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A Dro.soplu(a gene encodmg a protein phosphdtase i (PP1) has been sequenced and lethal mutauons in thls locus (87B) analysed. Two mutants

(ck19°21V and . ck19%46), which disrupt mitosis, Jack the 87B isoenzyme and express only ~20)6 of wild type PP1 activity. The promoter region of

the:gene is deleted in the ck 199! mutant, A third mutant (ck197%), which shows suppressmn of posmon effect variegdation, but haslittle effect

on mitosis, possesses ~35qs of wild type PP1 activity. The results indicate that the PP1 87B iisoenzyme is involved in regulation of chromosome ’
‘ condensation at interphase as well as mitosis, ‘

Protem phosphdtase, Drosoplu/a, Gene sequenoe MltOSls Posmon effect vanegauon

1. INTRODUCTION -

A key enzyme in the regulanon of the cell cycle is the
product of the cell ‘division cycle 2 (cdc2) gene, which
encodes a protein serine/threonine kinase that becomes
dephosphorylated and activated at the G2- M boundary
(reviewed 'in [1])..: The protein phosphatases which
regulate the actlvanon of cdc2 and/or dephosphorylate
its substrates are only beginning to be identified. Four

principal protein serin¢/threonine phosphatase cataly- =
tic subunits have been identified in eukaryotic cells,
»namely protein phosphatase 1 (PP1), protein phosphat-

ase 2A (PP2A), protein phosphatase 2B (PP2B) and

protein phosphatase 2C (PP2C) and shown to regulate
a variety of cellular processes [2,3]. ¢cDNA clomng‘

studies' have revealed that PPl and PP2A are
:rcmarkably conserved through evolution [4,5]. Recent
work in Xenopus egg extracts has demonstrated that

concentrations of the toxin okadaic acid which inhibit
“PP2A’ (but not APPI, PP2B or PP2C) stimulate the
‘dephosphorylation ‘and activation of cdc2, ‘whereas

“specific inhibition of PP1 by inhibitors 1 and 2 does not
[6]. Although PP1 does not appear to be involved in

cdc2. actlvatnon, there is evidence ‘that it nevertheless

plays an important role in mitosis. Mutants in the
fungus Aspergillus  niduians [7] and fission yeast
Schizosaccharomyces pombe [8} that are defectlve in
anaphase, are affected in genes that encode proteins
with a stnkmgly high'level of sequence identity to mam-
malian PP1 [9]. However, protein : phosphatase ac-
- tivities in the mutant cells were not investigated.
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“In Drosoplnla, 3 isoforms of PP1 have been iden- ‘

tified by ¢cDNA cloning, with the possible existence of
‘another inferred from hybridisation: of. cDNA to a
‘fourth gene locus [10,11]. The locus encodlng one'of

these isoforms, PP1 87B, lies within a region of chro-
mosome. 3 ‘which has prewously been dissected by :
saturation mutagenesis [12]. ‘Mutants were therefore.:

" ‘available which could be examxned for protein phos-’
' “phatase - activity -and"-phenotype. ‘We showelsewhere

that two of these lethal mutants (ck/9°*'! and ck19"®)
have defects in mitosis {13]. A third mutant (ck19e°75) in

‘the same complementation group. [12] also dies at ‘the’,

late larval stage, but shows liitle abnormahty in cell‘
division [13]. Here; we have -analysed the structure of
wild type and mutani genes and measured PPl actmtyf
at the late larval ‘stage.

' 2. MATERIALS AND METHODS

2.1. Isolation and sequencing of genomic clones :

A vild type (OregonR)-genomic library in the CosPer casmid vector
(kindly prowded by ‘Dr-John ‘Tamkun, University.of Colorado,
Bolder, USA); was screened with the 3 non-coding 160 bp fragment
of PP187B cDNA [10]), which was labelled by random hexanucleotide
priming using [¢**P} dCTP [14]. Two positive clones with '~ 43 kb in:
serts were isolated and digésted with EcoRl. An’8: kb fragment,

' positivé with the PP1 87B cDNA, was subcloned intd'the EcoRI site.

of the Bluescript pKS™ “vector and: 1. 9. kb of ‘it ‘was sequeneed by
methods described previously [10].

