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Abstract. Type-l-protein phosphatase (PP-1) activity is 
reduced in skeletal muscle from human subjects with in- 
sulin resistance (Kida et al. 1990). This reduced phos- 
phatase activity probably leads to the abnormal insulin ac- 
tion for glucose storage observed in insulin-resistant sub- 
jects. In the present study, a human homolog of rat liver 
PP-171 cDNA was isolated from human skeletal muscle. 
The nucleotide sequence contains a 957-nucleotide open 
reading frame encoding an amino acid sequence identical 
to that encoded by rat liver PP-1y1 cDNA. Northern blot 
analysis shows PP-171-specific mRNA is expressed in hu- 
man heart, brain, placenta, lung, liver, skeletal muscle, 
kidney, and pancreas. PP-171 was localized to human 
Chromosome 12. 

Introduction 

Two major classes of serine/threonine protein phosphatases 
have been identified in eukaryotes, PP-1 and PP-2 (Cohen 
1989). PP-1 is distinguishable biochemically from PP-2 by 
its sensitivity to inhibition of activity by okadaic acid and 
by the cellular proteins inhibitor 1 and inhibitor 2. PP-1 
participates in many functions of cell metabolism, for ex- 
ample, protein synthesis, muscle contractility, cell growth, 
and glycogen metabolism (Bollen and Stalmans 1992). 

Five PP-1 catalytic subunit cDNAs encoding different 
isoforms have been isolated from mammals (Bollen and 
Stalmans 1992). Both PP-lo~ (Cohen 1988) and PP-I~ 
(Berndt et al. 1987), the latter also referred to as PP-I~ by 
Sasaki and coworkers (1990), have been identified in mare- 
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malian muscle. In humans, a cDNA for PP-I(z has been iso- 
lated from liver (Barker et al. 1990), which encodes an 
amino acid sequence identical to that encoded by rabbit 
skeletal muscle PP-lc~ (Berndt et al. 1987; Bai et al. 1988). 
Evidence has also been presented for a PP-17 isoform in a 
human teratocarcinoma cell line (Alessi et al. t993). How- 
ever, no cDNA sequences have been reported identifying 
the PP-1 catalytic subunit isoforms present in human skele- 
tal muscle. 

Recent observations suggest that abnormal PP-t ac- 
tivity in human muscle (Kida et al. 1992) contributes to the 
reduced insulin-stimulated glycogen synthesis associated 
with insulin resistance for glucose disposal in man (Bo- 
gardus et al. 1984; Shulman et al. 1990). The cause of this 
abnormal PP-1 activity is yet unknown. One possible ex- 
planation for this abnormal activity may be a mutation in 
the nucleotide sequence of PP-1. Identification and char- 
acterization of the isoforms for the PP-1 catalytic subunit 
in human muscle are needed for an understanding of the 
causal role that abnormal PP-1 catalytic subunit has in the 
mechanism for insulin resistance for glucose disposal. 

In the present study, we report the isolation and char- 
acterization of a novel human PP-1 cDNA which appears 
to be the human homolog of the rat PP-171 (Sasaki et al. 
1990). 

Materials and methods 

Subjects 

Subjects were admitted to the Clinical Diabetes and Nutrition Section, Na- 
tional Institute of Diabetes and Digestive and Kidney Diseases, Nation- 
al Institutes of Health. Physical examinations were given to and written 
consent forms were obtained from all subjects in this study. The subjects 
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were healthy and not taking medication. Muscle biopsies were done as 
described by Kida and associates (1990). 

RNA isolation 
Total RNA was isolated from human skeletal muscle biopsies by a mod- 
ification of the method of Chomczynski  and Sacchi (1987). Briefly, 
frozen skeletal muscle was homogenized in a solution containing 4 M 
guanidine thiocyanate, 23 mM Na citrate (pH 7.0), 0.5% (v/v) sarkosyl, 
a~ld 0.1 M {3-mercaptoethanol. Sodium acetate (pH 4.0) was added to a 
final concentration of 2 M along with an equal volume of phenol and 1/5 
volume of chloroform. The solution was incubated for 15 rain at 0~ Fol- 
lowing centrifugation at 10,000 g for 20 min at 4~ the aqueous layer 
was precipitated in 1 volume of isopropanol. RNA was pelleted by cen- 
trifugation at 10,000 g for 10 min at 4~ and the pellet was resuspend- 
ed in 0.3 ml of homogenization solution, precipitated with isopropanol, 
and the final pellet was resuspended in DEPC-treated water. Poly (A) + 
RNA was isolated from total RNA by oligo(dT) cellulose chromatogra- 
phy (Aviv and Leder 1972). 

