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Genomic clones containing  the  rat  pyruvate  kinase 
M  gene,  which  encodes the MI- and Mg-type isozymes, 
were  isolated  and  their  exon  sequences  were  deter- 
mined. This  gene  contains  12  exons  and 11 introns  and 
is 20 kilobases  (kb) long. The  sequences  specific  to the 
MI- and Mz-types  exist  in  exons 9 and 10, respectively 
(Noguchi,  T.,  Inoue, H., and  Tanaka, T. (1986) J. Biol. 
Chem. 261,13807-13812).  The  seventh  intron  begins 
with  the GC dinucleotide  instead of the consensus  GT 
dinucleotide, but  other  exon-intron  boundaries are 
consistent  with  the “GT-AG” rule. S1  mapping  analysis 
showed that MI- and Mz-type mRNAs had  multiple, but 
the  same  transcription  initiation  sites.  Thus,  the MI- 
and Mz-type  isozyme mRNAs are concluded to  be  pro- 
duced from  the  same M gene  transcript by alternative 
RNA splicing. RNA blot  hybridization  analysis  indi- 
cated that developmental  changes of the isozymes in 
brain  and  skeletal muscle were  regulated  at  the  level 
of RNA splicing. 

The  5”flanking  region of the gene  has no “TATA 
box” or “CAAT box,” but  contains  potential Spl  bind- 
ing  sites.  Bacterial  chloramphenicol  acetyltransferase 
assay  revealed  that a fragment of about 0.5 kb of the 
5”flanking  region of the  gene  was  sufficient  for  pro- 
moter  activity  in  the  rat  hepatoma cell  line,  dRLh-84. 
This  activity  was  not  present  in  adult rat hepatocytes, 
indicating  that  the  0.5-kb  fragment  has tissue-specific 
promoter  activity. 

A processed-type  pseudogene that resembles the Mz- 
type  pyruvate  kinase cDNA was  also  characterized. 

Pyruvate  kinase  (ATP:pyruvate  0’-phosphotransferase,  EC 
2.7.1.40), a key enzyme in  the glycolytic pathway,  has four 
isozymes in  mammals:  the MI-, M2-, L-,  and  R-types (1-3). 
The  expressions of these isozymes are tissue-specific and  are 
regulated developmentally. The  R-type isozyme is expressed 
only in  erythroid cells (1-4). The Mn-type, considered as  the 
prototype isozyme, is  the only form  detected  in  early  fetal 
tissues  and  is  present  in  most  adult  tissues (2). The  L-type  is 
the major isozyme in  adult liver and a minor form in kidney 

* This  investigation was supported by grants from the  Ministry of 
Education, Science and  Culture of Japan.  The  costs of publication of 
this  article were defrayed in  part by the  payment of page  charges. 
This  article  must  therefore be hereby marked “advertisement” in 
accordance  with 18 U.S.C. Section 1734 solely to  indicate  this  fact. 

The nucleotide  sequence(s)  reported in  this  paper  has  been  submitted 
to  the  GenBankTM/EMBL  Data  Bank  with accession  number(s)  504458 
and  504459. 

$ Present  address:  Dept. of Biochemistry, National Cardiovascular 
Center  Research  Institute,  Suita,  Osaka 565, Japan. 

