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ABSTRACT. Chicken gizzard telokin was purified to apparent homogeneity by sodium dodecyl sulfate
polyacrylamide gel electrophoresis. This preparation yielded upon mass spectrometry analysis seven mass
peaks spanning from 15 858 to 17 100 Da. Anion exchaiiggh performance liquid chromatography

of the purified telokin revealed a high diversity of telokin molecules. By combining protein chemistry to
chromatography and mass spectrometry, the telokin heterogeneity was analyzed. Three acetylated N-termini
were found, AMI, MIS, and SGR. Cyanogen bromide cleavage of telokin yielded six different C-terminal
peptides corresponding to the removal of one to six C-terminal glutamyl residues from the protein sequence
deduced from the cDNA. Phosphorylation of telokin was detected, thus increasing the heterogeneity of
the telokin preparation. In addition, peptide sequencing has shown that telokin contained either an aspartyl
or a glutamyl residue at position 27, probably resulting from chicken polymorphism.

Telokin, also known as KRP (kinase related protein), is a to different translational start sites and to variable C-termini.
17.3 kDa protein whose sequence is identical to the C- In addition, N-terminal peptides were found also as phos-
terminal region of the smooth muscle myosin light chain phorylated species, as previously indicated by in vitro
kinase (MLCK). Telokin concentration in gizzard has been phosphorylation with cAMP-dependent protein kinase (Ito
estimated to 9Q«M (Shirinsky et al., 1993). The telokin et al., 1989).

promoter most probably lies within an intron in ther@gion The numbering of the amino acids used in the following
of the MLCK gene (Guerriero et al., 1986; Collinge et al., sections of this report is according to the scheme

1992). Thus, the primary structure of chicken telokin was 1IMAMISGM...(EG),EEDEEEEEE® as illustrated in the
first inferred from the sequence of the C-terminal region of Figure 1C.

MLCK. However, the actual translational start site on the
telokin mRNA has not been defined, first because the EXPERIMENTAL PROCEDURES
N-terminus of telokin is blocked and cannot be sequenced, o ) ) ) o
secondly because telokin MRNA contains three possible ATG ~ Purification of Chicken Gizzard TelokiOur purification
codons in the same open reading frame. On the basis ofMethod was based upon protocols described for the purifica-
cDNA sequence analysis and amino acid composition of tion of MLCK or telokin, as outlined below, and was
telokin, Ito et al. (1989) proposed, for the turkey gizzard conducted at £C unless otherwise stated. Fresh chicken
telokin N-terminus, the Ikeresidue contained within the ~ 9izzards were processed as described previously for the
N-terminal sequenc8MAMISGM?, while others proposed preparation of washed myofibrils with the difference that
the 2AMISGM7 N-terminal sequence (Gallagher & Herring, the first two supernatants were pooled for further purification
1991; Collinge et al., 1992). The whole telokin primary ©f telokin (Adelstein & Klee, 1982). Subsequent steps of
structure has not been determined by direct amino acid Purification were as described (Ito et al., 1989) with the
sequencing yet, and partial sequencing experiments did notllowing modifications: dialysis of the recovered 70%
encompass the C-terminal tail of the protein (lto et al., 1989). i'rg?wfr:'u? ;ugatg)szitura'\t/llogﬁ_?llet V(‘;ai agﬁ/;”;ﬁgFmMNT“s'
o . p 5,4°C),1m , an m . No

In the present report, purified telokin was shown by . . L .
M ALDI-T£F1 Mass s%ectrgmetry to contain several moleZ— isoelectric precipitation of the dialysate was performed.
ular species. Mass spectrometric analyses of enzymaticallyDEAE Q FastFlow chromatography was carried out with

; X : : step-gradient of NaCl starting at 0 mM NaCl and ending at
or chemically generated telokin N-terminal and C-terminal 500 mM NaCl in steps of 50 mM NaCl. Phenyl-Sepharose

peptides have shown that this heterogeneity was related bmrbL4B chromatography was carried out with a step-gradient
of ammonium sulfate starting @ M (NH,),SO, and ending