Reverse transcription and PCR amplification 
The polymerase chain reaction (PCR) product used as a probe for screen- 
ing human skeletal muscle libraries was generated from human skeletal 
muscle RNA by reverse transcription PCR. Reverse transcription of 
cDNA from poly (A) + RNA was performed with the GeneAmp RNA PCR 
kit (Perkin Elmer Cetus) according to the manufacturer 's instructions ex- 
cept that the reaction was initiated with 200 ng of poly (A) + RNA. The 
resulting cDNA was then amplified in a Gene Machine II Thermal Con-  
troller (USA Scientific) with PP-la-specific (Barker et al. 1990) oligonu- 
cleotide primer sequences 5 ' -CTGAGCCAGCCCATTCTTCTGGAG-3'  
and 5 ' -AATCTGCTCCATAGACTGCAG-3 '  at a final sequence of 0.2 
gM. PCR amplification was performed under the following conditions: 2 
min at 95~ followed by 35 cycles of  1 rain at 95~ 1 rain at 55~ and 
1 rain at 72~ with a final extension cycle of 7 rain at 72~ Oligonu- 
cleotides were synthesized on a PCR-MATE EP DNA synthesizer (Ap- 
plied Biosystems) and purified on OPC purification columns (Applied 
Biosystems). 

cDNA library screening 
Custom cDNA libraries made from human skeletal muscle were purchased 
from Clontech; 3.6 X 105 recombinant phage were screened in a human 
skeletal muscle cDNA library with the human skeletal muscle PP-lc~ PCR 
product as a probe. The 420-bp probe was labeled with c~32P dCTP by ran- 
dom primed labeling (Feinberg and Vogelstein 1983) to a specific ra- 
dioactivity of 6 • 10 s dpm/gg (see Results). A partial human PP-13,1 
eDNA clone (IRPP-1GAM) was subsequently used to screen 1.0 • 106 
recombinant phage in a second human skeletal muscle cDNA library. 
IRPP-1GAM was labeled to a specific radioactivity of  6 • l0 s dpm/gg 
with a32p dCTP by the random primed labeling method. 

DNA sequence analysis 
DNA sequences were determined by the method of Sanger et al. (1977) 
with Sequenase DNA polymerase (United States Biochemical Corpora- 
tion). Sequences were analyzed with the IBI Pustell sequence analysis pro- 
gram. 

Chromosomal localization 
Human/hamster somatic cell hybrid DNA panels (Bios Laboratories) 
were used to determine the chromosome location of human PP-171 by 
Southern blot analysis. The genomic DNA panels were probed with a par- 
tial PP-171 cDNA clone, IRPP-1GAM (see results), radiolabeled with 
~s2p dCTP to a specific radioactivity of 6 x 10 s dpm/IXg. 

Northern analysis 
A Northern blot containing 2 gg poly A + RNA from human t i ssues- -  
brain, kidney, liver, placenta, lung, heart, pancreas, and skeletal musc le - -  

was purchased from Clontech and hybridized to an oligonucleotide probe 
under the following conditions: the blots were incubated at 60~ in pre- 
hybridization solution containing 2 X SSPE, 2% SDS, 2 X Denhardts, 
200 ~tg/ml yeast tRNA, and 200 ~tg/ml salmon testes DNA for 2-4 h. The 
RNA was then hybridized to the radiolabeled PP-1]'-speeific oligonu- 
cleotide probe 5 ' -TTATTCTGCGGTGAAGTTGAGGCTTATAAGT-  
T A A A A C A A A G G A A - 3 '  (5 X 106 cpm/ml) for 18-20 h at Tm-8~ 
(60~ Following hybridization, the blots were washed twice in 2 x 
SSPE, 0.1% SDS for 15 min at 25~ twice in 1 X SSPE, 0.1% SDS for 
15 min at 60~ with a final wash in 0.1 X SSPE, 0.1% SDS at 60~ 