CCCGGGCGAGCGCCGGGAGGGTGGAGAGTCACC~~-~~~~GGCTGGAGG~ 

- 4 1 0  TGTCCGGGACCTATAAATCTGGGCAACGCCCTGGTAGGCCAGGGCAGATG 

GGGCACCTGGGCAGAATTCCAAAATGGGATTATGTAGCCTCTGAGGTCCT 

-310 AAAGCAACAGGTGGCGGACCACCCGGGGATCTAGGGGTGGTGGCGGCGGT 

GGACCCGAG.G_G.CGE..GTCCTGCCTCCTCACCACTTCCCCATTGGCCATCAG 

- 2 1 0  AATGACCCATGCGCAATTTTGGTTTGCAATGTCCTTCCGCCACGGAAGGT 

AGTCCCCCTCAAAAGGGCAACCTGCTT~-+CCTGCGACTCTC 

-110 TCAGAAGGTGCGGGTGCCTGTTG$-FCTGCTAGCTCCTGCC 

CGGATTGGGCG$-+GCGGAGGGATTGCGGCGGCCCGCAGCA 

-10 GTGATAACCTTGAGGCCCAGTCT~CGC~~~CCCGCACAGCAGCGACCCGT +40 
f 

CCTAAGTCGACAGACGTCCTCTTTAGGTATTGCAACAGGATCTGAAGTAC 

GCCCGAGGTGAGCGGGGAGAACCTTTGCCATTCTGTGGCCCAGAGCCAAT + 1 4 0  

GCCATAGTG 
-= 

FIG. 4. Nucleotide sequence of upstream region of the rat 
pyruvate kinase M gene. The sequence is that of the  first  noncod- 
ing  exon and  5”flanking region. The  first  exon is underlined and  the 
G T  dinucleotide at  the  exon-intron  boundary  is shown  by  a double 
line. The multiple  transcription  sites shown by S1 nuclease analysis 
are  indicated by closed circles. The arrow indicates nucleotide 1. The 
six-base S p l  binding GC boxes are shown  by dotted  lines, and  deca- 
nucleotide consensus sequences of the  Spl  binding  site  are shown  by 
open boxes. 

and  intestine (2). The M1-type is the major  form in  adult 
skeletal muscle, heart,  and  brain.  The M1- and  L-types replace 
the  M2-type progressively in  these  tissues  during develop- 
ment. 

To  investigate  the molecular mechanisms of tissue-specific 
expression  and  developmental regulation of pyruvate  kinase 
isozyme genes, we isolated genomic clones  encoding the four 
isozymes. We  found  that two  genes were responsible  for 
production of the  L-  and  R-types,  and  the  MI-  and  Mp-types, 
respectively (5, 6). Alternative use of different  promoters of 
the L gene generates  the  L-  and  R-type isozymes ( 5 ) .  On  the 
other  hand,  results suggested that  alternative  RNA splicing 
of the  same  primary  transcript from the M gene produced the 
M1- and Ma-types (6). This idea was based on  partial sequence 
analysis of a genomic  clone  including the M1- and Mp-specific 
sequences, but a final conclusion  could not be made until  the 
organization of the M gene had been determined. 

In  the  present work, we isolated several  overlapping ge- 
nomic  clones that  extend over a length of more than 20 kb’ 
and encode the  entire  mRNA  as well as  5”flanking sequences, 
and  thus  determined  the  structure of the whole PKM gene. 
We also showed that  the  5”flanking region of the  PKM gene 

’ The abbreviations used are:  kb, kilobases; PKM, pyruvate  kinase 
M; CAT,  chloramphenicol  acetyltransferase; bp,  base pairs. 
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Rat Pyruvate  Kinase M Gene 

TGCGCAGCCCCGCACAGCAGCGACCCGTCCT~GTCGACAGACGTCCTCTTTAGGTATTGCAACAGGATCTGAAGTACGCCCGAGGATCTCAGAAAC 
AAAGGCTATTGAGGG ..................................................................................... 

CCAAGCCAGACAGCGAAGCAGGGACTGCCTTCATTCAGACCCAGCAGCTCCATGCAGCCATGGCTGACACCTTCCTGGAACACATGTGCCGCCTG 
................. CG ............................................................................ 