t This work forms a portion of the doctoral thesis of F.R., who at 0.5 M (NH,),SO, with 0.1 M (NH,),SO, steps. The purity
received a predoctoral fellowship from the Ministele la Recherche.
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47-57. E-mail: rusconi@atlas.bio.espci.fr. acid; RP-HPLC, reversed phaséigh performance liquid chroma-
* Laboratoire de Neurobiologie et Diversi@ellulaire. tography; DEAE, diethylaminoethyl; TFA, trifluoro acetic acid; CNBr,
§ Universitede Bordeaux I. cyanogen bromide; SDSPAGE: sodium dodecyl sulfatepolyacryl-
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Ficure 1: Analysis of the purified telokin by sodium docecyl
sulfate-polyacrylamide gel electrophoresis and mass spectrometry.
(A) Coomassie staining of a 12.5% SBBAGE of the purified
telokin. Tel., 50ug of purified protein; MW, molecular weight
markers. (B) MALDI-TOF mass spectrometry analysis of the telokin
preparation. Numbers indicate thwéz value of the peaks. For details

see Experimental Procedures. (C) Primary structure of the chicken

gizzard telokin deduced from the cDNA sequence (Guerriero et
al., 1986; Ito et al., 1989). The underlined methionyl residues
correspond to the potential initiation sites. Box indicates the serine
that has been shown to be phosphorylatable (Ito et al., 1989).
Arrows indicate the cleavage sites of interest (Aspdde
proteinase AspN; LysGndeproteinase LysC; and CNBr, cyano-
gen bromide cleavage site).

of the resultant telokin preparation was monitored by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS
PAGE, Figure 1A).

Preparation of Polyclonal Antibodies to Telokin and
Identification of the Epitope Antibodies against telokin were
produced in rabbits. The initial injection was 10@ of
purified telokin from chicken gizzard, in complete Freund'’s

Rusconi et al.

the enhanced chemiluminescent detection system (ECL
Western Blotting detection system, Amersham Corp.).

The specificity of the antibodies was assessed by Western
blot experiments using the samples from different steps of
the telokin purification procedure. The antibodies recognized
chicken gizzard telokin and MLCK. Reactivity of the
antibodies against chicken gizzard MLCK was assessed by
comparison of their reactivity with that of an antibody
specific for the rabbit smooth muscle MLCK active site (kind
gift of Dr. J. Stull). In order to identify the telokin epitope,

a telokin band from a SDSPAGE was digested in the gel
with endeproteinase LysC as described below. The resultant
peptides were separated by reverse phaggh performance
liquid chromatography (RPHPLC) and fractions collected
as single peaks. The fractions were dotted on a membrane
and tested for reactivity with the anti-telokin antibody. Three
fractions were positive. Mass spectrometry analysis of the
recognized fractions yielded four peaks. The two major
peaks with observed [M- H*] m/z values of 1750.86 and
2212.18 were present along with two minor peaks whose
mv/z values differred from the first ones by 14 Da. Timé
values of the major two peaks were close to the calculated
masses of the peptid&/ENEDAFLEEVAEEK* (calcd [M

+ H™] m/z value, 1750.80) anéPVENEDAFLEEVAEEK-
PHVK# (calcd [M + H*] m/zvalue, 2212.08), respectively.
Sequencing of the peptides eluting in these fractions yielded
two similar sequences, namelyXWEDAFLEEVAEEK,
where the phenyl thiohydantoin-amino acid (PTH-amino
acid) for theX residue was either a PTH-glutamate or a PTH-
aspartate, thus explaining thel4 Da shift observed by mass
spectrometry. The PTH-GIlu:PTH-Asp signal intensity ratio
was 70:30. This observed amino acid variation at position
27 could be due to polymorphism.

Anion ExchangeHPLC of the Purified Telokin.Telokin
was injected in a 5PW diethyl amino ethyligh perfor-
mance liquid chromatography (DEAEPLC) column (Wa-
ters Corp. Milford, MA). The elution was performed at room
temperature at a flow rate of 7Qf./min. Solvent A was
deionized water, 20 mM Tris-HCI, pH 8.0, and 20 mM NacCl,
and solvent B was 20 mM Tris-HCI, pH 8.0, and 500 mM
NaCl. The gradient used was from 0 to 34% B in 10 min,
34% B for 3 min, and from 34 to 100% B in 59 min.
Fractions were collected as single peaks or shoulders.

