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SUMMARY

To aid in structural studies of pig cardiac myosin light chains (L7 and L,g),
a procedure of ion-exchange chromatography (IEC) on Trisacryl M (noted for its
high capacity) in combination with reversed-phase high-performance liquid chro-
matography (RP-HPLC) and volatile buffers has been developed. In contrast with
other IEC methods (resins or HPIEC), the use of Trisacryl M facilitates subsequent
peptide purifications by RP-HPLC. The advantage of the present combination of
techniques is also that it enables the isolation of hydrophobic peptides in high yield,
e.g., the N-terminal chymotryptic peptide from L,, was thus purified and, after sub-
digestion with trypsin, its sequence has been established.

INTRODUCTION

Myosin is the principal contractile and structural protein comprising thick
filaments in various muscle cells. It consists of two heavy chains (2 200,000 daltons)
and two pairs of light chains (& 20,000 daltons), referred to as the essential (or alkali)
pair and the regulatory pair, and denoted respectively as L,; and L,y for pig ven-
tricular myosin!-2. The function of the light chains is not clearly understood, but
there is a considerable body of evidence to suggest that they in some way determine
the enzymatic characteristics of the actomyosin. More information about the role of
the light chains could also be obtained by determining their amino acid sequence.
However, chemical or enzymatic cleavages of L, release large hydrophobic peptides,
rich in proline and alanine residues: for instance, the N-terminal BrCN peptide
(CB;-peptide: residues 1-66) and the chymotryptic one (C,-peptide: residues 1-20).
These larger peptides from L,~ often behave poorly in conventional chromatographic
systems, because of insolubility, aggregation or irreversible adsorption to column
madterials, although high concentrations of glycerol, detergent or salt have been
used?:3. In addition, the presence of proline residues in the N-terminal sequence
causes significant decreases in the repetitive yields of the Edman degradation.

With the introduction of mobile phases capable of dissolving large denatured
peptides, reversed-phase high-performance liquid chromatography (RP-HPLC) has
been developed to optimize both resolution and yield*. However, not all peptide
mixtures can be resolved by using only one RP-HPLC step**. A combination of a
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preparative technique and RP-HPLC has proved to be a more powerful separation
methods.

To facilitate the recovery of the hydrophobic CB, and C; peptides from L,
(excellent probes for testing purification procedures), we report here the combination
of ion-exchange chromatography (IEC) on DEAE-Trisacryl M columns and RP-
HPLC, using volatile buffers. Hence, the isolation and characterization of the hy-
drophobic C;-peptide from pig ventricular myosin L,, light chain could be per-
formed and we were then in a position to establish the N-terminal sequence of cardiac
myosin alkali light chain, which has not previously been described for higher verte-
brates.

EXPERIMENTAL

Chemicals

Bovine trypsin, treated with L-(1-tosylamido-2-phenylethyl) chloromethyl ke-
tone (TPCK) and bovine a-chymotrypsin, treated with L-(1-tosylamido-2-lysylethyl)
chloromethyl ketone (TLCK), were from Sigma. Sequanal grade trifluoroacetic acid
(TFA) and reagents for sequence analysis were from Pierce. Ninhydrin and cyanogen
bromide were obtained from Merck. Glass-distilled chromatography grade 1-pro-
panol, 2-propanol, ammeonia, acetic acid and formic acid were purchased from Carlo
Erba. Pyridine was obtained from Merck and purified by refluxing for several hours
with ninhydrin and then distilled: only the constant-boiling fraction (b.p. 115.2°C)
was collected.

Sample preparations

Pig cardiac left ventricular myosin light chains (L and L,s) were purified as
described earlier?. Following reduction and S-alkylation, the light chain L,, was
dissolved in 70% formic acid and cleaved with cyanogen bromide?, Tryptic digestion
was performed in 50 mM ammonium bicarbonate buffer pH 8.75 at 37°C for 4 h
with an enzyme: substrate ratio of 2:100 (w/v). Chymotryptic digestion was per-
formed in 50 mM ammonium bicarbonate buffer pH 8.0 (adjusted with formic acid)
at 37°C for 2 h with an enzyme: substrate ratio of 1:100 (w/w).

