
matlc dark-state structure (2) Fe,,,,p,l 1 values 
were calculated by near  extrapolat~on from F,,,,l 
and F ,,, ,sl,t ,,,,, 1, by assumng eoua occupances 
of dar l  and bleached conformers n the photosta- 
tlcnary state IF ,,.,,,,,.,, I = 2 x (lF~,-,,.ostsl,nrsr,l - 
F,,,,) - F,,.,l. To enable structural changes and 
reduce model bas, we used the slowcool smuated 
annealng protcco In XPLOR w~ th  a 10-fold n -  
creased weghtng rato (I!d@) (25) between x-ray and 
stereochemca terms The resutng coordnates of 
the 10 selected resdues were combned w~ th  mono- 
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PTG, a Protein Phosphatase I-Binding Protein 
with a Role in Glycogen Metabolism 

John A. Printen," Matthew J. Brady," Alan R. Saltiel? 

Protein dephosphorylation by phosphatase PPI plays a central role in mediating the 
effects of insulin on glucose and lipid metabolism. A PPI C-targeting protein expressed 
in 3T3-L1 adipocytes (called PTG, for protein targeting to glycogen) was cloned and 
characterized. PTG was expressed predominantly in insulin-sensitive tissues. In addition 
to binding and localizing PPl C to glycogen, PTG formed complexes with phosphorylase 
kinase, phosphorylase a, and glycogen synthase, the primary enzymes involved in the 
hormonal regulation of glycogen metabolism. Overexpression of PTG markedly in- 
creased basal and insulin-stimulated glycogen synthesis in Chinese hamster ovary cells 
overexpressing the insulin receptor, which do not express endogenous PTG. These 
results suggest that PTG is critical for glycogen metabolism, possibly functioning as a 
molecular scaffold. 

T h e  critical role of protein phosphorylation 
in the regulation of glucose and lipid metab- 
olism has been recognized since the pioneer- 
ing work of Krebs and Fischer in the 1950s 
(1 ). Insulin modulates many of the inetabol- 
ic rate-lim~ting enzymes by promoting their 
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net dephosphorylation, due to the activation 
of the type 1 serine-threonine protein phos- 
phatase 1 (PP1) (2).  Although the signaling 
pathways linking the insulin receptor to PP1 
act~vation remain uncertain (3), the catalyt- 
ic subunit of PP1 (PPlC) is thought to be 
maintained at discrete cellular locat~ons in 
order to ensure the specificity of protein 
dephosphorylation produced by insulin (4). 
In mammals, two tissue-specific proteins 
have been identified that target PPlC to 
glycogen. RG1 encodes a protein product of 
124 kD that is present in both heart and 
skeletal muscle (5). GL encodes a 33-kD 
glycogen and PPlC-binding subunit ex- 

pressed exclusively in liver (6).  Although 
phosphorylation of RG1 by the mitogen- 
activated protein kinase pathway was impli- 
cated in the regulation of PP1 activity (7), 
numerous studies have demonstrated that 
this phosphorylation cascade is neither nec- 
essary nor sufficient for the regulation of 
glycogen synthesis by insulin (8, 9). 

We used 3T3-L1 adipocytes, which are 
highly responsive to insulin, to identify 
PPlC-binding proteins that might be in- 
volved in insulin-mediated regulation of 
glycogen metabolism. A 3T3-L1 adipocyte 
cDNA library ( 1  0) fused to the Gal4p tran- 
scriptional activation domain was screened 
for proteins that interact with a Gal4p- 
PPlC DNA-b~nding domain fusion (1 1 ). 
Library plasrnids expressing interacting pro- 
teins were identified by the abil~ty to induce 
transcription of the integrated GAL1-lacZ 
reporter. One class of interacting cDNAs, 
typified by clone B1-1, consistently gave 
the highest levels of P-galactosidase (P- 
Gal) activity when plated on X-Gal-con- 
taining media. Partial DNA sequence from 
the GAL4 fusion junction followed by a 
BLAST search revealed that the cDNA 
contained in clone Bl-l  was homologous to 
previously cloned PPlC glycogen-localizing 
subunits. Sequencing of an additional clone 
(B2-2) from the same class provided a prob- 
able translational initiation site (1 2).  The 
PPlC-interacting cDNA contained in 
clones Bl-l  and B2-2 was named PTG 
(protein targeting to glycogen). 

