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sequence) z3~ ~ < N  (diverge) L, ~ { t  bTk % �9 ~ '& ;5 t ~ zZN ~ s s o ~c. -- ;~,  IFN-~, ~(N 

N~s- 2 r < ]FN-c~, # N ~ 5 2 q ~ � 9  IFN ~ q ~ { r _  =- : --  ~ ~ : N ~ ; N : F  (conserve) 

N* �9 IFN-# ~{s in vitro mTFNL, ~%h ~�9 t ~ ~'~2 o< IFN 
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Ple io t roph ic  C y t o p l a s m i c  C o n t r o l  of  G e n e  Express ion  in  M a m m a l i a n  

R e c o n s t i t u t e d  Cells (Nuc lea r  T r a n s p l a n t e d  Cells) 

Toy�9169 SEKIGUCHI 

National Cancer Center Research Institute, Tsukiji, Chuo-ku, Tokyo 104, Japan 

Summary Chloramphenicol-resistant (CAP r) reconstituted cells and cybrids were 

isolated by fusion of karyoplasts (or intact cells) of mouse amelanotic melanoma B~ cells 

with cytoplasts of HGPRT-deficient, CAP r rat myoblastic cells, L,TG.CApr. Recon- 

stituted cells or cybrids exhibited unique cellular arrangement, and about one third of the 

isolated clones expressed high tyrosinase activity and marked melanin synthesis, although 

the parental mouse cells expressed low tyrosinase activity and the parental rat cells did not 

express tyrosinase activity. These phenotypic changes have been stable for more than a 

year. The phenotypic reversion of these clonal cells were induced by treatment with a 

tumor promoter. There were changes in the morphology of the treated cells to that of 

the mouse Bt~ cells and extinction of tyrosinase activity and melanin synthesis in pig- 

mented cIonal cells. These phenotypic changes and reversions induced by a tumor pro- 

moter were repeatedly reversible. Extramitochondrial small circular DNAs were analysed 

by Yamagishi method to elucidate possible molecular mechanism of cytoplasmic factors 

of gene regulation. 

�9 ~{~ 6k'cXSt, ;5. ~ - ? 2 . ~  tissue-specific function 7 ) ~  LX2/,, 70 75~, t. ~"c~?.~1~�9 t/-<~>'E'~ 

tissue-specific gene(s) D ~  bX~,, 70 t_ & -~'~ 70. --J~, Gurdon 6 � 9 1 6 9 1 6 9  Z -) x:, 
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~i~%~@!~lttff~V~q�9 ~: < ~I] �9 ~/~I~I,~-~% @ ?c. 1967 ~ ,  Carter/) ~ 4  

1972 @, Prescott G ~) ~ -~4  b :# Y -Y Y ~ N � 9  ~ ? 2 ~ s S N ~  CB ~ N ~ 7 5  

1 ,  karyop!asts) t i , 5  ~- 2 t i~ -1 ,  I k - t N t l � 9  b ~ t l I  ( l l I } ,  cytoplasts) t 1 7 5  ~_ 

{~ 70 WN~', ~ N ~ N  k ~z~f~, ~ ~ g ? c ~ f l ~ % N - ~ N ~  reconstituted cells k ~ f N .  75. ~_ 

~ N ~ ' ,  N N N ~ N ~ N N  k ~a~fh, {9 ~ h f - z } N ~ : N ~ N @ N  cytoplasmic hybrids (~  4 7" F .7 b ~ 

~%~_~ HVJ (Sendal virus) 7G)~<, 6 h  G. L" ?~:~,IL,@{~:{~,~- 2 o "C~}~<~.f2. 75 fo<, 10, 000-- 

1 ~  ~ / "  

" +)-d Y '1) b "'' (cytoplasmic hybrids) 
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1.0/~ m ~ ' -X'  

I 
(CAP r ~ ~ ~ ,5 HAT.f~+I!~) 

CAP -~'~EN HA T U'~t~i,~ 

N 2 ~.~}-~SJIl~ s ~ , N ~ O  # ~ -- > ' ; @ ~  (Shay, 1977 ~) 

15,000 iNN, 15-30 @N,f~"e~)5.  ~ ' - g ~ - / T b v q ~ ' ,  intact ~, t~?kE~ ', l ~  

O ~ o n 2 " ~ ; 5  HGPRT (hypoxanthine-guanine phosphoribosyl-transferase) N , [ ~ { ~ , ~ h ~ N  

(thymidine-kinase deficient) ~;r:f]~,, ~ ,  ~ N ~ N ~ _  57_ k L ~  ~ 1, = " / F  ~) 7 D N A  ~ z ~ O ~  