GACATTGACTCCGCACCCATCACGGCCCGCAACACTGGGATCATCTGTACCATTGGCCCTGCTTCCCGATCTGTGGAGATGCTGMGGAGATGATTAAGT 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CTGGGATGAATGTGGCTCGGCTGAATTTCTCTCATGGAACCCATGAGTACCATGCAGAGACTATCAAGAATGTCCGTGCAGCCACAGAAAGCTTTGCATC 
.................................................................................................... 
TGATCCCATTCTCTACCGACCTGTTGCGGTGGCTCTGGATAC~GGGACCTGAGATCCGGACTGGACTCATCAAGGGCAGCGGCACCGCAGAGGTGGAG 
..................... C .................. G........................................................... 
CTGAAGAAGGGAGCCACACTGAAGATCACCCTGGACAACGCCTACATGGAGAAGTGCGATGAGAACATCCTGTGGCTGGACTATAAGAACATCTGCAAGG 
........................................................... c ........................................ 
TGGTGGAGGTGGGCAGCAAGATCTACGTGGACGATGGGCTCATCTCCCTGCAGGTGAAGGAGAAAGGTGCTGACTACCTGGTGACAGAACCTGGTGGAAAATGG .................................................................................................... 
TGGCTCCTTGGGCAGCAAGAAGGGCGTGAACCTGCCTGCCTGGTGCTGCTGTGGACCTCCCTGCTGTGTCAG~GGACATCCAGGACCTGAAGTTTGGGGTG 
.................................................................................................... 
GAGCAGGACGTGGACATGGTGTTTGCGTCTTTCATCCGCAAGGCGGCTGACGTGCATGAGGTTAGGAAGGTCCTGGGAGAGAAGGGCAAGAACATCAAGA .................................................................................................... 
TCATCAGCAAAATCGAGAACCATGAAGGTGTCCGCAGGTTTGATGAGATT~TGGAGGCCAGCGATGGAATCATGGTAGCTCGTGGTGACCTGGGCATTG~ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
GATTCCGGCAGAGAAGGTCTTCCTAGCTCAGAAGATGATGATTGGACGATGCAACCGAGCTGGGAAGCCGGTCATCTGTGCCACCCAGATGCTGGAGAGC .................................................................................................... 
ATGATCAAGAAGCCACGCCCCACCCGTGCTGAAGGCAGTGACGTGGCCAATGCAGTCCTAGATG~AGCTGACTGCATCATGCTGTCCGGAG~~AACAGCCA .................................................................................................... 
AAGGGGACTACCCTCTGGAGGCTGTTCGCATGCAGCACCTGATTGCCCGAGAGGCAGAGGCTGCCATCTACCACTTGCAGTTATTCGAGGACTCCGCCG .................................................................................................... 
CCTGGCGCCCATTACCAGCGACCCCACAGAACGTGCCGCCGTGGGTGCCGTGGAGGCCTCCTTCAAGT~CTGCAGTGGGGCCATTATCGTGCTCACCAAG .................................................................................................... 
TCTGGCAGGAGTGCTCACCAAGTGGCCCGGTACCGCCCAAGGGCTCCTATCATTGCTGTGACACGCAATCCCCAGACAGCCCGCCAGGCCCATCTGTACC .................................................................................................... 
GTGGCATCTTCCCTGTGCTGTGTAAGGATGCCGTACTGGATGCCTGGGCTGAGGACGTTGATCTTCGTGTGAACTTGGCCATGAATGTTGGCAAGGCCCG 
.................................................................................................... 
AGGCTTCTTCAAGAAGGGAGATGTGGTCATTGTGCTGACTGGATGGCGCCCTGGCTCTGGCTTCACCAACACCATGCGTGTAGTGCCTGTA-CC~G ....................................... C ................................................... GT . .  C.... 
ATCCTCTGGAGCTTCTCTTCTAGCCCCTGTCCCTTCCCCTCCCCTATCCTATCCATTAGGCCAGCAACG-TTGTAGTGCTCACTCTGGGCCArAGTGTGG ..................................................................... c .............................. 
CGCTGGTGGGCTGGGACACCAGGAAAAATTAATGCCTCTGCCTCTG~CATGCAATAGAGCCCAGCTATTTTTCATGGCCCTACTTGAGCCAGGGGTGAAGGAGG ................................................................................................... 
AATGCAGGATTGGAAACCCTCTGACTTTATCACAGAAGGGCAGCATTATCTCTGTGTTCTTTGCTCCTGTAGAAAGTTTTTCCAGAGMTTCCCAGCCCTG .................................................................................................... 
GCCTGGRATCAGGAGACAGCAAGRCAGAGGCTGGGGGCCCAGGGTTCCCATGTAGATGACTTTTGGCCCTGTCCCTGACTTGCTTTCCCAACAGCTTTG 
............................................. c ...................................................... 
GCCTCTCT---CCTCGTGCACTCCACTGCTGTCCCTGCAGATGTTCCACTCTCCACCTCGTACTCTGCAGCGTCTCCAGGCCTGTTGCTATAGTGCCCAC ........ CCT ......................................................................................... 
CTGAATGTCAATAAACAGCAGCGGAAG” [ P o l y  A ) ..................................... AAAGGCTATTGAGGG 