PTG has amino acid sequence similarity 
to known glycogen-binding subunits of 
PPlC (Fig. 1). PTG is most similar to G, 
(42% identity, 60% similarity), with less 
similar~ty to the skeletal muscle protein RG1 
(26% identity, 49% similarity) and the yeast 
glycogen-binding subunit Gacl (27% iden- 
tity, 50% similarity) (13). The phosphoryl- 
ation sites in RG1 that have been implicated 
in hormonal control of PPlC activity (7) are 
not conserved in PTG. 

Northern (RNA) analysis of rat tissue 
revealed a PTG transcript of 3.0 kb ex- 
pressed in all tissues except testis, being 
most abundant in skeletal muscle, liver, and 
heart. The 3.0-kb PTG transcript was also 
detected when 3T3-L1 fibroblasts were in- 
duced to differentiate into adipocytes (14), 
a transition correlated with a substantial 
increase in insulin sensitivity, including the 
stimulation of glycogen synthesis (1 5). 

To determine whether PTG binds sirnul- 
taneously to PPlC and glycogen, we evalu- 
ated their association in intact cells. A 
FLAG epitope-tagged PTG construct (pF- 
PTG) (1 6)  was transiently transfected into 
Chinese hamster ovary cells overexpressing 
the insulin receptor (CHO-IR) (17), fol- 
lowed by iinmunoprecipitation with anti- 
bodies to FLAG (anti-FLAG) (1 8) and sub- 
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sequent immunoblotting with anti-PPlC. 
PPlC was coimmunoprecipitated from cell 
lysates with anti-FLAG-PTG (Fig. ZA), 
demonstrating direct association of PPlC 
with PTG. To determine the subcellular 
localization of PTG, we fractionated simi- 
larly transfected CHO-IR cells by dif- 
ferential centrifugation (19) followed by 
SDS-polyacrylamide gel electrophoresis 
(PAGE) and immunoblotting with anti- 
FLAG. FLAG-PTG in the 14,000g super- 
natant localized exclusively to the glyco- 
gen-enriched cell fraction (Fig. 2B). Immu- 
noblotting of these same samples with anti- 
PPlC showed that overexpression of 
FLAG-PTG in these cells caused a marked 
redistribution of PPlC from the cytosol into 

the glycogen pellet (Fig. 2C). Thus, PTG 
can simultaneously and specifically associ- 
ate with both PPlC and glycogen in intact 
cells. 

To determine whether PTG is involved 
in the localization of glycogen-metabolizing 
enzymes and of the kinases and phosphatases 
involved in their regulation, we performed in 
vitro binding assays with a g1utathione-S- 
transferase (GST)-PTG fusion protein (20). 
Glutathione-Sepharose-bound GST-PTG 
was incubated with purified enzymes and 
assayed for the ability to form stable com- 
plexes (21 ). Glycogen synthase activity (Fig. 
2D) and phosphorylase a (Fig. 2E) were spe- 
cifically associated with GST-PTG, but not 
with an unrelated fusion protein, GST- 

PTPlB. Phosphorylase kiase, which con- 
verts phosphorylase from the inactive b form 
to the active a form, was also tested for 
PTG-binding activity. Calcium-stimulated 
phosphorylase kinase activity (22) was spe- 
cifically associated with GST-PTG, but not 
with GST-PTPlB (Fig. 2F). 

To characterize the specificity of these 
protein-protein interactions in the intact 
cell, we precipitated these enzymes from 
3T3-L1 lysates with immobilized GST-PTG 
(23). The results summarized in Table 1 
indicate that under identical conditions, 
PTG can form complexes with PPlC and 
phosphorylase kinase, but not with the type 
I1 serine-threonine phosphatase PPZA nor 
cyclic AMP (CAMP)-dependent protein 

PTG 1 A B supematant 14.0339 Gh/mgen pellet 
GL 1 
RGI 1 WG-pTG - + - + - + 
Gacl is4 

42 

31 

IP: Anti-FLAG IB: Anti-FLAG 
IB: Ami-PPlC 

+G-6-P 

P. 