L, HGPRT N , i ~ e z N L ~ o  CAP N ' N o ~ I ] ] N N 7 5 ~ F g k ~ N ~ c l ~ N ~ N ,  &Tab, l , I~4  ~"~) ,s 1̀~ 
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~@]~t~,~, ,. Gopalakrishnan B ~) ~s -~ e2 7 , ~ J ] ~ O  DMSO ~_ Z ,5 ~-.e Y ~ K y t ' ~ � 9  

9~J8:~;5 L 2 %~.z~ bfc. 2~c, @?~s162 b ~ ; . ~ , ~ ' ~  (tumorigenicity) ~-v- -y~- -s  bt, z 

~ s 1 6 9  % �9 ~ . ~ ? c ? 2 ~ } ~ � 9  -5. Lipsich 6 '0) l't, ~ @ ~ - i ~ ' ~  ;5 tyrosine amino- 

N=~X?;~ 7~ ~_ ~ r ~ 7~,t, Gopalakrishnan ~n)  ~t, phenylalanin hydroxylase ~ , I ~ , ~ ' - 7 ~  

Lipsich 6 e  TAT � 9  o?,.:. 

P~I~ImNY~J~,%N'N polarity e g ~ .  a �9169 % 2. 6kc?;S,,!~?c?2@~'~:& 

Vol. 28, No.  2, 1983 



86 

Tyrosinase activity 
Cell line nmol/mg prot./hr, S.E.M. 

B~ (nuclear donor) 7, 2*+0.5 

LsTG.CAP r (cytoplast D) 0, 6 • 0.2 

RC. 6-7-8-5 1.9 •  

RC. 14-4-1 1.4 +_+0.3 

RC. 14-4-4 75.5 ___6.1 

RC. 14-4-6 143.2 • I. 8 

* Mean of  4 determinations. ~ g ~  : ~ J I l ~ r - 2  ,5 ( ; K I l l ~ g ~ ) .  

1/3 y ~ - -  y;5~-~N?~:~ 9 = Y ~ c X ~ L ? c .  ~ Y  9 = Y ~ � 9  key enzyme ~-;~ 7 ~  ~ 

~ b f c .  

~?c~  �9 9 / >'--,z, (stage I, II) �9189169 --J~, ~ F g - - - ~ " d ' ~ ` 5  9 ,~ b 

. . . .  " s kS: 

, q ~  t 

;5 b_ 2 ~ a S ~ d l N ~  2 s ofc,  
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~3 
� 9  ( i ~ _ ~ ! ~ ,  x 150) 

a. ~,~, F i ~  I_6TG.CAP:, ~ .  
b. ~ � 9  ( ~ r  

c.  -~ ~ 7, B~6 ~t~)~f~. 
d. ~ 3 ~ � 9  ~ ,  ~ S A r  

~ ~  e = - ~/. 

~ j~  L.~ tumor promoter ~I~-~ 'c ;6  TPA (12-O-tetradecanoyl-phorbol-13-acetate), ~7~cl,#.y-,J 

~ ' : /Pz /~ '~ )SS~#N~d~#,~ i~r -gfa .  #F~[:~. TPA (~Lz~Z-T-t/2--:/-~:/) 50~100ng/ml ~'~o7~c. 

a �9 tumor promoter ~ N ~ _  Z ~ -~ ~ljl~?2'~'gz3~gz5 6 A ? c .  ~ - ~  18 I~[%~]~T_~, #&N b?c~,, 

Vol. 28, No. 2, 1983 



88 

~ 4  
~ )  
a. -~ r  BI6.  • 
b. wCP;  B16 7~ ~ 7 /  Y - - ~  (stageI, II) bZY3;ShZh~.?g .~ ' ,  x35,000 
c. ~.y ~- L6TG-CAP r. x7,800 
d. 7,9 b L6TG'CAP r. x35,000. ~ )  Y~S'j~+r~)~s ~, - < ~ /  7 - - : ~ ' L ~ < ? ~ , .  
e, ~ ~ = - y ~ T ~ . ~  C1 14-4-4, # , ~ � 9  ~ = - s / ~ 2 5 ~ 5 ; 5 .  x7,800 
f. ~ z ~ � 9  ~ J y - - ~ h ~ - 3 " ; 5  (stage II!, IV). x35, 000 
g, ~ ~ -=- y~J~8 .T~k~,~d  C1 14-4-6. ~ � 9  ~ b?c_ ~ ~ -- : /75~ ;5. x 7, 800 
h. ~ & .  ~ � 9  ~ e >'---~zY~;~3'-;5. x35,000 
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Control  TPA treat., 50 ng/ml ,  1 day 

[]  5 T u m o r  promoter ,  T P A  ~ 4 2 / o } g k ~ l ~ J ~ � 9  

n m o l / m g  prot. /hr  S.E.M. 

