Autocatalytic proteolysis of the transcription
factor-coactivator C1 (HCF): A potential
role for proteolytic regulation of

coactivator function

Jodi L. Vogel and Thomas M. Kristie*

Laboratory of Viral Diseases, National Institutes of Health, Building 4, Room 133, 9000 Rockville Pike, Bethesda, MD 20892

Communicated by Phillip A. Sharp, Massachusetts Institute of Technology, Cambridge, MA, June 9, 2000 (received for review April 3, 2000)

Site-specific proteolysis is an important biological mechanism for
the regulation of cellular processes such as gene expression, cell
signaling, development, and apoptosis. In transcriptional regula-
tion, specific proteolysis regulates the localization and activity of
many regulatory factors. The C1 factor (HCF), a cellular transcrip-
tion factor and coactivator, undergoes site-specific proteolytic
processing at a series of unusual amino acid reiterations to gen-
erate a family of amino- and carboxyl-terminal polypeptides that
remain tightly associated. Expression and purification of bacteri-
ally expressed domains of the C1 factor identifies an autocatalytic
activity that is responsible for the specific cleavage of the reiter-
ations. In addition, coexpression of the autocatalytic domain with
a heterologous protein containing a target cleavage site demon-
strates that the C1 protease may also function in trans.
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S ite-specific proteolysis plays a significant role in the regula-
tion of many basic cellular processes. The control of choles-
terol metabolism by proteolytic regulation of transcription factor
SREBP (1, 2), the cleavage of amyloid precursor protein that
may affect the development of Alzheimer’s disease (3-6), the
proteolytic activation of Notch during development (7-12), the
intricate pathway of proteolytic targeting resulting in cell apo-
ptosis (13-16), and the assembly of viral infectious particles (17)
illustrate the importance and diversity of site-specific proteolysis
in the regulation of both normal cellular as well as disease
processes.

The C1 factor, a unique transcription factor, was identified as
a required component of the herpes simplex virus (HSV)
immediate early gene enhancer complex (18-24). A cellular
protein, the factor functions as the coordinator of the enhancer
assembly by direct interactions with the cellular POU-
homeodomain protein Oct-1 (25) and the viral encoded trans-
activator a-trans-induction factor [« TIF (VP16)] (24, 26, 27).
The Cl1 factor also interacts with GA-binding protein (GABP)
and Spl (28), cellular transcription factors whose binding sites
are adjacent to the core and contribute to the enhancer regu-
lation (29-31). In addition, the factor also functions as a
transcription coactivator for proteins such as GABP (28). Most
significantly, the C1 factor may play a critical role in the
regulation of HSV lytic-latent cycle, as the protein is uniquely
sequestered in the cytoplasm of sensory neurons and is relocal-
ized to the nucleus upon signals that reactivate latent virus in
these cells (32).

As illustrated in Fig. 1, the C1 factor is expressed as a 230-kDa
precursor containing a series of unique 20-amino acid reitera-
tions (23, 33). Amino-terminal sequencing of the products
isolated from mammalian cells demonstrated these repeats
(VCSNPPCETHETGTTNTATT) and an additional sequence
(102 cleavage site, SNMSSNQDPPPAASDQGEVE), located
directly carboxyl terminal to the reiterations, are the sites of

Transcription
Activation

N-localization
COOH

C-C regulation
Transcription factors
Coactivators

HSV Regulation
Oct-1, oTIF, GABP

Proteolytic Processing Domain
Amino Acid Repeats

RPT-1  GTVIL VCSNPPCETHETGTTNTATT TVVA
RPT-2  GSVVR VCSNPPCETHETGTTNTATT ATSN
RPT-3  MAGQH GCSNPPCETHETGTTNTATT AMSS
RPT-4  ATVTQ VCSNPPCETHETGTTNTATT SNAG
RPT-5  GSAQR VCSNPPCETHETGTTHTATT ATSN
RPT-D  EGGQQ PPAGRPCETHQTTSTGTTMS VSVG
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Fig. 1. Functional domains and proteolytic processing of the C1 factor. A
schematic representation of the C1 factor is shown with the functional do-
mains indicated. The amino terminus (NH2) contains domains involved in
interaction with transcription factors such as Oct-1, aTIF, GABP, and LZIP, as
well as other coactivator proteins. In addition, a mutation in the NH2 results
in a temperature sensitive cell-cycle Go-G1 block (C-C). The central proteolytic
processing domain (PPD) contains the C1 factor reiterations (VCSNPPCETH. . .
) and the 102 cleavage site (SNQDPPPAAS. . .). The carboxyl terminus encodes
the transactivation domain and nuclear localization signal (N-localization).
The sequence of the C1 factor 20 amino acid reiterations and 102 cleavage site
are aligned and the cleavage positions are indicated.

