǸġǜD-luciferin¥Ġ�GaussiaɒlțʳB$ɇʔǸġǜCoelenterazine

¥Ġ�CypridinaɒlțʳB$ɇʔǸġǜ Vargulin¥Ġ0 ɺùˡɵŲ6 

ȇɒlțʳŮ<¢¥Ġ4ÌƞGă *ʕÛÌʠɞʕÛÌqƱ…0 

 
Ð 9. ɒlțʳĀġǜǸǝĦĸ  ***: p<0.001 
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3 ʕÛÌĄ˦Ǹɖĳ 

3.1 ʕÛÌƱ…ǚơǸɖĳ 

ăʗp aMHC-spC-FLucǫ SpeIÃ AvrIIʳ�4ËŠʿĢ, 7.6kǸǚơ�

ʗp aP2-GLucǫ XhoIÃ SphIʳ�4ËŠʿĢ, 6.5kǸǚơ�ʗp

cHS4-RIP-CLucǫ ClaI ʳ�4ËŠʿĢ, 4.2kǸǚơ0ǚơ��ǫ

NucleoBond BAC 100 DNAȞ�ɹ�ǺȞ�·, ĳ�ƹĢ��, 153ul/uL, 

145ul/uLÃ 131ul/uLǸ DNAǈǀ4ǯƲȥƑêÐ 10ŇȄ0ă ȇ DNAǚ

ơŐ 30:20:1ǸŝĆƤǈɪÑƱ…ȩyǀ+4ȍʵɉ 2ng/ul ·Ʊ…� FVB/Nj 

ÄȚǸ¨Ș�+0  

 
Ð 10. ʕÛÌƱ…ǚơËŠ  Ʋʫ 14DNA marker4³Ɗė�ïʸêÐŇȄ�Ʋ
ʫ 24aMHC-spC-FLucʗpʳ�ËŠǚơ(7.6k)�Ʋʫ 34cHS4-RIP-CLucʗpʳ
�ËŠǚơ(4.2k)�Ʋʫ 44aP2-GLucʗpʳ�ËŠǚơ(6.5k)0 

3.2 ˃ĸ˟Ĥ˦Ǹʺø 
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Ð 11. ʕÛÌ˃ĸ˟Ĥ˦Ǹʺø  ĒY�èŇŏƲʫÓ,˃ĸĀǕ4ƊėÑ 1000bp

）ʝ0 

ăɣƱ…·Ǹ¨Ș�Ȍƙ�dñƢ˦Ǹpw4Ǫ� 24¬ S9±˟Ĥ˦0

ʨʛ�ɄʑĀ 24¬Ą˦ʠɞȪ±4ĝGɄʑÛÌȠ DNA,ƚƍ4ǫ ĀĨ

ǜF-aMHC�R-Firefly�RIP-F�RIP-BÃF-aP2�R- Gaussia��ʠɞGT-PCR

ŊÝ0 PCR=ǜǸǯƲȥƑêÐ 11ŇȄ423±˟Ĥ˦ǸÛÌȠ+Śo6

aMHC-spC-FLucǚơ422±Ã 0±˟Ĥ˦ǸÛÌȠ+Śo6 cHS4-RIP-CLuc

ǚơ0Ìƞ4qɖĳ 3¬�˃ĸǸĄ˦4˃ĸǠ, 3/24100%�12.5%0 
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ɮɳ 
 

ʟ：ȁȏǸȈôľ/Ñ96213řXŬǸȔʧŭƯ2ɝǀƖÄŅƵpŃ×e

�ķɨƸ3GæɩƚȔʧ$ aP2ɜǶ4ɀčțGβMHCɢʚƩěĦęǽrǸÛ

Ì43ǫ9ŌÀ˒�ƮɜǶǸɢʚƩě�223ˁŖȔʧāɊɃȹȠȢ�ɀčȠ

Ȣ4ĵȷȠȢĉ’ĦęǸÛÌ; Ýʠ6ɪ ȇȠȢˁrȚ�233ȔʧįÅ�ƮŤ

ǠǸÛÌ; 243ǫ9šʠxǪɓǜȔʧ0�ǫɺȚȨ4Gʠɞ�**pȦɓ

�ɉȦɓ·ǸƵp�ķɨƸ4êƱ…[ʠ�ȡȿxǪǸ betatrophin[5]Ã[ʠĵ

ȷxǪǸĄ�ïɓǜ[6]0ÌƞɺȚȨÑšʠɓǜȔʧŭ˓uƀ�øǸĠǫ�Ÿ0 

ȁȏ+òÑǸˀ˜Ŵ6213 Ȧ Fireflyɒlțʳ、�]±Ȼ·4ƃɂV0Ń

��Ʈ�ȡȿâ4�ÌɂŴ FireflyɒlțʳėƀǱÑȡȿwǸ]±Ȼ�#ʛ

ʨʛƵpŃ×CɨþtÑĵȷȡȿ+g�ġǜ=ǪǸɇ¦l�223 ʕÛÌq

Ʊ…ŰÌ,ȱɛ��*Ą˦+ɃȹȠȢǸpȊǽĀĵȷÃɀčȠȢæĲã4Ìƞ

ƗœpȊƤ$ɒlțʳǸ�ƮĪĢ4ă *ʗpǸƱ…ŝĆƤʀ, 30620610

ʬłǸŴŝĆʸžąǸ aP2-GLucʗpƃɂŃ�ŚoĄ˦ÛÌȠ0233ĳ�˃ĸ

˟Ĥ˦·4℃ƃɂöŃƵpŃ×ŭ˓Ǹùˡ0Ì,ƄùˡúǸƵpŃ×eŒÔ4

ːɦ�ƒƐöŃɺùˡ4ȳ�ůĄ˦ʜ�ƫǆ�ǜņ4ăŮƯxʥËʠɞNF0

ÌƞːɦăNFĳ��øŧʸǸ˃ĸ·F·4ňɂʠɞɺùˡ0ǻ� 23±˃ĸ

˟Ĥ˦ĔNFĳ��¬˃ĸ·F�22±Ã 0±˃ĸ˟Ĥ˦źƃĳ�˃ĸ·F4

#ŕˇ˟Ĥ˦,Đ´pǸļ{0 

žʝŌāǸũǟ+4ƀȁȏȲăƄùˡŇVǫǸ ȇɒlțʳ��ɢʚ9 

Lȼǵȡȿ+4ǔ·ăʟ Lȼǵȡȿ��Ȍƙ�Ą˦ʔpǸ#µʰQ4ĀĄ˦

ʠɞƵpɨƸ�7�0ɵùʟ ȇɒlțʳGÑƵpĄ˦+µŰVǫĝ&Āİƞġ

ǜŮ<¢¥Ġ0ʟa«�ŭ˓şŎ6ƄȁȏɴɬǸ´ǧĸ0ǽ]ƄȁȏŇƏĤǸ

�ƮĸɒlțʳŌÀȚȨăƀĲéǸĠǫ�Ÿ0 
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