Proteolytic Digestion and Cyanogen Bromide Clage
of the Purified Telokin. Proteolysis of purified telokin
(approximately 5:g) by endeproteinase LysC (Boehringer
Mannheim) was carried out in the SBBAGE as previously
described (Rosenfeld et al., 1992) with the following mod-
ifications: telokin was migrated in a 12.5% SBBAGE.
Following Coomassie Brilliant Blue staining (0.2% in
methanol 20%, acetic acid 0.5%), destaining (30% methanol),
and washing (deionized water), the telokin-containing band
was excized and rinsed three times 30 min af3dn 150

adjuvant. Two subsequent boosts were made at 1 monthulL of rinsing buffer (50% acetonitrile in 2700 MM ammonium

intervals with the same amount of telokin in uncomplete
Freund's adjuvant. Western blotting experiments were

carbonate). The gel slice was partially dried at room
temperature, cut into smaller pieces and rehydrated with 10

conducted with Hybond-C Extra Supported Nitrocellulose uL ammonium carbonate 100 mM. The enzyme was added
membranes from Amersham Corp., and the dot blot analysis(diluted in 10uL of ammonium carbonate 100 mM) to a

membrane was Immobilon from Millipore Corporation
(Bedford, MA). Typical dilution of the rabbit antiserum to
telokin was 1/150000 (incubation 2 h), and dilution of the
anti-rabbit IgG antiserum was 1/4000 (incubation overnight).
The immunoreactive proteins were visualized on film with

final enzyme:substrate ratio of 1:40 (w/w). Digestion was
carried out in a final volume of 5@L for 17 h at 37°C.
Peptides were extracted and vacuum-dried and recovered in
0.1% trifluoro acetic acid (TFA) in deionized water for the
RP—HPLC separation.
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Telokin contained in different DEAEHPLC fractionswas  Sequencer (Perkin Elmer-Applied Biosystems Division,
dialyzed against water and vacuum-dried. The dried protein Foster City, CA). The amount of peptide loaded was
was recovered in formic acid and the amount of CNBr (in typically 150 pmol.

70% formic acid) added was to a molar excess of 1000-
fold. Reaction was carried out overnight at room temperature RESULTS

in. the.dark, and the reagents were then Qried by flushing Purification and Identification of Telokin.The most
with nitrogen. _The sample was recovered in 0.1% TFA and important difference between our purification protocol and
analyzed bY either mass spectrometry OFRIPLC. : the ones described in the literature was that we did not
Proteolysis .Of purified telo_kln (259) by_endopr_otemase perform any isoelectric precipitation step. Indeed, we
?s_p_—”élBo?_'hg%gebr '\f?ann.?ﬁ'm)lggg carried (.)uté)nta ?0 th observed in a previous experiment that telokin is poorly
ns » PR 6.0, butterwith a 1.500 enzyme.substrate ralio o, oo during this step, indicating that telokin molecules
(wiw) for 6.5 h at 3¢°C. The reaction mixture was analyzed differed by their total electric charge. Figure 1A shows the
byRﬁFILT_IéCé . . SDS-PAGE-migrated purified protein. A single broad band
eparation of endo-Proteinase Glage Prod- was observed at an apparent molecular mass2§ kDa.
ucts. The endeproteinase Asp-N cleavage products were The purified protein was analyzed by MALDI-TOF mass

subjected to HPLC on a RP column (Nucleosil C18x 1 spectrometry. The spectrum shown in Figure 1B contains
250 mm, SGE Scientific Pty Ltd, Australia). The elution P Y- + P . 9
several [M+ HT] peaks, spanning from avz value of

was performed at room temperature at a flow rate ofib0 15 858 to am/z value of 17 100. These values should be

min. Solvent A was deionized water and 0.1% TFA, and compared to the calculated molecular mass of telokin (17 336
0, itri i I i 0,
solvent B was 80% acetonitrile in deionized water and 0.09% Da, if the N-terminal sequence is MAMISGM, Figure1C).

TFA (v/v). The acidified (0.1% TFA) sample was injected . .

at time 0, and buffer B was 5%. The gradient used was S_gquencmg of an est|ma_1ted amount.of .100. pmol of the
from 5 to 18% B in 18 min. then from 18 to 36% B in 92 purified protein gave no signal at all, indicating that the
min, and finally from 36 to '70% B in 40 min. telokin molecules were N-terminally blocked.