specific proteolytic processing that generates a family of amino-
and carboxyl-terminal polypeptides ranging from 180 kDa to 102
kDa (33). Interestingly, the processing of the C1 factor results in
polypeptides that do not segregate but rather remain tightly
associated (23, 24), suggesting that processing of C1 may be a
mechanism for regulating the activity of the protein.
Strikingly, the amino- and carboxyl-terminal domains of the
C1 factor are both functionally distinct and functionally inter-
dependent. As schematically illustrated in Fig. 1, the amino
terminus of the protein contains sites for interaction of the factor

Abbreviations: HSV, herpes simplex virus; GABP, GA-binding protein; GST, glutathione
S-transferase; oTIF, a-trans-induction factor.
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with the HSV enhancer components Oct-1, o« TIF, and GABP as
well as additional cellular transcription factors (LZIP) and
coactivators (28, 34-36). The amino terminus has also been
implicated in the control of cell cycle as a mutation (P134S)
results in a temperature-sensitive Go-G; block (37). In contrast,
the carboxyl terminus contains the sole nuclear localization
sequence (38) as well as the protein’s transactivation domain
(data not shown).

To characterize this unusual processing, the mechanism of
proteolysis was investigated. The results demonstrate that the C1
factor repeats are cleaved by an autocatalytic activity defining an
additional functional domain of the protein. The catalysis sug-
gests that the processing is involved in the regulation of the
protein activity.

Materials and Methods

Polyclonals, Monoclonals, Western Blots, and Immunofluorescence.
The characterization of antigen affinity-purified anti-C1 poly-
clonal antibodies (Ab2125, Ab2159, Ab2131, and Ab2126) has
been described (33, 39). Immunoprecipitation and Western
blot analyses using anti-C1 affinity purified antibodies were as
described (33, 39). Monoclonal antibodies (mAbAEL,
mAbJAS, and mAbKG?2) were produced against SDS/PAGE-
purified fusion proteins expressed in Escherichia coli according
to standard procedures and were screened by ELISA, Western
blot, and immunoprecipitation assays for specific reactivity
to the Cl-derived antigen. Purified mAbs from ascites fluids
were produced with selected monoclonal cell lines according
to standard procedures. Immunofluorescent localization of the
C1 factor in NIH 3T3 cells was done essentially as described
(33).

Expression and Purification of Fusion Proteins. Oligonucleotides
encoding a six-histidine tag were inserted in the EcoRI site of
pGEXIA (Amersham Pharmacia) to generate pGEXI1Ahis.
DNAs encoding domains of the C1 factor were ligated in-frame
to generate amino-terminal glutathione S-transferase (GST)
carboxyl-terminal histidine tag fusion proteins pGST5cahis (C1
amino acids 1177-1787), pGST5caAl (amino acids 1177-1525),
and pGST5caA2 (amino acids 1270-1525). Control plasmids
contained the C1 DNA inserts in the opposite noncoding
orientation (pGST5cainv). pRptl-6ppa and pRpt4-6ppa con-
tained C1 DNA sequences coding for amino acids 1003-1463 and
1278-1463, respectively, in pET21d (Novagen). The expression
and purifications of these proteins by Ni-affinity chromatogra-
phy (Novagen) were as recommended by the manufacturer in the
presence of 6 M GuHCI. Proteins eluted from the resin were
dialyzed to 50 mM Tris, 10% glycerol, 150 mM NaCl, 0.1 mM
EDTA, and 5 mM DTT.