Results 

cDNA cloning and sequencing 

A 420-bp PP-lo~ product was generated from human skele- 
tal muscle by reverse transcription PCR amplification with 
primers corresponding to the human liver PP-1~ sequence. 
The PCR product contains nucleotide sequences spanning 
the nucleotide positions + 139 to +558 of the human liv- 
er PP-lc~ cDNA (Barker et al. 1990) with a single nu- 
cleotide difference (A ~ C) at position +237, resulting in 
a silent mutation (S. Norman, unpublished data). This PCR 
product was used as a probe to screen a human skeletal 
muscle cDNA library (Clontech). Initially four positive 
clones were isolated by screening 3.6 x 105 plaques under 
medium stringency conditions (final wash was in 1 x 
SSPE, 0.1% SDS at 65~ Three of the four isolates were 
identified as PP-lc~ by their sequence similarity to human 
liver PP-lc~ cDNA sequence. A FASTA search (Pearson 
and Lipman 1988) of the GenBank and EMBL nucleotide 
sequence databases revealed that the fourth clone, IRPP- 
1GAM, was a partial cDNA clone similar to the rat liver 
PP-1y1 (Sasaki et al. 1990). IRPP-1GAM was subsequently 
used to probe 1 • 106 plaques from a second human skele- 
tal muscle cDNA library under high stringency conditions 
(final wash was in 0.2 x SSPE, 0.1% SDS at 65~ The 
composite nucleotide sequence of IRPP-1GAM and one 
clone isolated from the second library screen (14a2-211) 
is shown in Fig. 1. The sequence contains a 957-nucleotide 
open reading frame followed by a 1.266-kb 3' untranslat- 
ed region. A polyadenylation signal sequence AATAAA 
(Proudfoot and Brownlee 1976) is located at nucleotide po- 
sition 2205-2210. A composite nucleotide sequence for 
PP-1y1 has been deposited with GenBank under accession 
number L07395. 

A comparison of the human PP-1y1 and rat liver PP- 
1~,1 nucleotide sequences shows an 86% sequence simi- 
larity overall and a 93% sequence similarity for the cod- 
ing region. The predicted amino acid sequence of human 
PP-1y1 is 100% identical to amino acids 4-330 of rat liv- 
er PP- 1~,1. 

Tissue distribution of human PP-1 fl  mRNA 

A Northern blot with poly A + mRNA from human tissues 
(heart, brain, placenta, lung, liver, skeletal muscle, kidney, 
and pancreas) was probed with a synthetic oligonucleotide 
complementary to nucleotides 1932-1975 of the human 
PP-1y1 cDNA (Fig. 1). A PP-1y1 homologous mRNA ap- 
proximately 2.6 kb in length was expressed in all tissues 
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GATAAACTCAACATCGACAG CATTATCCAACGGCTGCTGGAAGTGAGAGGGT C CAAGC CT 60 
D K L N I D S I I Q R L L E V R G S K P 