The endeproteinase LysC cleavage products were pro- = DEAE-HPLC Chromatography of the Telokin Prepara-
cessed as for thendoproteinase Asp-N cleavage products, tion. In an attempt to separate th_e molecula_r species de_tected
except that the gradient was from 0 to 52% B in 60 min and by mass spectrometry, the telokin preparation was subjected
then from 52 to 100% B in 10 min. to a DEAE-HPLC. We obtained 13 peaks that were

For both separations, fractions were collected as single 8fanged in six doublets plus a last single peak (Figure 2A).

peaks and further analyzed by mass spectrometry and EdmariMll these fractions were shovv_n to contain telokin by V\_/ester_n
degradation sequencing. blot a_nalyses performed Wl_th the antibody described in
Mass SpectrometryMALDI-TOF spectra of the protein ~ EXPerimental Procedures (Figure 2B).
and proteolytic peptides were obtained with a Voyager-Elite In order to charactenze the molecular dn‘ferenqes respon-
Biospectrometry Workstation mass spectrometer (PerSeptiveSible for the elution pattern, each DEAEIPLC fraction was
Biosystems, Inc., Framingham, MA). treated with cyanogen bromide, expected to generate the
Mass Spectrometry of the ProteiThe purified telokin ~ C-terminal peptidé*GKEGEGEGEGEEDEEEEE (Fig-
was desalted either by dialysis against deionized water orure 1C). Reaction products were analyzed by MALDI-TOF
by desalting on a C18 reversed-phase resin (Sep-Pak, Water§1ass spectrometry.
Corp., Milford, MA). The matrix was 3,5-dimethoxy-4- Table 1 shows the sequence of all the C-terminal peptides
hydroxycinnamic acid (Sinapinic Acid, Aldrich, St. Louis, identified. The C-terminus of telokin appeared to be variable,
MO), and the sample was loaded on the target by the driedWith one to six C-terminal glutamyl residues being removed.
droplet method. Spectra obtained for the whole protein were As an example, cyanogen bromide-treated fraction DE-
calibrated externally using the [M- H*] ion from one AE-2 generated a single C-terminal peptide with a M
protein standard (horse apomyoglobim/z 16952.5). The H*] mvz value of 1321.50, corresponding to the C-terminus
analysis was performed in the positive and linear modes, of telokin to which the last six Glu (G{*—GIu'*’) had been
with an accelerating voltage of 25 000 V, an extraction delay removed (calcd [VH- H*] nvz value, 1321.50). Amongst
of 200 ns, and around 70 scans were averaged. Typically,all the DEAE fractions, the longest C-terminal peptide that
the amount of protein analyzed was of 50 pmol. we detected had a [W HY] mvz value of 1966.49,
Mass Spectrometry on the PeptidéEhe matrix used was  corresponding to the C-terminus of telokin to which the last
a-cyano-4-hydroxycinnamic acid (Sigma, St. Louis, MO), glutamyl residue had been excized (calcd fMH*] mvz
and the sample was loaded on the target by the dried dropletvalue, 1966.72). The complete C-terminal peptide was not
method. Spectra were calibrated either internally, using the detected in any of the fractions analyzed (Tabl@ % 6).
monoisotopic [M+ H*] ion from two peptide standards Several DEAE-HPLC fractions contained the same C-
(angiotensin 1wz 1296.68; and neurotensinyz 1672.92), terminal peptides, showing that the six variams= 1—6)
for peptides obtained witendoproteinase AspN, or exter-  could not account for all the 13 peaks observed in the
nally with the same standards for peptides obtained with DEAE—HPLC separation.
cyanogen bromide arehdeproteinase LysC. The analysis Each DEAE-HPLC fraction was also directly analyzed
was performed in the positive and reflector modes, with an by mass spectrometry. Figure 3 shows the spectrum obtained
accelerating voltage of 20 000 V, an extraction delay of 150 for DEAE fraction 2 (Table 1n = 0). The major peak (peak
ns, and around 120 scans were averaged. Typically the5) had a [M+ H'] m/z value of 16 481, close to the
amount of peptide analyzed was of3 pmol. calculated [M+ H*] m/zvalue of 16 473 Da corresponding
Amino Acid SequencingPeptides were sequenced by to telokin molecules with the following acetylated N-
automated Edman degradation using a model 794 Proteinterminus: AMI. Peak 4 had a [M+ H'] mvz value of
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Ficure 2: DEAE—HPLC of the purified telokin and Western blot analysis of the fractions with an anti-telokin antibody. (A) Elution
profile after injection of 30Qug of telokin on a DEAE-HPLC column. Salt gradient was from 20 to 500 mM NacCl in three steps as
described in Experimental Procedures. Numbers identify peaks or shoulders that were collected. (B) DEAE fractions from the chromatogram
in panel A were TCA precipitated, migrated on a 15% SIPAGE and blotted on to a nitrocellulose membrane. Top shows a Ponceau red
staining of the membrane and the number of the fractions. 70%, 70% ammonium sulfate precipitation pellet from the purification process
(see Experimental Procedures). MW, prestained molecular weight markers (Bio-Rad Laboratories, CA), values are indicated on the right
of the panel. Blot was rinsed and incubated with the anti-telokin antibody. Bottom shows the chemiluminescent revelation of the
immunoreactivity. Each DEAEHPLC fraction contained telokin.