FIG. 6 .  Nucleotide  sequences of the intronless gene. The ATG  codon and stop codon are shown by open 
boxes. The 15-bp direct repeats that bound the intronless gene are underlined. This intronless gene can code for a 
protein-like M,-type pyruvate kinase. Its deduced amino acid sequence is 45 amino acids longer than  that of the 
M2-type pyruvate kinase because of the insertion of a single nucleotide at position 1692. M,PK, M,-type pyruvate 
kinase cDNA; PM2PK, intronless gene. 

has  promoter  activity when  fused to  the chloramphenicol 
acetyltransferase gene and  transfected  into a rat  hepatoma 
cell line. In  addition, we characterized  the genomic intronless 
gene, and  analyzed  the  MI-  and  Mp-type isozyme mRNAs  in 
skeletal muscle and  brain  during development. 

EXPERIMENTAL PROCEDURES AND RESULTS’ 

’ Portions of this paper (including “Experimental Procedures,” 
“Results,” Table 1, and Figs. 1-3,5, and 7) are  presented in miniprint 
at  the end of this paper. Miniprint is easily read with the aid of a 
standard magnifying glass. Full size photocopies are included in the 
microfilm edition of the Journal that is available from Waverly Press. 

DISCUSSION 

In  this  study, we determined  the  structure of the rat M- 
type  pyruvate  kinase gene  including that of the  5“flanking 
region. The PKM gene consists of 12 exons  and 11 introns 
and is about 20 kb long. The MI- and M2-specific  sequences 
are  present  in  exons 9 (MI) and 10 (MJ respectively, as 
reported  earlier (6). The first intron was rather long: 8.7 kb. 
The sequences of all  exon-intron  boundaries  except  one  are 
in accord with  the  consensus sequences for exon-intron 
boundaries (21, 22) .  The 5’-end of the  seventh  intron differs 
from  the  consensus GT dinucleotide: it begins with a GC 
dinucleotide. This  change was confirmed by  sequencing  two 
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independent clones, XMPK34 and XMPK37. Change  from  the 
consensus GT dinucleotide to  GC  has  also  been  found  in  the 
murine  aA-crystallin gene (28),  the mouse adenine  phospho- 
ribosyltransferase gene (29),  and  the duck  (30) and  chicken 
(31) aD-globin genes. Wieringa et al. (32) showed that  the 
mutation  converting GT  to  AT at the  5'-end of an  intron of 
the  rabbit P-globin gene led to  the use of three normally 
unused splice sites.  Two of the  unused splice sites began with 
a GT sequence and  one of them began with a GC sequence. 
These  data suggest that  the GC dinucleotide can be used as a 
splice site  in  some  cases  instead of the  consensus GT dinucle- 
otide. 

The  5'-flanking region of the  PKM gene  resembles that of 
other so-called  housekeeping genes. I t  does not have a typical 
TATA box or CAAT box, but  has a high G/C  content  and 
three  repeats of a hexanucleotide Sp l  binding GC box 
(GGGCGG).  These  features reflect the  presence of multiple 
cap  sites  in  this gene (24).  Recently, a  decanucleotide consen- 

sus  sequence for the Spl binding  site (5'GGGGCGTAAT)  GGGC 

has been reported (25, 26). These  sites were also  identified in 
the  5'-flanking region of the  PKM gene (Fig.  4). As the  Spl  
transcription  factor  has been  shown to stimulate  transcription 
10- to 50-fold (25, 26,33), we assumed  that  Spl may be  used 
in transcription of the  PKM gene. CAT  assay revealed that a 
0.5-kb  fragment, which contained  the  three hexanucleotide 
GC boxes and  the  three decanucleotide consensus Sp l  binding 
sequences, was sufficient for promoter  activity in transfected 
dRLh-84 cells. However, no  promoter  activity was observed 
when the  fragment was transfected  into  adult  rat hepatocytes. 
These  results  indicate  that  the 0.5-kb fragment of the  5'- 
flanking region has a  tissue-specific regulatory  element. 