IB. Anti-PP1C GST-PTPI B GST-PTG 

GST-PTG 
F 

Fig. 1 (la). Sequence comparison of PTG with glycogen-localizing 
subunits of PP1 C. The boxed regions represent areas of similarity, and 
the conserved residues are indicated by shading. Phosphorylation sites 
1 and 2 of RG1 are indicated by asterisks. The nucleotide sequence of 
PTG has been deposited with GenBank (accession number 
U89924). Fig. 2 (right). PTG localizes PPlC to the glycogen-en- 
riched pellet and binds glycogen-metabolizing etizyrnes. (A) PPlC 

294 binds PTG in vivo. pCI-neo-expressing FLAG-PTG (+) or lacZ (-) from 
284 the CMV promoter was transiently transfected into CHO-IR cells and 
304 
488 

irnmunoprecipitated from cell lysates with antibodies directed against 
the FLAG epitope. Precipitates were analyzed by SDS-PAGE, trans- 
ferred to nitrocellulose, and blotted with polyclonal antibodies to PP1 C. 

(B) PTG partitions to the glycogen pellet. Lysates from pFLAG-PTG-transfected (+) or mock-transfected (-) CHO-IR cells were fractionated by centrifugation 
into 140009 supematant, cytosol, or glycogen pellet, and proteins were subjected to SDS-PAGE and immunoblotted with anti-FLAG. (C) PTG overexpression 
causes translocation of PPlC to the glycogen pellet. Lysates from pFLAG-PTG-transfected (+) or untransfected (-) CHO-IR cells were fractionated by 
centrifugation and immunoblotted as in (B) to determine relative levels of PP1 C contained in the various fractions. (D) PTG binds glycogen synthase. GST-PTG 
(1 00 pI) bound to glutathione-Sepharose beads was resuspended in 725 p1 of glycogen synthase buffer [50 mM Hepes (pH 7.8), 100 mM NaF, 10 mM EDTA] 
plus 25 pI of purified glycogen synthase, followed by incubation at 4OC for 1 hour with gentle mixing. The Sepharose beads were washed four times with 
glycogen synthase buffer and assayed for glycogen synthase activity (expressed as nanomoles of UDP-glucose incorporated per 15 min) (21). (E) PTG binds 
phosphorylase a. 32P-labeled phosphorylase a (25 pg) was incubated with the indicated fusion protein immobilized to glutathione-Sepharose beads for 1 hour 
at 4°C in homogenization buffer, containing 0.1 % BSAand 0.1 5 M NaCI, followed by washing four times with buffer before the addition of SDS sample buffer. 
Proteins were separated by SDS-PAGE, and the gel was exposed to film. Assays were performed in duplicate (1 and 2). (F) PTG binds phosphorylase kinase. 
Bacterially expressed GST-PTG (50 pI) bound to glutathione-Sepharose beads was incubated with 10 pg of purified phosphorylase kinase in homogenization 
buffer. Samples were incubated for 30 min at 4OC, washed four times with the same buffer, and assayed for phosphorylase kinase activity (21). 
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kinase (PKA), demonstrating the specifici- 
ty of binding for both phosphatases and 
kinases to PTG. As seen in the in vitro 
binding assays, glycogen synthase from cell 
extracts could also efficiently bind to GST- 
PTG. Taken together, these results imply 
that PTG can complex with each of the key 
proteins involved in regulating glycogen 
metabolism, although it is unclear whether 
all of the glycogen-metabolizing enzymes 
are bound to a single PTG molecule or if 

Table 1. Enzymatic activity associated with im- 
mobilized GST-PTG fusion protein. Immobilized 
PTG or PTP-1 B GST-fusion proteins were incu- 
bated with cell extracts prepared from 3T3-L1 
adipocytes, followed by extensive washing to re- 
move nonspecifically bound proteins. Enzymatic 
activity was determined as described (23). Phos- 
phatase activity is expressed as picomoles of PO, 
released per minute, kinase activity as picomoles 
of PO, incorporated per minute, and synthase 
activity as picomoles of UDP-glucose incorporat- 
ed per minute. Results are expressed as means of 
triplicate determinations (2  SD) and are represen- 
tative of experiments that were repeated twice. 

Enzyme 

Phosphorylase 
kinase 

PKA 

Glycogen 
synthase 

Activity 

GST-PTG GST-PTP-1 B 

1.15 2 0.08 0.0 2 0.05 
0.06 + 0.04 0.10 + 0.01 

individual binding sites are shared between 
one or more proteins. 