16 410, corresponding to telokin starting®stlS (calcd [M terminal peptides generated by enzymatic proteolysis of
+ H*] m/z value, 16 402 Da if the N-terminal residue is purified telokin using thendeproteinase AspN. Digestion
acetylated). Peak 1 (observed pMH™] m/z value of 15 887 products were separated by RAPLC and fractions col-
Da) could correspond to telokin with a shorter N-terminus, lected as single peaks or shoulders. Each fraction was
8SGR (calcd [M+ H'] mVzvalue, 15 882 if the N-terminus  analyzed both by MALDI-TOF mass spectrometry and by
is acetylated®SGR). Peaks 1 and 5 were followed by two Edman degradation sequencing.
minor peaks (2 and 6) with a mass increment of about 80  Table 2 shows the sequence of all the N-terminal peptides
Da (15969 and 16 563 Da, respectively), suggesting thatdetected with their observed and calculated fVH*] nvz
phosphorylation could account for part of the observed values. Three acetylated N-terminal peptides were identified,
telokin heterogeneity. Finally, peaks 3 and 7 correspondedstarting at positions 2, 3, and 8 of telokin sequence (Figure
to phosphorylated telokin found predominantly in DEAE 1C). All of these peptides were found as phosphorylated
fraction 3 (Table 1n = 1), with the same N-terminus as in  and unphosphorylated species, the latter ones being the most
peaks 1 and 5, respectively. abundant species.

N-Terminal Sequence and Phosphorylation of Telokm. None of these six N-terminal peptides could be sequenced
order to identify precisely the N-terminus of telokin and its by Edman degradation, confirming that they were N-
phosphorylation, we analyzed by mass spectrometry N-terminally blocked.
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Table 1: Heterogeneity at the C-Terminus of Teldkin

DEAE
fraction
number

DEAE-1
DEAE-2
DEAE-3
DEAE-4
DEAE-5
DEAE-6
DEAE-7
DEAE-8
DEAE-9+10 +

DEAE-11+12 + + +

aDEAE—HPLC fractions from the chromatogram described in
Figure 2A were treated with cyanogen bromide and analyzed by
MALDI-TOF mass spectrometry. Sequence of the C-terminal peptides
is shown on the topn(is the number of C-terminal glutamyl residues).
Crosses indicate the peptides contained in the DEABLC fractions.
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FiIGURE 3: Mass spectrometry analysis of DEAE fraction 2 from
the chromatogram described in Figure 2A. DEAE fraction 2 was
desalted and submitted to MALDI-TOF spectrometry. Numbers
indicate thenVz value of the peaks.

Table 2: Heterogeneity at the N-Terminus of Teldkin

calculated measured

sequence of the [M+H [M+HY]

N-terminal peptides m/zvalue mvzvalue
Ac-2AMISGMSGRKASGSSPTSPINA 2149.04  2149.07
Ac-’AMISGMSGRKASGSSPTSPINA- P 2229.01  2228.99
Ac-*MISGMSGRKASGSSPTSPINA 2078.00  2078.02
Ac-*MISGMSGRKASGSSPTSPINA- P 2157.92 2157.92
Ac-8SGRKASGSSPTSPINA 1558.78 1558.75
Ac-.SGRKASGSSPTSPINA- P 1638.74 1638.70

a Purified telokin was treated witbndeproteinase AspN. Products
were separated by RFHPLC and analyzed by mass spectrometry.

Biochemistry, Vol. 36, No. 36, 19971025

to variable C-termini. MALDI-TOF mass spectrometry
analysis of CNBr-generated C-terminal peptides revealed six
variants differring in their number of C-terminal glutamyl
residues.

The six C-terminal variants described could not, however,
account for the thirteen DEAEHPLC peaks observed
(Figure 2A). Analysis of the mass data obtained from the
different DEAE-HPLC fractions has shown that each
fraction contained more than one molecular species with
different N-termini and phosphate content (Figure 3, Table
2). Upon analysis oéndeproteinase AspN digest of telokin
by mass spectrometry, we demonstrated the existence of three
N-terminal peptides, the shortest starting afSe longest
at Al&?, and the intermediate at Met Semiquantitative
analysis of our RPHPLC data indicated that the longest
and the intermediate peptides were present in almost the same
amount, corresponding to around 3-fold the amount of the
shortest peptide. All the described N-terminal peptides were
acetylated explaining why, by Edman degradation sequenc-
ing, no signal for the N-terminus could be obtained.
Anderson et al. (1991) and Holden et al. (1992) have found
that the 32 N-terminal and the 19 C-terminal residues of
turkey gizzard telokin were not visible in the electron density
map, indicating that these regions are not firmly structured,
probably because of the heterogeneity described here.