S1 protection  assay  indicated  that  MI-  and  M2-type  mRNAs 
have  the  same  transcription  initiation sites. As discussed 
previously (6), gene rearrangement  is unlikely to  be involved 
in  expression of the two isozymes. Thus,  these  data  demon- 
strate  that  the  mRNAs of MI-  and M2-type isozymes have  the 
same  primary  transcripts, which indicates  that  the two types 
are  produced by alternative  RNA splicing of the  same  primary 
transcript  (6).  Northern  blot  analysis showed that develop- 
mental  changes of pyruvate  kinase isozymes (MI + M2)  in 
skeletal muscle and  brain were due  to  alterations  in  the 
mRNA levels. Therefore,  alternative  RNA splicing of the 
PKM gene transcript is a  very important regulatory step  for 
developmental  changes of the isozymes. However, its  mecha- 
nism  remains  to  be  determined. 

We  also  characterized a genomic clone that  has  no  introns 
(Fig.  6). This gene contained  the  remnants of a poly(A)+  tail 
in  the  3'-untranslated region and was bounded by direct 
repeats of 15 bp. I t  may  have  been  derived  from  a  spliced 
mRNA. The 15-bp  direct  repeats, which flank  the  intronless 
gene, may have been used  when reinsertion  into  the genome 
occurred (34).  The sequence  between the  direct  repeats 
showed 99% homology with that of the  M2-type mRNA. This 

TA 

suggested that  the  reinsertion  happened very recently.  An 
open  reading  frame of the  intronless gene is capable of coding 
for a protein-like  M2-type  pyruvate  kinase,  but 45 amino  acids 
longer than  the  latter. However, no  such  protein  has been 
reported.  The  transcript of this gene was also  not  detected  as 
S1 nuclease  digestion did  not  protect a 59-bp  fragment ex- 
pected from homology between this gene and  the probe  used 
(Fig. 3).  Furthermore,  the  5'-flanking region of the  intronless 
gene did  not show any  promoter  activity  in  transfected  dRLh- 
84 cells or hepatocytes.  These  results  indicate  that  this  in- 
tronless gene is  not expressed and  is a  processed-type  pseu- 
dogene. 

Acknowledgment-We wish to thank Dr. Hiromu  Nakajima for 
helpful discussions. 
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Table 1 

Sequences of the Exon-Intron Boundarles 

Sequence of Exon-Intron JunctlonI 

Number Exon 5 '  
Intron 

Intron 3' Exon 

1 TACGCCCGAG 
2 TGTACCATTG 
3 PACCCATGAG 
4 CATCAAGGGC 
5 PAGGAGRRAG 
6 GTGTCCCCAG 
? CGCCACCCAG 
8 GChGCACCTG 

1G AGTCTGGCAC 
9 AGTCTGGCAG 

1 1  RTGAATGTTG 

__........... 
_............ 
. . . . . . . . . . . . .  
. . . . . . . . . . . . .  
. . . . . . . . . . . . .  
. . . . . . . . . . . . .  
............. 
___... . . . . . . .  __........... 
. . . . . . . . . . . . .  
............. 

atcrccqqqatccaq 
aaryrrtcttqqtaq 
caryqaacccatqaq 
CCqZCtttaatCtag 
atccctttcacacag 
ctttcttrrratcag 
tttqtcccctcctay 
cccraaaccttacay 
arqrtqctcccctaq 
rrCCCaccttCtCay 
tccttctcccctcaq 

GATCTCAGRR 
GCCCTGCTTC 
TACCATGCAG 
AGCGGCACCG 
GTGCTGACTA 
GTTTGRTGAG 
ATGCTGGAGA 
ATAGCTCGAG 
ATTGCCCGAG 

GCAAGGCCCG 
GAGTGCTCAC 
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of oenomlc DNA. 

Fig. 3. w i n e t i o n  of  the 5 '  termini  of  the M I -  and  H2-tvpe  isozyme 

i were digested with nuclease S1,  and the  products were 
Of poly(Al*  RNA was hybridlzed  with JLP-labeled  DNA  probe. 

on 80 polyacrylamide/8M urea gels  using sequence ladders  of  M13 
? markers. SLX protected  fragments are detected  and  their  lengths 
re r q h t   O f   t h e  auroradlograrn. The solid  box indicates the exon 
The  Sau3AIISau3lI  DNA  fraament  used as a probe  is  Shown  by a 

malor protested  band was 64 nucleotides rn length.  The  specificity Of the 
reaction was confirmed by demonstrating  the  absence  Of  protected  bands  when  rat 
reticulocyte mRNA  containing  nexther  the M - nor M -type was used.  These  result5 
Show  that  the M gene  has  multlple  rranscrlptlon  i2itiarion  Sites  and  that  these 
are corn011 to  the H - and M -types. 