Denaturation-Renaturation Assays. Aliquots of Ni-affinity purified
proteins were resolved by SDS/PAGE and visualized by KCI
staining. Full-length fusion proteins and control proteolytic
products were eluted in buffer A (50 mM Tris, pH 7.9/0.1%
SDS /200 mM NaCl/0.1 mM EDTA /5 mM DTT), precipitated
with acetone, solubilized in buffer B (50 mM Tris, pH 7.9,/150
mM NaCl/0.1 mM EDTA /1 mM DTT/20% glycerol) with 6 M
guanidine HCI, and dialyzed to buffer B. Full-length GST5cahis
was isolated, denatured, and renatured as described above in the
presence of various protease inhibitors or a protease inhibitor
mixture (Complete, Boehringer Mannheim). Equivalent aliquots
of the reactions were resolved by SDS/PAGE, transferred to
immobilon, and visualized by Western blot analysis with anti-C1
Ab2125 and Ab2131. Precursor and products were quantitated
by chemifluorescence (Molecular Dynamics Storm). For analysis
of the effect of denaturants on the autoproteolysis activity,
aliquots of purified GST5cahis protein were treated with gua-
nidine HCI, urea, deoxycholate, or were heat-treated at 65°C in
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Fig. 2. Processing of GST-5ca-his in E. coli. The structure of GST-5ca-his is

illustrated relative to the WT C1 protein. The C1 factor reiterations and 102
cleavage site are represented by the filled rectangles and oval, respectively.
The appropriate amino terminus derived by cleavage at the C1 repeat (THETG)
or 102 site (PPPAAS) is shown as well as the amino terminus of the GST protein
(MSPIL). A representative affinity-purified preparation of GST-5ca-his was
resolved by SDS/PAGE and was subjected to Western blot analysis with C1-
and GST-specific antisera. The amino-terminal sequences of isolated polypep-
tides from several preparations are shown: SMP, sample; SEQ-RD, NH2 se-
quence read; SEQ, deduced NH2 sequence; and ID, identified cleavage. Be-
cause of the complexity of the protein profile, numerous products from
several independent protein preparations were sequenced, and the compiled
nonredundant product sequences are listed. Multiple sequences indicate that
the sample contained major and minor polypeptides.

buffer C (20 mM Tris, pH 7.4/100 mM NaCl/5% glycer-
0l/0.05% Nonidet P-40 /10 mM BME) for 30 min before dialysis
to buffer C. Aliquots of reactions were resolved by SDS /PAGE,
transferred to immobilon, and stained with Coomassie brilliant
blue. The blots were subsequently developed for chemilumines-
cence or quantitative chemifluorescence (Molecular Dynamics
Storm).

Amino-Terminal Sequencing. Aliquots of bacterial protein prepa-
rations or reaction mixtures were resolved by SDS/PAGE,
transferred to immobilon, and stained with Coomassie brilliant
blue. Polypeptides selected for amino-terminal sequencing were
based on Western blot analysis using anti-C1, anti-GST, and
anti-histag antibodies. The amino-terminal sequences of excised
bands were determined by standard procedures (Mark Garfield,
Twinbrook II, Research Technologies Branch, Structural Biol-
ogy Section, National Institutes of Health).

Transcleavage System. Oligonucleotides encoding C1 cleavage
sites 2-3 (amino acids 1074-1126) were inserted in-frame in the
linker domain of the bacteriophage A cl repressor cassette
pcl.Bss-pAlterEX2 as described (40) to generate pcl.rpt2-3.
JM109 E. coli cells were cotransformed with pcl.Bss-pAlterEX2
or pcL.rpt2-3 and pGSTScahis1A or pGSTScahisinv as described
(40). The expression of GST5cahis was induced in cultures of the
cotransformed strains with 1.5 mM IPTG for 1 h. The cultures
were pelleted by centrifugation and resuspended to an equiva-
lent ODggo. Equivalent aliquots of the cultures were resolved by
SDS/PAGE, transferred to immobilon, and stained with Coo-
massie brilliant blue to ensure equivalent extract protein extract
loading. The blots were subsequently probed with anti-A cI sera
(gift of J. Roberts, Cornell University, Ithaca, NY) and devel-
oped for chemiluminescence or quantitative chemifluorescence
(Molecular Dynamics Storm).
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Fig. 3. Autocatalytic processing of GST-5ca. Aliquots of affinity-purified
preparations (Prep) of GST-5ca-his and Rpt4-6-his were resolved along with
gel-purified, renatured full-length (FL) protein and cleavage products 4/5
(4/5). The amino-terminal sequences of isolated polypeptides from the GST-
5ca-his denaturation-renaturation reaction are shown, along with the iden-
tification of the cleavage site.