This work shows that the combination of protein chem-
istry, chromatography and MALDI-TOF mass spectrometry,
allowed us to delineate the heterogeneity of the N-terminus
and the C-terminus of telokin. Recent advances in mass
spectrometry resolution and sensitivity provide a means to
access structural data pertaining to blocked N-termini and
C-termini of proteins. This is of valuable interest, since
N-terminal sequencing is unfeasible if the N-terminal residue
is blocked and C-terminal sequencing is still not a routinely
used technique.

The lack of an accurate and readily applicable carboxyl-
terminal sequencing method [for a review, see Inglis (1991)]
that would complement the N-terminal Edman degradation
procedure has led to a little knowledge of the post-
translational modifications of the C-terminal primary struc-
ture of proteins, such as truncation or carboxyl-terminal
proteolytic excisions. Studies of the C-terminal structure of
proteins have first been done by using carboxypeptidases
and specific antibodies. One such example of C-terminal
post-translational processing by glutamyl residue removal
is the desglutamylation of tubulins: the detyrosinated

Table shows the sequences of the N-terminal peptides deduced fromtubulin C-terminal tail undergoes excision of the C-terminal

the measured [M+ H*] mV/z values. Ac- indicates that the peptides
are acetylated.+ P indicates that the peptides are phosphorylated.

DISCUSSION

In this report we show that telokin is rather heterogeneous,

even if it appears homogeneous upon SIPAGE electro-

glutamyl residue. This observation was first made by use
of specific antibodies to nontyrosinatable tubulin. Mass
spectrometry later brought confirmation of these results by
analysis of biological peptides (Paturle-Lafanaehet al.,
1991; Redeker et al., 1996).

In the case of chicken gizzard telokin, described in this
report, time-of-flight mass spectrometry proved to be the key

phoresis followed by Coomassie staining of the gel. This technical method to gain direct access to the structure of
heterogeneity was clearly visible upon analysis of the telokin plocked N-terminal peptides and of C-terminal peptides of
preparation by high-resolution MALDI-TOF mass spectrom- the protein, thus explaining the observed high heterogeneity
etry. The telokin mass spectra consisted of up to seven peaksf the purified protein.
(from 15 858 to 17 100 Da,; Figure 1B), and tivéz values In vitro, Shirinsky et al. (1993) showed that micromolar
observed for the [M- H'] ions appeared to be lower than  concentrations of telokin bind unphosphorylated myosin and
the calculated molecular mass of telokin (17 336 Da). promote the assembly into myosin filaments in the presence
DEAE—HPLC of the purified telokin yielded as much as of ATP. In gizzard tissue, telokin concentration is estimated
13 peaks. This elution pattern was shown to be due in partat 90 uM, comparable to myosin concentration (Shirinsky
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et al., 1993), making telokin a good candidate for stabilizing Gallagher, P. J., & Herring, B. P. (1991) Biol. Chem. 266
the myosin filaments in vivo. Interaction of variably charged ~_ 23945-23952.

telokin molecules with myosin would lead to differently G“ﬁg;?g"AV-h Jr(ig%%sﬁ;g’c rl:/(le-m'?\s'ir)?lzssogé 7Jz-_%.égPlutkey, J. A, &

charged complexes varying in their ability to assemble into yqgen, H. M., Ito, M., Hartshorne, D. J., & Rayment, I. (1992)
filaments. Our work shows that telokin is heterogeneous Mol. Biol. 227, 840—-851.

both in its N- and C-termini, providing a large number of Inglis, A. S. (1991)Anal. Biochem195 183-196.
different structures varying both in the length and in the total !to, M., Dabrowska, R., Guerriero, V., Jr., & Harshorne, D. J. (1989)

oY S : : J. Biol. Chem 254, 13971+13974.
charge of the protein, indicating that its interaction with other Paturle-Lafaneche, L., Edde B.. Denoulet, P., Van Dorsselaer,

proteins might be finely regulated at the structural level. A., Mazarguil, H., Le Caer, J.-P., Wehland, J., & Job, D. (1991)
Biochemistry 3010523-10528.
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