' A library of ‘genomic: DNA"‘from - ck19°2“/TM3 flies; pamally'
cleaved with BamHI, ‘was' constructed in the vector AEMBL4 [15].
Two clones posmve with a §' non-coding 172 bp fragment of PPl 878
¢DNA, with insert sizes of 18'and 14 kb, were isolated. After‘digésti‘on
with BamHI, identical 11 kb positive fragments from each clone were

- subcloned into the BumHI site of Bluescnpt and1.6kb encompassmg
‘the mutant-gene was sequenced
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2.8 Preparauon of Drosophila extracts .

Drosophila, at the third'instar larval stage of devclopmem. were:

collected from culture medium by floating them on thié top of 1.5 M
NaCl, then rinsed with - distilled water, dried. on:paper. tissue and
stored in liquid nitrogen or-used directly, Storage of the laivae at

~70°C did not affect the phOsphatase activities, Two or four larvae
were homogemsed at 0-4°Cin 0.2'ml of 50 mM TrisHCIpH 7.5, 1
mM EDTA; 1 ' mM EGTA, 0.1% 2-mercaptoethanol containing

the proteinase -inhibitors, benzamldme hydrochloride (5. mM),
phenylmethylsulphonyl fluoride (1= mM), . L-l-tosylamide-2-

phenylethylchloromethyl ketone (0.1 mM) and leupeptin (4. ug/ml), :
which were purchased from Sigma, Pools, UK. The homogenates
were centrifuged for-s min at 6 000 X g (4°C).and the supernatants

containing >90% of the PP1 and PPZA acuvmes were removed for
analysis.

2.3, Measurement of protein phosplmiase spec:f:c acnvmes

PP1 and PP2A activities were assayed in duplicate or triplicate at
1530 fold dilutions of thie larval supernatants as describeain [16,17)]..

The release of **P-radioactivity from 32p-Jabelled phosphorylase and

‘ ‘ wt Cl : ! ’J.‘GAA'I"IAACCTATGTTCTG"‘A}\ACGA ATATTCTTATTGGCTTATTTGAATTT;SM

FEBS LETTERS

* November 1990

casein was completely inhibited by 1 pM okadaic acid, indicating that -
all the activity: was catalysed by PP1 and PP2A; andnot caused by
proteolytic.cleavage to trichloroacetic acid soluble phosphopeptides,

One unit’ of ‘activity was thar amount - which catalysed the

dephosphorylation-of 1.0 umol.of substrate.in-1. min,

3 RESULTS

3.1 Sequence of the wild type PPI 87B gene

The PPI 87B gene (Fig, 1) is colinear with the cDNA.
showing that there are no introns, and the coding region
is identical to the cloned cDNA sequence reported

previously [10]. In the 5’ non-coding regxon there is'a

recognisable TATA element situated 'at —389 to —383:
and a CCAAT regulatory element at — 634t0 —630. A
potential NFIII binding site ATTTGCAT at ~288 to
—281 and an putative inverted SP1 binding site