Results

Proteolytic Processing of C1 Fusion Proteins Expressed in E. coli. In the
course of functional analysis of the C1 factor, a number of C1
domains were expressed in E. coli. As shown in Fig. 2, GST-
Sca-his fusion protein was produced encoding C1 amino acids
1177-1787. This fusion contained Cl1 reiterations 4-6, the 102
cleavage site, and a portion of the carboxyl terminus. Upon
expression in E. coli, the resulting purified protein preparation
contained a series of polypeptides ranging from the 95-kDa
full-length fusion to 27-kDa polypeptides. The pattern of
polypeptides remained consistent in several preparations and
purification procedures. As shown in Fig. 2, a representative
preparation was subjected to Western blot analysis with anti-C1
sera Ab2125 and anti-GST. Ab2125 detected the full-length
polypeptide as well as proteins from 87 to 45 kDa. In contrast,
anti-GST reacted with the full-length protein and polypeptides
primarily in the 50- to 27-kDa range.

To determine whether these polypeptides resulted from the
appropriate proteolysis of the C1 factor fusion protein in E. coli,
selected proteins were subjected to amino-terminal sequencing.
As shown in Fig. 2, the amino terminus of several polypeptides
corresponded to the correct proteolytic cleavage of the C1 factor
repeats (THETG. . . ). Furthermore, similar to mammalian cells,
the most abundant polypeptide was derived by processing at the
102-kDa site (PPPAASDAQ. . .). Interestingly, in addition to the
correct cleavage species, the preparation also contained several
polypeptides whose amino termini were exactly 5 amino acids
carboxyl terminal to the natural mammalian cleavage position in
repeat 5 and repeat 6 (TTHTATTATSN vs. THETGTTH-
TATT). As discussed below, these products may reflect an
altered recognition of the cleavage site.

Autocatalysis of the C1 Factor in Vitro. The appropriate proteolysis
of the GST-5ca-his in E. coli suggested that this portion of the
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Fig. 4. Characterization of the C1 factor autoproteolytic activity. (Upper)
Full-length GST-5ca-his (FL) was isolated by SDS/PAGE and was incubated in
the absence (—) or presence of the indicated protease inhibitor: mix, inhibitor
mixture; apr, aprotinin, 5 pug-ml~'; EDTA, 1 mg-ml~'; pef, pefablock, 0.5
mg-ml~7; leu, leupeptin, 2 ug'ml~"; bes, bestatin, 40 ug-m|~'; e64, 10 ug-ml~";
phos, phosphoramidon, 200 ug-ml~". (Lower) Aliquots of purified GST-5ca-his
were subjected to denaturation procedures as follows: (—), no treatment; °C,
65°C; doc, deoxycholate; guhcl, guanidine HCl; and urea. Quantitation of the
precursor and 102 site cleavage products (102 prod) was as described.

protein might encode an autocatalytic activity. Therefore, the
full-length 95-kDa fusion protein as well as control proteolytic
products were purified to homogeneity by SDS/PAGE, iso-
lated, and renatured. As shown in Fig. 3, renaturation of
purified eluted full-length protein (FL) resulted in a polypep-
tide pattern that was nearly identical to the initial GST-5ca-his
preparation (Prep). In contrast, the proteolytic products rep-
resenting the amino-terminal GST (band 5) and the 102
cleavage product (band 4) did not exhibit any additional
degradation. The amino-terminal sequences of the polypep-
tides derived from the renaturation reaction demonstrated
that these proteins resulted from appropriate proteolytic
processing at rpt 5, rpt 6, and the 102 sites [THETG.. and
PPPAAS (Fig. 3)]. Furthermore, in contrast to the products
detected in the directly purified bacterial preparation (refer to
Fig. 2), no products were identified with altered cleavage sites.
These results indicated that the C1 factor contained an
autocatalytic activity responsible for the proteolysis of the C1
factor to generate the family of NH2- and COOH- polypep-
tides. However, although the full-length protein was purified
by SDS/PAGE, a slight possibility remained that the C1
reiterations were the target of a bacterial protease. Therefore,
Rpt4-6-his, containing the C1 reiterations 4, 5, and 6, was
expressed and purified in a similar manner. As shown in Fig.
3, no cleavage products of Rpt4-6-his were detected either in
the initial expression preparation or after purification and
renaturation of the full-length protein. The results indicated
that the C1 factor reiterations are not proteolytically processed
by an endogenous bacterial protease. Furthermore, these
cleavage site repeats are not sufficient to enact autocatalytic
cleavage.