B16 - -  7 . 2  _ + 0 . 5  

-? 0 .2  0 . 2  

L 6 T G - C A P  r - 0 .6  _+0. 2 

~- 0.3 0 . 6  

RC* 14-4-I  - 1.4 --+0.3 

+ 2 .6  0 .6  

RC* 14-4-4 -- 75.5 + 6 . 1  

-- 1.1 0 .3  

RC* 14-4-6 -- 143.2 • 1.8 

~- 0 .8  0 .3  

* Values are means=of determinat ions ,  NI]~ : Z J l l ~ c -  & :5 ( ~ } l l ~ , l ] ; ~ ) .  R C  ~ % N N I Z ~ � 9  
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N 6  

Control TPA 50 ng/ml 10 days 

? ~ � 9  (~,N xs, OOO) 

~a, -,, ~7-.~xNf~-o'~N/,4 2 ~ ~o"d'/~:<, ~oNfXY-@No~g~mg k.,d{ D N @ N o N N ~ &  

;5 C 2, ~ t ' Z C  O~t~N[N~'tc-Z ,54{~-~@~O~fffi, ~ 1 ~  tumor promoter ~t,,:~;6~@Jzbt 

~ 6 ~ k ,  " r  ~, ~ 3 tc_,~-Y~r-a ~.'~, 7_ c_"~tt.~ot~d-, ~,l~g~"d'a~,'5~ ~ 
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1. CAP resistance 

2. Morphological changes 

a. Unique cellular arrangement 

(End-to-end joint) 

b. Ultrastructural change on cell surface 

(Microvillous structure) 

3. Induction of supermelanin synthesis and tyrosinase activity 

4. Epigenetic modulation of mouse HGPRT isozyme pattern 

5. Epigenetic modulation of expression of histone H1 genes 

6. Suppression of tumorigenicity 

(~ 'N~)  ? a ~ C N ~ � 9  t k (pleiotrophic effect), ~2L~@�9 ~ 1 ~ � 9 1 6 9  N~,'~- 2 

~g5 7O. 

N[,N- b'<~,, .:5 ~- 2, ~ 2 r y ~ , � 9  ,:" 2 <, ~ � 9 1 6 9 1 6 9  ~2c..5 t 2, 75~, ~_ �9 

) ~ : ~ : ~ � 9  gene mutation ~r_ Z ;5 % O ~'~t?2~,, C > ~'~b 70. ~,~)~.~1~-;~'3" $ DNA ~ -  

~.J~ljb~2 s b = : / F  P 7 DNA (mtDNA) 2, extra-mitochondrial cytoplasmic DNA ~ ] ~  

~Z~, Craig ~ )  ~-2 ~ CAP N{9~t rntDNA 03 16s ribosomal gene (1,226 base pair) Oft  

N~,~INm recombinant mtDNA @:~O;~?~:i~7otkgg~,,7~db%'~). bfc/~o'C., %b9.~, 1- 03 

CAP I N N ! V - ~ 7 O  ~ ,~, b mtDNA 03 C <--~h~-~ 9 z  mtDNA ~ recombinant mtDNA ~2fg 

~ f ,  $ ~ i ~ N ~ - ~ - ~ ~ a ~ ; ,  CAP N ~ ' 2 Y ~ L  5 7 O ~ ' I ~  ~. b ~  b, N *  o N  

~3~2 9, extra mtDNA k L ' ~ $ N N ~ c -  mtDNA O ~  1/10 Or X O d , N ~  DNA h; 

extra mtDNA k ~ 6~vc 7o DNA ~ , ~ -  -~ -1" 9 4(~=-~'~:~ b, ~Z]~\~ 9 C 2 ~- s o ~2, !0 ~ 

t / ~ v 0 3 ~ N o d , N ~ :  DNA o~/~NmN:~btc~0< N~4•  2 ;5 k,  NNf)i,~,lltg~m~. 0.5 

o N N ~ N N ~ Z ~ #  ~--v~,N)]~eg#Nbfck ~_.5, ~ , ' T h o N N ~ m %  1.0ffm ~_ITod 'N~  DNA 

75<~#7O~:, ~--2<-P.:, I-~J~'~?. 0.3--0.5#m (I,200B.P.) ~-C--#~-k#2~$f~--?2 DNA 
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DNA �9 h~, N ~ M ~  DNA ~ integrate ~,5~,:~h~, ~?~9~b transposone ~ L~�9 

N-F, tumor promoter ~ & N ~ ~ z N ~ 2 ' � 9  DNA m ~ ) l , , " ~ # ~  -& 9, t g 6 � 9  
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