~631
wt : : ZG’I‘AT’L‘TMATATCCCCTTGTT)\CCGGTAT ATCGAATAGCCTCGCCAAATGCATCASTCT CCCA’!CTCTTTTCCACAGTAAGTCA'X‘GCCA -541
wt GGCG’I‘GCC'.I.‘GAGTGCAAGCGGGATGGCTA&. TGTCCCCCTGATCAGGCTGCCACACCGC’J‘.‘G AM\TAGAGTMCTGGACGCCATGCGTTTAA ~451
8211 . GGCTCGTCTTGTICACATIGTICGCTIGAG ARCGTATGTCG ITTIGATTCATTGTICTAR | |
et TCGB‘I‘TACTAPACAGCAOTT’!CGAGCCACTA TAGGGTCGAGAAGACCCGTITICGAATGAAA ATATAALAG AGAGCTATTGCGGMCTCT’X' -361
€211  GICCAGATATAACAATTACCAGAACAATAT GGAATAATTATITATIITAGTARATAATTA CLATAGICAATAATTIGTTAGITGTGCAAAC
. wt GCANL‘GGATTGGBAATGTCCTTAATGTMT AI\GAGTAA'EAT'I‘ACAGCAACTTCG'ITATCG ATTATGCACTATAZRIGCATGTTATCGATY -271
@21l TGCACTTTACBCTTTGTGTTTAACTTTCAC 'I‘ATACTGTTGTAGTTTTTAGAAC‘I‘TGC‘I‘AT TCGTAGCTTGAAAGABACACGTCTCCACCC
wt AGATAAGATGGCGTCTATTATCTGGCCATA TCCGCGKCTTCCGGCAGTGTGGCAP‘CATCA GCTAGAAGCAL.ACTCGCCATCM -181
@211  GAAGACTGTGGAATGE ** *f e v s v vowas nneoeuiavonlonaihioastosenosin us Ve el e e e e e e
e s CTCACGCAACAGCATACGAAGAA}\TTT‘I‘CA TACTTG'L‘TAGCTGTGAMAGTATTTAGCAG AF;ATAGATTTCGGAAATTAF.AGATTTCGAG Lo =91
Y N T e R T S T N P PN NS g
o GC'I‘ATTTCGGCGC'X‘ACCZ\ACGA‘ICGTTCGC GGTAACCTCGAC}\CCCAACAGCAGCACTAG TGCACCAGATCCACACTTTCGCACGCBI\AC‘ -1
@211 O S LY S O o PO T S O S Ce e e e e e e e ! : :
vt A'I‘GGGCGACGTGATGAATATCGACAGCATA ATATCGCGACT‘ICTCGAGGTGCGTGGGGCA < GCCAGG‘I‘AAAAACGTACF\GCTC'L‘CGGAG 90
: M o] M I s I I R L L B [ P . G K N Q 5 B -
©211 T T S O P P P T
wt GGCGAGATCCGGGGRC’I‘TTGCTTGMG!‘CG CGCGAGATCT‘I‘CCTG‘I‘CGCAGCC@A‘I‘TCTG CTCGHGCTAGAGGCACCGTTGMGATCTGC 180
GEIRGLC,L‘RSR IB‘ s Q P LEI.EAP I :
a211 N B T LI T N R T T .
wt GGCGACATCCATGGACAGTACTACGATCTG T'I‘GCGi‘cTGTTCGAG‘I‘ACGGCGGCT'Z'TCCG CCGGAATCGAAT‘I‘ACCTGT’I‘CCTCGGCGAC 270
&8 DT B G Q@ ¥ Y .D.L L F B ¥ &6 G ¥ P S‘N!LFL‘GD
Ce2id s aie i andan FR T O T T E T PO S S S N P L S I ST IR ST AT S AP S :
wt TACGTCGATCGCGGCMGCMTCGCTGGAG ACGATCTGCC‘I‘GCTGCTCGCC‘IACAAGA‘I‘C AAATAQTCGGAGAATTTCTTCCTGCTGCGC 360
¥ v G E Q E C.L L L A N.F F L R
g211 S
wt GGCMCCACGMTGCGCCAGCATTMTCGC ATATACGGA’I‘TCTACGACGMTGCAAGCG'R CGC'L‘AQAGCATCMGT‘I‘GTGGAAGACATTC .. 450
o A‘SINRIYGFZD RR! RLWR'I‘E“
| 8211 . .
e, AgGGAC‘I‘GCTTCAhC!GCCTGC%AGTGG:G GECATTGTCG%CG%GAAGBTCT%CTGCTGC CQCGGTGGTCTCAGTCCCGATT’%"GACCTEC 540
@211 “......4....-........-‘ fe e e ale e b s 2 ala e mle v e w4 et sel e s et s a v a S a s i e S e e :
LU A‘J.‘GGAGCAGA’PCCGTCGCATTATGCGGCCA ACCGATGTGCCCGACCAGGGACTGCTGTGC GATCTCCTGTGGTCCGA’I‘CCCGATMGGP‘T 630
ool MBI I P 7T P'D QG L (=2 ] SDPDK
e211 O N T T N S I B R I T T T S Be e s e v ;
ot ACCATGGGCTGGGGCGAAMACGACCHCGGL GTTAGC'I.‘TCACCTTCGGTGCCGAGGTGGTG GCCMG‘I‘TTTTGCAGMGCACGAGTTCGAT 720
“I‘MGWGENDRGV FTFGAE A K QKBE Do
€211 ' TS T O Y S A e e e e e e ele e sle alataal
wt CTCATCTGCCGAGCCCATCMGTCGTCGAG GATGGGTACGAGT’I‘CTTTGCCAMCGCATG CTGGTCACCCTGT’.ECTCGGCGCCCMCTAC 810
i : LI 4 @ B o ¥ E B P A K T L AP R :
a211 .......-.......‘.....,.....-....-.-........... .....-.......‘.......-..-..... ........ vo e
vt TECGGCGAGTTCGACAATGCCGGCGCCATG! ATGTCCGTGGACGATAQGC'I‘GATC-'!GCTCG TTCC}AMTCCTCMGCCAGCCGACMGCGT 900 .
. e 6 E-FP D N A G A M s D T L Foa X D 'K R :
LY R T T T T T P O P S
we AQAA?GTMTATCACACAACTGCAGCACCA CGAGCAGTCTTTITCTATCTMMCAGATC MTMGMAI‘CGMACAAGNIACMAAGAT 1980
211 B R S S S PN P T P PP B T
we AMCACGACAMMCMCCACMACCCMC CACACAATCAACCAGAWTCCTTTG MACAACACA?CMATGA‘I‘GCATGMACGT 1080
B211. 0 eew s ae e e P Y N R S T
wt : AAG’I‘A‘L‘GGGC:TGCTGACGCAGRGTMCAM CTAGTGAA’I’CACACTCTCRCCCCMCCTTA 'I‘C'J.‘C‘I‘G‘I"L‘TTTGGTCACTTTTATCATCGGC 1170
e211 R PPN
vE AGCCG(‘GGCGAGTCGABATCCACAAGAMT TGCACCATTMTTTGGTRTGGMTAGC 1227