Characterization of the C1 Factor Autoprocessing Activity. In using
the purification-renaturation assay of the full-length GST-5ca-
his fusion protein as described, the C1 autoproteolytic activity
was classified by inhibitor analysis. As shown in Fig. 4 Upper, a
protease inhibitor mixture significantly suppressed the genera-
tion of the major 102 proteolytic product. The inhibition of
product formation in the presence of protease inhibitors clearly
indicates that the cleavage products are not polypeptides that
copurify with the full-length GST-5ca-his but are, rather, auto-
catalytic products. Therefore, renaturation of GST-5ca-his was
done in the presence of various serine, aspartate, and cystein
protease inhibitors. After quantitation of the precursor and the
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Fig.5. Transcleavage of a heterologous target protein. The structures of the
transcleavage assay coexpression plasmids are schematically illustrated.
pcl.rpt2-3 expresses the cl repressor containing C1 repeats 2-3 whereas
pGST5cahis expresses the indicted C1 fusion protein. The steady state levels of
the target cl repressor are shown in the cl Western blot for the coexpression
cultures containing pcl.rpt2-3 or the control pcl.Bss and either GST-5ca (5ca),
GST-5cainv (inv), or pgst-1A control vector (C). (—) and (+) indicate uninduced
and induced cultures, respectively. Chemifluorescent quantitation of the
precursor cl.rpt2-3is graphically illustrated relative to the control culture. Only
the precursor protein is monitored as the cleavage products are rapidly
degraded (H. J. Sices and T.M.K., unpublished observations).

102 product, only the irreversible serine protease inhibitor
pefabloc was highly effective in suppressing the autocatalysis.

Although processing of the C1 factor in mammalian cells is
efficient, processing of the GST-5ca-his in E. coli or in vitro was
relatively inefficient, suggesting that appropriate protein folding,
cofactors, modification, or accessory proteins may play a role in
regulation of the catalysis. To address the effects of folding of the
fusion protein, the full-length protein was subjected to various
denaturing agents. Aliquots of the purified preparation were
heated to 65°C or were incubated with deoxycholate, guanidine
HCI, or urea. After dialysis, the reactions were resolved by
SDS/PAGE, and the precursor and 102 product were quanti-
tated. As illustrated (Fig. 4 Lower), each treatment stimulated
the generation of the major proteolytic product, although treat-
ment with deoxycholate was most effective. In contrast, neither
the addition of Ca?*, Zn?>*, Mn?*, or Mg?" nor prolonged
incubation periods had any significant effect upon the activity
(data not shown).

Previously, insertion of C1 processing sites in a donor protein
(Oct-1) resulted in inefficient processing of the target in mam-
malian cells (41), suggesting that the C1 factor proteolytic
activity may also function in trans. Therefore, this was investi-
gated by using an E. coli coexpression assay as illustrated in Fig.
5 (40). The C1 cleavage sites 2-3 (amino acids 1074-1122) were
inserted into the linker domain of the bacteriophage A cl
repressor cassette. The cl.rpt2-3 target protein or the control
cL.Bss were coexpressed with GST-5ca or GST-5cainv containing
the C1 sequences inserted in the noncoding orientation. After
induction of the expression of the C1 construct, the cleavage of
the targets were monitored by quantitative chemifluroescent
analysis using anti-cl sera. The induction of GST-5ca resulted in
a significant reduction in the steady-state levels of cl.rpt2-3,
indicating that the C1 factor protease could effectively function
in trans. In contrast, no change was evident in the absence of
induction or after induction of the control. Furthermore, the
specificity of this trans-cleavage reaction for the C1 factor
repeats is illustrated by the lack of processing of the control
parental cl.Bss repressor.
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Fig. 6. Immunofluorescent localization of C1 factor processing. (Upper)
Aliquots of the illustrated bacterially expressed C1 proteins were resolved by
SDS/PAGE, and transferred blots were probed with the indicated polyclonal
or monoclonal sera. (Lower) 3T3 cells were stained with the indicated anti-C1
polyclonal or monoclonal sera. Rb-2° and Ms-2° are controls stained only with
secondary antibodies.