To determine whether insulin altered 
the ability of PTG to form protein complex- 
es, we stimulated cells with insulin and 
assayed the protein-protein associations. In- 
sulin treatment of CHO-IR cells expressing 
FLAG-PTG did not affect the formation of 
PPlC-PTG complexes (Fig. 3A). More- 
over, PTG itself was not phosphorylated in 
CHO-IR cells or 3T3-L1 adipocytes in re- 
suonse to insulin and was not a substrate in 
vitro for PKA or other protein kinases in 
lvsates from insulin-stimulated cells (14). . , 

Insulin also did not affect the association of 
PTG with glycogen synthase, although it 
did induce a downward shift in the electro- 
phoretic mobility of glycogen synthase in 
these cells (Fig. 3B), indicating that the 
dephosphorylated, active form of the en- 
zyme remained bound to PTG. Phosphoryl- 
ase kinase activity could also be coimmu- 
noprecipitated with PTG from 3T3-L1 adi- 
pocyte lysates (Fig. 3C). Although the 
amount of enzymatic activity found in these 
complexes was reduced in response to insu- 
lin. it is unclear whether this decrease is the 
result of inactivationofthe enzyme by dephos- 
phorylation or of decreased binding affinity 
for PTG. We were unable to detect phos- 
phorylase protein in either 3T3-L1 or 
CHO-IR cells, and it remains uncertain 
whether PTG can bind this enzyme in vivo. 

These findings prompted us to examine 
whether overexpression of PTG would in- 
crease basal or insulin-stimulated glycogen 
synthesis. CHO-IR cells express no detect- 

A B C D 

.- 
+ 100 nM insulin 

IB.Anb-glycogen 

IP: Anti-FLAG ln 

IB: Anti-PP1C 
20 

2 lo  Fig. 3. Effect of insulin stimula- n 
tion on PTG protein-protein in- 0 Basal lnsul~n - 
teractions and glycogen synthe- LacZ FLAG-PTG 

sis. Insulin does not affect PTG binding to (A) PP1 C, (5) glycogen synthase, or (C) phosphorylase kinase. 
(A) CHO-IR cells transiently transfected w~th pFLAG-PTG were serum-deprived for 3 hours before the 
addition of 100 nM insulin for 15 min. Cells were lysed In 400 pl of homogenization buffer, and 
FLAG-PTG was immunoprecipitated with anti-FLAG monoclonal antibody. Proteins were separated on 
a 4 to 20% SDS-polyacrylamide gel, transferred to nitrocellulose, and probed with anti-PP1 C. (B) 
3T3-L1 adipocytes were cultured and lysed as in (A). Lysates were immunoprecipitated with polyclonal 
antibodies raised against a bacterially expressed GST-PTG fusion protein, and immunoblots were 
probed with antibod~es to glycogen synthase. (C) Endogenous PTG was immunoprecipitated from 
3T3-L1 lysates treated as In (A), and PTG-associated phosphorylase kinase activity (expressed as 
picornoles PO, incorporated per minute) was determined (27). (0) Glycogen synthesis in CHO-IR cells 
overexpressing PTG. CHO-IR cells were grown to 40 to 50% confluency in six-well dishes and tran- 
siently transfected with pFLAG-PTG. Forty-eight hours after transfection, cells were serum-deprived for 
3 hours, and glycogen accumulation in intact pFLAG-PTG- or lacZ-transfected cells, in the presence or 
absence of 100 nM insulin, was determined (9). Only 20% efficiency of transfection was obtained in 
these experiments, suggesting that the 10-fold increase in maximal glycogen synthesis by PTG is 
substantially underestimated. Results are expressed as means of triplicate determinations (?SD) and 
were repeated in two separate experiments. 

able PTG transcri~t or urotein and have a 
low basal rate of glycogen synthesis, which 
increases -1.5- to 2-fold upon insulin 
treatment (Fig. 3D). Overexpression of 
PTG in the CHO-IR cells caused a seven- 
fold increase in the basal rate of glycogen 
synthesis. Exposure of these cells to insulin 
produced a further twofold increase, with 
total glycogen synthesis being increased over 
10-fold. Thus, PTG overexpression not only 
can increase basal glycogen synthesis, but 
also can markedlv increase maximallv insu- 
lin-stimulated glycogen accumulation in a 
poorly responsive cell line to a level compa- 
rable to that observed in insulin target cells 
(9). However. because the sensitivitv of . , 
these transfected cells to insulin rekains 
unchanged, and because insulin does not 
appear to modulate either PPlC-PTG bind- 
ing or PTG phosphorylation, PTG itself is 
not likely to be a direct target of insulin 
signaling. 