transcrlptlon mitmtlon  Sites  assrgned  from  the  results  of  51  mapping are shown 

sequence, GGGCGG, was repeated  three r m e s  at positions -421,  -252  and -47. And 
in Fig. 4 .  This  reqlon  lacked a "TATA  box"  and a "CART box" (211. But a 6 bp 

positions  -133, -86, and -48. The  G/C  conrent was rather  high 16401.  
three  decanucleotide  Spl  blndlng C O ~ S ~ ~ E Y E  sequences 125, 261 Were located  at 

Evidence  of  Promoter AiCtiVltY - CAT  assay was performed  to  ascertain 
whether  thls 5 '  flanklng reqlon contained a functionally  active  Promoter. 
pMcaf2.2,  pMcatI.8  and  pMcarQ.5,  whlch  Contain  fragments of  about 2.2kb. 1.8kb 
and 0.5kb. respectlvcly,  from  the  sal1  Site  in  the  flrlt exon, were constructed 
as described  under "Experimental Procedures".  These  plasmid  DNAs were 

method 115). The dRLh-84 cells  express only the M -type pyruvate  kinase  ldata 
transfected into the  rat hepatoma  cell line, dRLh-84,  by the  electroporation 

not  shown). When  CAT  activity was determlned  (12f 171 48 h after  transfection, 
extracts  from  thebe  three  transformants  shoved  slmilar  CAT  activities,  whereas 
the  extract  from  cells  transfected  wlth  pUCOCat  had  neglqible  actlvlty iFiq 51. 
The  pUC2cat  DNA  Whlch we used as a positlve  Control  produced  relatrvely  hiqh 

pMcat2.2 and  pMcat0.5  DNAs into  prlmary  cultures of  adult rat hepatocytes a0 
levels o f  chloramphenicol acetyltransferase  actlvity. We also transfected 

these cells conraln only  the L-type  150zyme  (271. Hepatocytes  transfected  with 
these  DNAs  Showed no chloramphenlsol  acetyltransferase  actlvlty.  whereas  pUC2CIt 
DNA  produced  high l eve ls  Of  enzyme  activlty. 

rat qenornlc llbrary, we found  and  sequenced a clone IAMPK141 that  lacked  Intron5 
IFiq. 61. Its sequence was very  similar  to  that  Of  the M -type  mRNA  and 
contained  the  remnants o f  a polylAI  tail I" the l'-untra$slated  region. This 
qene 1s bounded  by  l5bp  direct  repeats  (the sequence: 5 '  MAGGCTATTGAGGGI.  An 
open  readinq  frame  Of  the  inrronless qene is  capable  of  codlnq  for a protein 
like M -type  pyruvate  klnase.  but  45  amino  acids  longer  than  the  latter. We 
introdaccd an EcoRIlSalI  fragment  of  about 1.5kb conraininq  the 5' flanking 

contained functional promoters.  This  pMPcat  DNA was transfected  into  dRLh-84 
region  of  the  lntronless qene Into  pUCOcat  to  examine  whether  th1s  region 

cells  and  adult  rat  hepatocytes  by  electroporatzon. However, the  fragment  did 
not Show any  promoter  actlvlty in these  cells IFiq. 51. 

The nucleOt.de seqience of2the  upstream reqmn  of  the PKM qene and  the 

Pseudoqenc  of  the  Pyruvare  Klnase M Gene - During  screening  Of a Charon  4A 

rxpresslon  of the n qcne by Northern  blot analysis IFlg.  71. In brain  and 
Northern Blot Analvsis - We  examined the  developmental requlation  of 

muscle the  mRNA  Of M  -type  pyruvate  kinase was the malor type in the  early 
~ L a q e  h f  development,2but  its level decreased  gradually  during  qestatlon 
rnnrnmltant with increase ~n the level o f  M,-type  mRNA. These  results Wen2 

A )  B) 

Ac-CA E 

A) 1 2 3  1 2 3 4  

- * y  1. 

"'-PE Ir -  by guest, on D
ecem

ber 3, 2009
w

w
w

.jbc.org
D

ow
nloaded from

 

http://www.jbc.org/