GGTAAGAATGTC CAGCTTCAGGAGAATGAAATCAGAGGACTGTGCTTAAAGTCTCGTGAA 120 
G K N V Q L Q E N E I R G L C L K S R E 

ATCTTTCTCAGTCAGCCTATCCTACTAGAACTTGAAGCACCACTCAAAATATGTC-GTGAC 180 
I F L S Q P I L L E L E A P L K I C G D 

ATC CATGGACAATACTATGATTTGCTGCGAC"FFFFI•AGTACGGTGGTTTCCCAC CAGAA 240 
I H G Q Y Y D L L R L F E Y G G F P P E 

AG CAACTAC CTGTTTC~ACTATGTC-GACAGGGGAAAGCAGTCATTGGAGACGATC 300 
S N Y L F L G D Y V D R G K Q S L E T I 

TGCCTCTTACTGGCCTACAAAATAAAATATCCTGAGAA'I-I-I-I-I-I-rCTTC TCAGAGGGAAC 360 
C L L L A Y K I K Y P E N F F L L R G N 

CATGAATGTG C CAG CATCAACAGAATTTATGGATTTTATGATGAATGTAAAAGAAGATAC 420 
H E C A S I N R I Y G F Y D E C K R R Y 

AACATTAAACTATGGAAAACTTTCACAGACTGTTTTAACTG'FI'rAC CGATAGCAGCCATC 480 
N I K L W K T F T D C F N C L P I A A I 

GTGGATGAGAAGATATTCTG C TGTCATGGAGGTTTATCAC CAGATCTTCAAT CTATGGAG 540 
V D E K I F C C H G G L S P D L Q S M ,E 

CAGATTCGGCGAATTATGCGACCAACTGATGTACCAGATCAAGGTCTTCTTTGTGATCTT 600 
Q I R R I M R P T D V P D Q G L L C D L 

TTGTGGTCTGACCC CGATAAAGATGTCTTAGGCTGGGGTGAAAATGACAGAGGAGTGTCC 660 
L W S D P D K D V L G W G E N D R G V S 

T TCACAT T TGGTGCAGAAGTGGT TGCAAAATT TCTCCATAAGCATGATTTGGATCTTATA 720 
F T F G A E V V A K F L H K H D L D L I 

TG TAGAGC C CAT CAGGTGGTTGAAGATC-GATATGAATTTTTTG CAAAGAGG CAGTTGGTC 780 
C R A H Q V V E D G Y E F F A K R Q L V 

ACTCTGTTTTCTGCGCC CAATTATTGCGGAGAGTTTGACAATGCAGGTGC CATGATGAGT 840 
T L F S A P N Y C G E F D N A G A M M S 

GTGGATGAAACACTAATGTGTTCTTTTCAGATTTTAAAGCCTGCAGAGAAAAAGAAGCCA 900 
V D E T L M C S F Q I L K P A E K K K P 

AATGCCACGAGAC CTGTAACGCCTCCAA~TATGATCACAAAGCAAGCAAAGAAATAG 960 
N A T R P V T P P R G M I T K Q A K K 

ATGTCGTTTTGACACTGCCTAGTCGGGACTTGTAACATAGAGTATATAACCTTCATTTTT 1020 
AAGACTGTAATGTGTACTGGTCAGCTTGCTCAGATAGATCTGTGTTTG~CCCTTC 1080 
CT TC CATT TTTGAT TTAGTGAATGGCAT TTGC TGGTTATAACAGCAAATGAAAGACTCTT 1140 
CACTCCAAAAAGAAAAGTGTTTTG'DI -FITI'AATTCTCTGTTCC'I-I-I-rGCAAACAATTTTA 1200 
ATGATC-GTGTTAAAGCTGTACACC CCAGGACAGTTTATCCTGTCTGAGGAGTAAGTGTAC 1260 
AATTGATCTTTTTTAATTCAGTACAACCCATAATCATGTAAATGCTCATTTTCTTTAGGA 1320 
CATAAAGAGAG CC CTAGGGTGCTCTGAATC TGTACATGTTCTTGTCATAAAATG CATACT 1380 
GTTGATACAAACCACTGTGAACATTTTTTATTTGAGAA'FFI'IGTTTCAAAC-GGATTGCTT 1440 
TTTCCTCTCATTGTCTTGTTATGTACAAACTAG~ATAGCTATCAACATTAGGAGTA 1500 
ACTTTCAACCTTGCCAGCATCACTGGTATGATGTATATTTAATTAAAGCACACTTTTCCC 1560 
CGAC CGTATACTTAAAATGACAAAGCCATTCTFFgAAATATTTGTGACTCTTTCCTAAAG 1620 
C CAAAGTTTCTGTTGAATTATGTTTTGACACACC CCTAAGTACAAGGTGGTATC-GTTGTA 1680 
TACACATG CTG C CTTC TTC-GGGATTCAAAAACAGGTTTTTGATTTTGAATAGCAATTAGT 1740 
GATATAGTGCTGTTTAAG CTACTAACGATAAA GGTAATAACAFFI-rATACAATTTCCAT 1800 
ATAGT CTATTCATTAAGTAATCTTTTTACAGTTGCAT CAGGC C TGAAC C CGTC CA~CAG 1860 
AAAG C TTCAAATTATAGAAACAATACTGTTCTATACGAGTGACCGATTATG CTTTCTTTG 1920 
GCCTACATTCT~TATTCTGCGGTGAAGTTGAGGCTrATAAGTTAAAACAAAGGA/~TAAC 1980 
TTAC TGTC CAC CAG'F,-gATACAGAACTCACAGTAC CTATGA~'I-, -F,-I-rAAACTAAGATCT 2040 
GTTAAAAAAGAAATCTGTTTCAACAGATGAC CGTGTACAATAC CGTGTC-GTGAAAATGAA 2100 
TTCAGACTTATTAAATGATGAACTTGTTAA TCTTCTCAGTGTCTA'FFrATCAGCACAAT 2160 
i%CACACAGGAGAACTGTTGATGG CATATTGAATAGA'I-FFI'C CTGAATAAATTGCTCTGGA 2220 
AACCAC 