Fig. 1. Comparison of the nucleotide sequences of the gene for profein phosphatase 1 87B‘ in mutant ck 7954} (211) and wild type (wt) Drosophila.

Dots indicate identity of ckJg°3!! with wild type. The numbering of the nucleotides starts at the first base of the initiating ATG, with nucleotides

precedmg this, indicated by a negative sign. The CCAAT and TATAAAA boxes and putative polyadenylation signal AATAAA are indicated by
- double under fining. Other potential regulatory elements are underlined once. -The encoded amino acid sequences of the protein phosphatase 1878
: are also shown.
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GGGCGG at — 189 to. ~ 184 are also present (reviewed
in [18])..In the 3’ non-coding region there is a putative
polyadenylation site-at 1037 to 1042, Assummg the ad-
dition of a poly ‘A tail of 0.1 kb and the initiation of
transcription .~ 25 nucleotides 3’ to — 383, this would
lead to an mRNA of approximately 1.5 kb, consistent

with' the smaller message: size seen-on Northern blots o

[10]. No open reading frames, which could encode pro-
teins greater than 50 amino acids in length were found
in'the 5’ and 3/ non- codmg regions of the gene

3.2, Sequence of the mutation ckl9€2” in the PP1 87B
gene which: causes abnormal mitosi

The ck19%*!" mutant gene (Fig. 1) dlverges from wild ‘
type 165 bp 5" to the initiating ATG of the PP1 open
reading frame. The TATA box which starts at =389 in .
the wild type gene is therefore deleted from the ck19°31 -

chromosome. Deletion of this promoter region would
be‘expected to lead to loss or reduction of transcription

of the PP1 87B mRNA in the ¢k19%*"" mutant. This
finding explains why no PP1 87B mRNA is detected in
this mutant by Northern blotting and is in accordance
with restriction mapping studies which indicated that -

the deletion was larger than 6 kb [13].

3.3. Protein phosphdtase 1“activity in mutqnt larvae
'~ The dctivity of PP1:was examined in extracts from

third instar larvae of wild type Drosophila and the
mitotic. mutant hemizygous for ckZ9°*'!, the mutant

allele bemg uncovered by the deletion Df(3R)E- -079

Table I shows that the PP1 specific activity in this mu-
tant was 21 % of the wild type level, while PP2A activity

was similar to wild type levels.: The latter result

establishes that the decrease in PP1 activity is specific

for this enzyme and not due to deterioration of the

samples. Although PP1 activity in larvae bearing one
ck19°2" allele in trans with one wild type allele of PPI
878 carrled on the TM6B balancer chromosome was -
lower than the wild type value, the dnfference was not‘

significant (Table 1).

The other mitotic mutant at 87B, cle)hS46 had 20%

of wild type PP1 activity, PP2A activity again being
‘normal. The result is consistent with ck19"*® being a

nuil mutation [13], as shown for ck29°21!, The activity

of PP1 in Drosophila hemizygous for the lethal muta-
tion ck19°°78 was 35% of the wild type level, the level of
PP2A activity being normal. PP1 activity in another
‘mutant ck/8°!2, which carries a lethal mutation in a
different complementation group, was similar to wild
type '(Table D.