PPlC is present in almost all tissue 
types, not only in insulin-responsive cells 
(24). In addition to its association with 
glycogen, PPlC is found in the nucleus, 
cytoplasm, and other cellular compart- 
ments and is critical in many aspects of 
hormone action and secretion (25). De- 
spite its ubiquitous expression, numerous 
studies indicate that PP1 plays a key role 
in insulin action, particularly in the regu- 
lation of glucose and lipid metabolism. 
Moreover, insulin promotes the dephos- 
phorylation of only a limited number of 
substrates in its target cells (26). Taken 
together, these observations indicate that 
mechanisms must exist for the comuart- 
mentalized regulation of protein dephos- 
phorylation by insulin. PTG may fulfill an 
important role in this process, because it is 
exuressed in insulin-res~onsive tissues. 
This protein may assemble glycogen syn- 
thase, phosphorylase a, phosphorylase ki- 
nase, and PPlC onto the glycogen parti- 
cle, generating a metabolic module for the 
localized reception of the appropriate in- 
tracellular signals. It is likely that PTG is 
itself not a classical regulatory molecule in 
glycogen metabolism, but rather may serve 
as a molecular scaffold, allowing hormonal 
signals to specifically target the relevant 
glycogen-associated enzymes. 
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centrfuged at 2500g to remove n u c e  and unysed 
cells. The postnuclear supernatant was removed 
and centr~fuged for 15 m n  at 10 OOOg and 1 hour at 
100,000g to pellet plasma membranes and glyco- 
gen pellets, respectvey. The f n a  supernatant was 
called cytosol 

20. A 1 .O-kb Eco R1 fragment from clone B1 - I ,  encod- 
n g  resdues 8 to 293 of PTG, was subconed Into the 
Eco R1 s~te  of pGEX-5X-3 expression vector. Tile 

GST-PTG fuson proten was expressed n Esche- 
rlchia coli BL2liDE3)LysS and purlfled by aff~nity 22, 
chromatography on gutathone-Sepharose beads. 23, 

21. Glycogen synthase: 100 kl of GST-PTG or GST- 
PTPIB (20 kg) bound to glutath~one-Sepharose 
beads was resuspended n 725 PI of glycogen syn- 
thase buffer [50 mM Hepes (pH 7.8) 100 mM NaF. 
10 mM EDTA] plus 25 PI (0.1 U) of pur~fied glycogen 
synthase (Sgma). followed by incubaton at 4°C for 1 
hour with gentle mxng .  The Sepharose beads were 
washed four tmes with glycogen synthase buffer. 
brought to a f ~ n a  volume of 300 kl ,  and 50 k l  as- 
sayed for glycogen synthase activty by measurng 
the ncorporaton of uridne 5'-dphosphate (UDP)- 
['"C]gucose into glycogen, n the presence and ab- 
sence of 10 mM glucose-6-phosphate. Phosphor+ 
ase: 50 PI of fuson protein beads were added to 750 
kl of homogenzaton buffer contanng 0.15 M NaCl. 
0 1°6 bovne serum abumn (BSA), and 25 k g  of 
"P-abeed phosphoryase a The tubes were ncu- 
bated at 4'C for 1 hour, washed four tmes with 
homogenizaton buffer, and protens were separated 
by SDS-PAGE. followed by autoradiography. Phos- 
phoryase knase, Fuson proten beads (50 kl) were 
incubated w th  10 k g  of purlfed phosphoryase ki- 24. 

nase (Gibco-BRL) in homogen~zation buffer plus 
0.1 5 M NaCl and 0.1 ?a  BSA Incubated for 30 min at 
4% and washed four times with the same buffer. 25. 