Fig. 1. Nucleotide sequence and 
predicted amino acid sequence of human 
skeletal muscle PP-171 cDNA. The 
termination codon and polyadenylation 
signal site are underlined. The boxed 
sequence is complementary to the 
synthetic oligo probe used for Northern 
analysis (Fig. 2). 

examined (Fig. 2). The variability in signal is due to dif- 
ferences in RNA loading between lanes, as evidenced by 
differences in amount of RNA visible on the ethidium bro- 
mide-stained gel used for the Northern blot (data supplied 
by Clontech). An additional mRNA approximately 1.65 kb 
in length was also detected in heart and skeletal muscle 
(Fig. 2, lanes 2 and 7). 

Chromosomal localization 

The chromosomal localization of PP-171 was determined 
by Southern blot analysis of PvuII-digested genomic DNA 
from human/hamster somatic hybrid cell lines (Bios Lab- 
oratories) with IRPP-1GAM as a probe (Table 1). Ge- 
nomic DNA from hybrid cell lines 683,507, and 904 hy- 

bridized to fragments identical in size to those in control 
lanes containing total human genomic DNA, indicating 
the presence of human PP-1~ sequences in these cell lines. 
These results are summarized in Table 1. A weak signal 
was also seen for hybrid cell line 756, but only after an ex- 
tended exposure (8 days). Since recent karyotyping showed 
Chromosome (Chr) 12 is now present in only 5%-30% of 
the cells (Clontech, personal communication), the weak hy- 
bridization signal was apparently due to the loss of this hu- 
man chromosome in the majority of cells in hybrid line 
756. The only human chromosome shared among the IRPP- 
IGAM-positive cell lines is Chr 12. This chromosome is 
not present in the remaining cell lines of the panel. There- 
fore, this result is consistent with a location of the PP-17 
gene on human Chr 12. 

The Southern blots were also probed with a human ge- 
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T a b l e  1. Chromosomal localization of PP-I~I by Southern analysis of PvuII-digested genomic DNA from human/hamster somatic cell lines (Bios Laboratories). Abbre- 
viation: " e "  indicates the presence of a specific human chromosome in >75% of the corresponding human/hamster cell line population; a percentage number is given for 
cell populations containing <75% of a given chromosome; + indicates a human specific hybridization pattern was observed by Southern analysis with a PP-171 probe. 
"D" indicates Chr 5 was deleted at 5p15.1-5pI5.2 and "Dq" indicates multiple deletions in 5q (Bios Laboratories Chromosome Panel Blot instruction manual). 

H u m a n  C h rom o B o ~ e 

PPIu Cell 
l i n e  I 2 3 4 [ 6 7 8 9 IO II 12 13 14 15 16 17 18 19 20 21 22 X Y 

8 6 7  60% �9 �9 �9 �9 �9 

8 5 2  �9 

4 2 3  �9 

8 6  0 3 0 5  �9 �9 1 5 5  3 5 5  �9 

8 0 3  �9 �9 �9 1 5 5  �9 �9 

9 0 9  D �9 �9 �9 �9 

1 0 0 6  5 5 5  �9 �9 �9 �9 �9 �9 �9 

811  �9 6 5 5  6 5 5  

9 6 7  �9 �9 �9 

7 3 4  �9 �9 �9 

9 6 8  �9 �9 �9 6 5 5  

+ 6 8 3  �9 �9 �9 �9 �9 �9 

+ 5 0 ' 7  �9 �9 �9 6 5 5  4 0 5  2 5 5  �9 

7 5 0  D �9 �9 �9 �9 

1 0 9 9  6 S 5  D �9 ~ 5  �9 �9 

3 2 4  �9 

9 4 0  �9 �9 

9 8 3  �9 1 5 5  

9 3 7  �9 �9 �9 �9 e �9 

8 5 4  5 5  �9 

1 0 7 9  �9 �9 4 5 5  1 0 5  �9 

7 5 6  D (J~5 �9 �9 ( ~ 5  4 5 5  �9 �9 �9 �9 

+ 9 0 4  D �9 �9 :$5  �9 �9 

8 6 2  �9 �9 

1 0 4 9  �9 �9 

2 1 2  Dq  �9 

nomic myf-5 clone containing the first exon and 2 kb of 
5' untranslated sequence (Dr. Bruce Thompson, personal 
communication). Myf-5 was used as a positive control be- 
cause it has previously been localized to human Chr 12 
(Braun et al. 1989). The Myf-5 probe gave a hybridization 
pattern identical to that observed with IRPP-1GAM. 