4 DISCUSSION

4 1 The PP] 87B gene product is the major type 1 pro-a

- tein phosphatase activity in larvae
- Recently, we demonstrated that Drosophila carrying
~either of two mutations (ck19°*'! and ck19""’5 at the

'FEBS LETTERS
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Table I

Specnﬂc activities of protem phosphatascs 1 and 2A in mutam and

wild type Drosphila larvae .

‘ Strain : PP1 specific activity PP2A specific: acuvuy
oo o (mU/me) (mU/mg)
AveragexSD (») Average £ SD (n)
Oregon R © 7.08 £ L.81(17) 1.28 % 0.38.(11)
(wild type) - . Do S
k1o 148 + 0.39 (16) 158 = 0.55 (12)

- DF(3R)E- 079 ‘ ‘ S :
ckl19°?! 5,26 + 1.26 (7) " 1.56 + 0.51(5)
TME6B . . ! R

cki1g 140 £ 054 (7) 125 £ 031(4)
Df(3R)E-079 : 5 IR
ck19 . 245 = 0.83 (10) L3 % 0:22(6)
DF(SR)E 079 ‘ ‘ s

4 ck18°m 7.9 x 2.40 (3) ot determined
k1812

PP1 and PP2A assays were carrled out in'the'presence and absence of

.2 nM okadaic acid: {17] or after preincubation -for 10 minin the’

presence and absence of 100 nM inhibitor-2 [16}..PP1.was measured.
by the release of *2P-radioactivity from phosphorylase a (10 uM) | and

. taken as the activity inactivated by inhibitor-2 and/or the activity not‘
" inhibited by 2 nM okadaic acid. PP1 activities measured by each pro-
. cedure gave similar values. PP2A activity was measured by thie release .

of: 32P-radioaétivity from *?P-labelled casein (*2P = 6 uM) afier prein--

.cubatiorn for 10.min with 100 nM inhibitor-2 to-inactivate PP1./All:

assays were carried out ‘blind’, the strain being identified subsequent

.to ‘the enzyme activity measurements. Several different batches of -

Drosophilalarvae were examined for each strain. 8D is the standard

deviation and » is the number of extracts assayed,

'87B locus on chromosome 3 are delayed in progress
~ through mitosis and show defective mitotic spindle
' organisation, abnormal sister chromatid segregation,
“hyperploidy and an excessive degree of chromosome:

condensation [13]. Germline transformation of the mu-

tant.ck19°*"! flies with the wild type PPI 87B gene, but
" not with ‘a disrupted: PP1 87B gene, restores normal

mitosis, viability and fertility. We have now compared

 the sequence of the mutant ck9%!! gene with the wild'
- type gene and have shown that a deletion is present in:
‘the promoter region of the gene (Fig. 1), explammg why

no PPl 87B ' mRNA is detectable in’ ‘this mutant. ‘More

| " importantly, we have demonstrated that' this: mutant

possesses only 21% of wild type PP1 activity (Table I)..
This finding indicates that PP1 87B is the major PP1

| * activity measurable at the late larval stage in:wild type

Drosophila, accounting for ~80% of the activity. This

- conclusion was reinforced by analysis of a second mu-

tant ck19"*¢ which possessed 20% of wild type PP1 ac-
twlty (Table-1). This mutant makes RNA species that
are 0.2 kb smaller and less abundant than wild type,
while Southern blottmg experiments have revealed a 0. 5

g ‘413
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kb truncation a' the 5 end of the gene [131 The dele-
tion would be ‘expected to prevent translation or lead to

synthesis of a truncated protein. The latter, if produc-

‘ed, would be inactive, since a hrghly conserved domain

likely to be essential for catalytic activity-is present in

only ~200 base pairs 3’ of the initiating ATG [3,5].

‘The: residual - 20% of wild type actwrty seen in the

mutants k19" and ck19"4¢ may originate from the
other PP1 isoforms [11]. However, one cannot exclude
the possibility that a part of the residual activity is due
to the presence of’ residual maternal PP 87B which
may not have been degraded.