Localization of C1 Processing. Previous studies had suggested that
the processing of the C1 factor occurred in the nucleus of
mammalian tissue culture cells (41). However, these studies used
constructs encoding the C1 protein in transfection assays and did
not address the processing of the endogenous protein. There-
fore, monoclonal antibodies were developed to distinct domains
of the C1 protein including sequences between repeats 3 and 4
(interrepeat domain). The determinants and specificity of these
antibodies were determined by ELISA assays, Western blots,
and/or immunoprecipitations (data not shown). mAbJA5 and
mAbKG2 were produced against the proteolytic processing
domain whereas mAbAE1 was derived against carboxyl-terminal
sequences of the C1 factor. As shown by the Western blot in Fig.
6 Upper, mAbJAS reacts with a determinant located between C1
processing sites 3 and 4 (interrepeat domain) whereas the
determinant for mAbKG2 is located within the domain encoding
processing sites 4 through 6 (Fig. 6). Furthermore, in Western
blots of mammalian cell extracts, mAbKG?2 clearly reacted with
polypeptides that coreact with previously defined anti-C1 seras
(data not shown). These monoclonals and previously defined
polyclonal seras (Ab2131 and Ab2125) were used to detect the
endogenous C1 protein by immunofluorescent staining (Fig. 6
Lower). Ab2125, Ab2131, and mAbAEI detect primarily nuclear
Cl1 protein, although cytoplasmic staining is evident above the
control background. In contrast, mAbJAS detects punctate
cytoplasmic protein whereas the mAbKG2 pattern is a compi-
lation of that exhibited with mAbAE! (primarily nuclear) and
mAbJAS (punctate cytoplasmic). The distinct pattern of immu-
nofluorescence suggests that the JAS epitope (interrepeat do-
main) is proteolytically removed before transport of the C1
factor to the nucleus.

Discussion

Site-specific proteolysis is a significant biological mechanism for
the regulation of a diverse set of basic cellular processes,
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including gene expression. Studies on the processing of tran-
scription factors such as NFkB and SREBP have illustrated how
proteolysis may regulate transcription pathways by redirecting
the localization of these proteins. Similarly, the regulation of
developmental determinants such as Notch and growth factor
receptors by proteolytic processing controls important cell sig-
naling pathways.

An unusual multifunctional protein, the C1 factor (HCF) un-
dergoes a series of site-specific proteolytic events. The protein is
expressed as a large 230-kDa precursor that is processed primarily
at a series of 20-amino acid repeats present in the central domain
of the protein. However, in contrast to the proteolytic regulation of
other transcription factors such as SREBP in which proteolysis
results in release of a functional domain of the protein, the C1 factor
undergoes a series of processing events that results in polypeptides
that remain tightly associated. The resulting family of amino- and
carboxyl-terminal polypeptides function as (i) a coordinator of the
assembly of the HSV immediate early multiprotein enhancer
complexes; (if) a coactivator for some transcription factors such as
GABP by direct interaction with the protein’s transactivation
domain; and (iif) a mediator of cell cycle progression. Most signif-
icantly, the C1 factor has been implicated in the regulation of the
HSV lytic-latent cycle. In sensory neurons, the site of latent HSV,
the C1 factor is uniquely sequestered in the cytoplasm and is rapidly
relocalized to the nucleus upon signals that reactivate virus from
latency.