Fig. 2. Northern blot analysis of mRNA from multiple human tissues was 
probed with an ol igo corresponding to nucleot ides 1932-1975 of the hu- 
man PP-1yt  sequence (Fig. 1 boxed nucleot ide sequence). The ol igo hy- 
bridized to a 2.6-kb mRNA in all t issues  examined  ( l a rge  a r row) .  Lane 
1, size standard; lane 2, heart; lane 3, brain; lane 4, placenta; lane 5, lung; 
lane 6, l iver; lane 7, skeletal  muscle;  land 8, kidney;  lane 9, pancreas. A 
1.6-kb m R N A  was also detected in heart  and skeletal  muscle  ( smal l  a r -  
row) .  

Discussion 

We have isolated a human homolog of rat liver PP-1y1 
from skeletal muscle cDNA libraries. The nucleotide se- 
quence in the coding region is highly conserved (93% se- 
quence similarity) between rat and human, with all nu- 
cleotide differences encoding silent substitutions in amino 
acid sequence. The overall nucleotide sequence is highly 
conserved with 86% sequence similarity between the two 
species. 

A 2.6-kb PP-171 homologous mRNA was detected in 
heart, brain, placenta, lung, liver, skeletal muscle, kidney, 
and pancreas. In addition, a 1.65-kb mRNA was also de- 
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tected in  heart  and  skeletal  muscle .  The 1.65-kb m R N A  
may  also be expressed  in other t issues bu t  was be low the 
level  of  de tec t ion  of  our  Nor thern  analysis .  Both  of  these 
m R N A  sizes are in  ag reemen t  with those repor ted  for rat 
PP-1y hybr id iz ing  m R N A  expressed in kidney,  heart, brain,  
and testis (Sasaki  et al. 1990). In addi t ion to the rat PP-1y1 
c D N A  clone,  Sasaki  and coworkers  (1990) isolated a c lone  
f rom a rat testis c D N A  l ibrary,  PP-1y2,  which  was pro- 
duced f rom the same gene as PP-171 by a l te rnat ive  splic-  
ing. The i r  Nor thern  analys is  results  suggest  that PP-1y1 
corresponds  to a 2 .6-kb m R N A  whi le  PP-1y2 corresponds  
to a 1.8-kb m R N A  species.  The ol igo probe  used in our  
Nor thern  analys is  has nuc leo t ide  sequence  cor respond ing  
to the PP-17-spec i f ic  sequence  used to iden t i fy  PP-171 
and PP-1y2 homologous  m R N A  in rat t issues (Sasaki  et al. 
1990). The  1.65-kb m R N A  species present  in h u m a n  heart  
and skeletal  musc le  ma y  also be an a l ternat ive  splice prod- 
uct. 

W e  have  local ized h u m a n  PP-171 to Chr  12 by South-  
ern  analys is  of  h u m a n / h a m s t e r  hybr id  cel l  l ine genomic  
DNA.  The previous  report  that PP-lcz  is located at Chr  
1 l q13  (Barker  et al. 1990) indica tes  that PP-1y  and  P P - l c t  
are d is t inc t  m e m b e r s  of  a PP-1 gene family.  

The  ident i f ica t ion  of  PP-171 c D N A  clones  in  h u m a n  
skeletal  musc le  l ibrar ies  further  descr ibes  the complex i ty  
of  regula t ion  of  PP- 1 act ivi ty  in h u m a n  musc le  which  ap- 
parent ly  invo lves  at least three i soforms (c~, [3, and 7). W e  
are interested in de te rmin ing  whether  a muta t ion  in the PP- 
17 gene is r e spons ib le  for the reduced PP-1 act ivi ty  previ-  
ous ly  observed  in insu l in - res i s t an t  P ima  Ind i an  subjects  
(Kida  et al. 1992). The c D N A  sequence  provides  infor-  
ma t ion  needed  for the s ing le -s t rand  confo rmat iona l  po ly-  
morph i sm (SSCP) analysis  for possible abnormali t ies  of the 
PP-1y1 i so form in insu l in - res i s tan t  subjects.  
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