‘In contrast:to the situation in Drosophlla where loss
of a single isoform leads to a mitotic defect, deletion of

a single: PPl gene in either fission . yeast [8] or

Aspergillus [7] has no effect on viability. Deletion of

both the PP1 genes in fission' yeast is required to
generate a lethal phenotype. The reasons for these
species differences are unknown because the contribu-

tions of the different PP1 gene products to overall PP1
activity have not yet been assessed in-either fission yeast
or Aspergillus. The differences may, of course, lieinthe
multicellular nature of Drosophila, if the various PP1
genes are expressed m drfferem cells

4.2. A threshold Ievel of PPI 87B actzv:ty is requtred for !

the completion: of mitosis

The third mutant at 87B (ckI9°™) shows little
evidence of abnormal mitosis. Nevertheless, it also dies

at the late larval stage, and germline transformation

‘with a P element bearing the wild type PP/ 87B gene
rescues the lethal phenotype 13]. The present work of-: -

fers a molecular explanation for this surprising observa-

tion by demonstratmg that PP1 87B activity is defi-
cient, but not completely absent, in the ckZ9°"® mu- . .
tant. This ‘is consistent with Northern blotting ex-:
periments which have demonstrated that the mRNA in
this mutant is the same size as wild type and present at

a similar concentration [13]. Presumably, this mutant
possesses a point mutatron ora very small deletion/ad-
Jdition.

" The ck19°® mutant has 35% of wild type PP1 activi-

ty (Table I). If it is'assumed that PP1 isozymes are ex-

pressed uniformly throughout larval’ tissues, two

models can be put forward to explain why mitosis is

almost normal in the ck19°°7® mutant. Firstly there may
be a threshold level of total PP1 actrvrty (35%) for suc-
cessful completron of cell division. This -explanation
assumes that at least two PP1 isoenzymes aré func-
tionally equrvalent, and contribute to that threshold

level. One of these is PP1 87B, since the other 1soforms ‘
together supply only 20% of wild type activity, which is |

insufficient for normal mitotic function as shown by
analysis of the ck19°*!! and. ck19“5“6 mutants. Alter-

nanvely, the PP1 87B isoform may have a specialised,

rolein mrtosrs which cannot be substltuted for by other
P°l 1soforms ‘ :

42
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4. 3 Protezn plzosphatase 1 partuzpates in other wtal
- cellular processes . ‘
The observation that the ck9%7® mutant‘proceeds
through mitosis in a nearly normal manner, vet still'dies
at the larval-pupal boundary, i implies that PP1 87B has

‘ another vital ‘function at this stage, which requrres

greater activity of this enzyme than does mitosis. Since
the:lethal phenotype was rescued by-gerniline transfor-
mation with the wild type PP] 87B gene, but not with

‘a drsrupted PP]-87B gene [13], the vital :functron must
- be supplied by PPl 87B or an overlapping gene.

However, as 1o other open readmg frames were found
in the 5' and 3’ noncoding regions’ of the PP] 87B
gene, it would appear that PP1 is essential for a second

‘vital process additional to its role in mitosis

4.4, PP1 87B mutant alleles result in suppresszon of
heterochromatic position effect variegation . . .
In: Drosophila, rearrangements which place euchro-

- ‘matic genes into.a region of heterochromatin result in

inactivation of the.euchromatic genes close to hetero-
chromatin with ' an accompanymg condensation - of

~chromatin structure. The transcriptional actrvrty of the
‘euchromatic gene varies in different cell populations
~leading to a ‘variegated’ effect. Reuter et al, {19] have

reported: that, inthe heterozygous state, several alleles
of the ckI9. lethal complementatlon group have”the
abrlrty to suppress this heterochromatic position effect

- variegation. One of these, Su var (3) 6, has been located
‘between 87B 5-6 ai.d 87B 8-10 by defrclency mapping

and shown to be allelic to lethals of the: ckl9 com-
plementation group, including ck19°°7%. In the present

 work and [13], analyses of ck19°°7® show that the

lethality of this mutant results from. deficient PP ac-

~ tivity. Assuming that ck!9 is not a complex locus (no

other open reading frames are present in the non-coding
sequences the PPI 87B gene), suppression of position
effect variegation must result from a mutation in the

gene for PP1 87B, and not an overlapping gene: As PP1
" activity is required to control condensation of the chro-
" mosomes durmg mitosis, it is perhaps. not surprrsmg

that this enzyme also plays a role in regulating the state

.of interphase chromatin. It will be of considerable in-

terest to try and identify hyperphosphorylated protems

-in mutant larvae whrch are defectrve in PPI 87B
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