Demonstrated by the activity of the GST-C1 fusion proteins,
the C1 factor contains an autocatalytic activity that is responsible
for the specific cleavage at the C1 amino acid repeats as well as
the predominant 102 cleavage site. Interestingly, the 102 site
(SNMSSNQDPPPAASDQGEVE) bears little primary se-
quence resemblance to the repeats (VCSNPPCETHETGTT-
NTATT). This site is located directly adjacent to the carboxyl-
terminal sixth repeat and suggests the possibility that recognition
of the C1 factor repeat may align cleavage at a distinct spatial
site. The aberrant cleavage of the GST-5ca-his fusion protein in
E. coli, where some cleavages occurred exactly 5 amino acids
carboxyl terminal to the natural cleavage position, may reflect a
distinct folding and site recognition. This hypothesis is strength-
ened by the absence of these altered cleavage products in the
reactions using renatured full-length GST-5ca.

The autocatalytic domain of the C1 factor encoded by GST-
Sca exhibits a low efficiency of cleavage in E. coli relative to
mammalian cells. Denaturation-renaturation studies indicate
that the folded structure of the expressed protein may account
for the inefficiency. However, the activity also may be regulated
by protein interactions or modification in its natural environ-
ment. In addition, although GST-5ca-his contains a domain that
is sufficient for accurate autocatalysis, additional domains or
other protein cofactors may play a significant role in determining
the activity. Interestingly, GST-5ca contains the interrepeat
domain between repeats 3 and 4, repeats 4-5-6, the 102 cleavage
site, and a portion of the carboxyl terminus of the protein.
Therefore, it is possible that the unusual C1 factor reiterations
themselves play a significant role in the recognition and cleavage
process. However, as shown by the lack of processing of the
Rpt4-6-his protein (containing repeats 4—5-6), this region is not
sufficient to direct autocatalysis.

The reiterations/cleavage sites of the C1 factor are, to date,
unique. Although the catalytic domain can function in trans, it
is not likely to be a primary function, because similar sequences
have not been identified in other proteins. In fact, although
homologs of the C1 factor have been found in many species
[Caenorhabditis elegans U61948, zebrafish Al626241, mouse
(39), and hamster D45419], the C. elegans homolog does not even
contain the processing domain, suggesting that it has evolved in
more complex organisms in concert with other protein functions.
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Fig. 7. Potential roles of proteolytic processing of the C1 factor. Several

potential roles for the proteolytic processing of the C1 factor are schematically
illustrated: the initial proteolysis results in release and transport to the nu-
cleus; the regulation of the interaction of proteins with the C1 repeat domain
by selective proteolysis; and the regulation of the C1 factor activity by pro-
teolytic alteration in C1 factor conformation allowing alternate interactions
between the amino and carboxyl-terminal domains.

Although the unique reiterations and processing of the C1 may
impact on the protein’s functions, the actual role of the process-
ing remains unclear. As illustrated in Fig. 7, the processing may
be important for transport-localization, interaction with other
cofactors, or regulation of the C1 factor’s conformation and
activity. As demonstrated, some processing of the C1 factor does
occur in the cytoplasm as antiseras recognizing the interrepeat
domain localize only cytoplasmic protein whereas others localize
primarily nuclear protein. It is possible, therefore, that initial
cytoplasmic cleavage results in release of the protein for trans-
port to the nucleus, where additional processing continues,
affecting the interaction of the C1 factor with other components.
Such a mechanism may be important in the signaling transport
of the Cl1 factor that is uniquely exhibited in sensory neurons.
Although cytoplasmic processing of the C1 factor is consistent
with the observed accumulation of the interrepeat domain in the
cytoplasm and the processed amino and carboxyl termini in the
nucleus, it remains formally possible that the interrepeat domain
is specifically exported from the nucleus after cleavage or that
this localization may reflect an alternate, nonautocatalytic path-
way of C1 factor proteolysis.

It is important to note that, although the NH2- and COOH-
terminal polypeptides of the C1 factor can be coprecipitated and
copurified, processing may allow segregation of the components
under some conditions (42). Segregation would dissociate im-
portant interdependent domains of the C1 factor (protein in-
teraction domains, transcription activation domain, nuclear lo-
calization signals), thereby also affecting its function. As the
nuclear localization signal resides within the extreme carboxyl
terminus of the C1 factor (38), processing results in a depen-
dence on the carboxyl terminus for nuclear import. The auto-
catalytic function of the C1 factor defines an additional activity
of this unusual transcriptional coactivator and suggests a role for
proteolytic processing in the regulation of this protein.
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