Ten microters of beads and 2 k g  of phospho~ase  
b were assayed for 5 m n  at 37°C n 50 mM Hepes 
(pH 7.4). 10 mM MgCl, 1 p M  okadac acd,  and 20 26, 
FM [y-"PIATP (4000 cpm:pmol), in the absence 11 27. 
mM EGTA) or presence (0.5 mM) of Ca2-. At the end 
of the Incubation perod SDS-sample buffer was add- 
ed protens were separated by SDS-PAGE, and ra- 
d,oabeed phospho~ase  a was visualzed by auto- 

radography and quanttated by sc~nt~llat~on countng. 
E. G. Krebs et a / .  Biocliem~stry 3, 1022 (1964). 
Glycogen synthase phosphorylase kinase, and PKA 
assays: 3T3-L1 adipocytes were ysed n 1 m of 
homogenzaton buffer and Incubated w ~ t h  25 k g  of 
fus~on proteln ~mmobil~zed on glutath~one-Sepha- 
rose beads for 1 hour at 4 %  The beads were 
washed four tmes witii homogenzaton buffer and 
assayed for bound glycogen synthase in the pres- 
ence of glucose-6-phosphate (9) Phospho~jase k -  
nase ac tv~ty  was determned as above (21). PKA 
actv~ty  was determned w t h  bacterially expressed 
NH,-terminal porton of RGl  (5 kg)  n the presence 
and absence of 0.1 mM d~butyryl-cycc AMP 
(dbcAMP). PPl and PP2A: 3T3-L1 ad~pocytes 
were ysed n 1 m of homogenizat~on buffer and 
Incubated as above w ~ t h  fuson protein. After ex- 
tensve washng, the beads were assayed for phos- 
phatase actvity n the presence of 0, 3, and 500 nM 
okadac acid. Actvity loss between 0 and 3 nM is 
attrbuted to PP2A activity; loss between 3 and 500 
nM is due to PPl ac tv~ty  (2). Okadac a c d  (500 nM) 
completely inhbited a phosphatase ac tv ty  on the 
beads or in the startng extract. 
H. Shma et a/., Bioche~n. B~oph)/s. Res. Commwi. 
192. 1289 (1993): H. Shma er a/., !bid. 194. 930 
(1 993). 
S. Shenokar and A C. Narn, Adv. Second ivlessen- 
gerPhosphop1-otelnRes. 23.1  (1991). S. Shenokar, 
Annii. Rev. Cell B!ol. 10  55 (1 994) 
A R. Saltiel, FASEB J. 8, 1034 (1 994). 
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Block in Anaphase Chromosome Separation 
Caused by a Telomerase Template Mutation 

Karen E. Kirk,* Brian P. Harmon, Isabel K. Reichardt, 
John W. Sedat, Elizabeth H. Blackburnl- 

Telomeres are essential for chromosome stability, but their functions at specific 
cell-cycle stages are unknown. Telomeres are now shown to have a role in chromo- 
some separation during mitosis. In telomeric DNA mutants of Tetrahymena ther- 
mophila, created by expression of a telomerase RNA with an altered template 
sequence, division of the germline nucleus was severely delayed or blocked in an- 
aphase. The mutant chromatids failed to separate completely at the midzone, be- 
coming stretched to up to twice their normal length. These results suggest a physical 
block in mutant telomere separation. 

Telolneres  "cap" the  termini of eukaryot- 
ic chromosomes. Chro~nosonles lacking 
telolueres u n d e r ~ o  fus~on .  deoradation. - , <> 

and extre~nely  high loss rates (1-3). Ho\\r- 
ever, there 1s llttle ~nfor lnat ion o n  the  
m e c h a n ~ s m  by \vhlch telotneres ensure 
chromosome s tabi l~ty ,  or a t  what cell-cy- 
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cle stage their job is performed. 
In the ciliated protozoan Tetrahymena 

thrnnophih the transcriptionally actlve, poly- 
ge~lolnic macronucleus divides am~totically, 
whereas the diploid gerlnllne mlcronucleus, 
ivith its chromosomal complement of five 
pairs of metacentric chromosomes, dlvides 
m~totlcallv 14). T h e  telomer~c DNA tracts of , ~ 

the two n u c l e ~  have the same terminal 
GGGGTT repeat sequence, although the 
tracts are markedly different in overall 
length (5). Whereas macronuclear telo~neres 
ulav a cruc~al  role In atn~totic macronuclear . ,  
d~visions (6), the fu~lction of ln~cronuclear 
telo~neres has not been examined. Mlcro- 
nuclear chromosomes are trancriutionallv 
quiescent and mostly dispensable for vegeta- 
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