High-performance liquid chromatography

The HPLC method was developed using a Varian Model 5000 system. Peptides
were detected with an UV absorbance detector LKB 2238 Uvicord Sy and were
collected with a 202 Gilson collector. The following RP-HPLC columns were used:
from Waters Associates, semi-preparative uBondapak (two 60 x 7.8 mm), C,5 uBon-
dapak, phenyl (R@) uBondapak (30 cm x 3.9 mm with 10-um packing); from Beck-
man, 5-um Ultrasphere ODS, Ultrasphere-Octyl (25 cm % 4.6 mm); from Varian,
Micropak MCH,, and MCH; (25 cm x 4.6 mm); from Merck, LiChrosorb Cy (25
cm x 4 mm with 5- and 7-um packings).

L,- digests were introduced into Cg and RG-HPLC columns and eluted at a
flow-rate of 1 ml/min. Measurements were made at 226 or 206 nm, in the sensitivity
range of 0.5-2,0 absorption units full scale. The following gradient systems were
employed: (a) 0.0013 M TFA in water to 60% 1-propanol-0.0013 M TFA or 2-
propanol-TFA; 1b) ammonium formate pH 7.8 (1.6 ml of 25% ammonia + 0.25 of
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TABLE 1

DISCONTINUOQUS PYRIDINE-FORMATE GRADIENT USED FOR IEC ON DEAE-TRISACRYL
M

Time Pyridine pH

(h) M)

0 -8 02 8.4

8 -185 0.2 84 6.6
18.5-29.5 0.2-0.6 6.6
29.5-37.5 0.6-1.0 6.6
37.5-41.5 1.0 6.6 -5.25
41.5-55 1.0 5.25-4.0
55 385 1.0 40 3.5
58.5-60.5 1.0 3.5 -3.0
60.5-69 1.0-2.0 3.0

98% formic acid per 2 | water) to 60% 1-propanol. The buffers were filtered through
a 0.22-pym Millipore membrane before use.

Ion-exchange chromatography

Separation of peptides by IEC was carried out on DEAE-Trisacryl M (from
LKB) columns (25 x 2.5 cm) at a flow-rate of 150 ml/h. The column was preequi-
librated with 0.2 M pyridine pH 8.4 and then developed in a discontinuous gradient
of pyridine-formate buffer as shown in Table 1. The column eluates were automati-
cally monitored (Technicon Autoanalyzer) by a ninhydrin colorimetric assay.

Amino acid analysis

Amino acid compositions were determined using a Beckman 119 C amino acid
analyzer after hydrolysis of the dried peptides with constant-boiling 6 M HCI at
110°C in evacuated sealed tubes for 24 and 72 h. Automated Edman sequence anal-
yses were performed on a Beckman 890 C sequencer. The sequanator program and
PTH amino acid determinations have been described®.

RESULTS

Analyses and purity of pig ventricular myosin light chain L,,

The myosin light chains were isolated from pig heart left ventricle by prepar-
ative polyacrylamide gel electrophoresis as previously described?. The purity of L,
light chain was tested by one-dimensional gel electrophoresis and also by identifi-
cation of the higher-molecular-weight BrCN peptide CB,2. Because CB, failed to
release any PTH amino acid in an Edman experiment, it contained the blocked NH,
terminus of L,,. (The N-blocked amino acid residue is probably trimethylalanine.)
In addition, the high content of proline and alanine residues essentially characterized
the N-terminal sequence of L,; and the CB,-peptide2.

Separation of Ly, chymotryptic and BrCN digests by direct RP-HPLC
~ The peptide mixtures obtained after chymotryptic digestion and cyanogen
bromide cleavage from pig heart left venticular myosin light chain L;; have been
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separated by RP-HPLC. Different experimental procedures were investigated to find
optimal separation conditions for large hydrophobic peptides (C; and CB,) on var-
ious RP-HPLC columns. Peptide elution was recorded at 206 and 226 nm and the
peaks obtained were analyzed for amino acid composition and N-terminal residue.

The chymotryptic digest was first fractionated on the semi-preparative Waters
columns; 0.5 umol were applied and only fourteen peaks were obtained (Fig. 1a).
The yield of the isolated fractions, based on the amount of L,, digested, was very
low (5-10%). On the other hand, on analytical columns (Waters uBonpak, Merck
Cg) about 30 peaks and shoulders were detected (Fig. 1b,c). The capacity of these
analytical columns was low (40-80 nmol of digest) and the hydrophobic peptide C,
was eluted as a well defined peak at the same gradient position (55% 1-propanol)
whatever the analytical column used. However, recoveries of L, chymotryptic pep-
tides from the analytical columns were similar with about 1/10 of the injected sample.
In addition, all the isolated fractions were not pure enough for direct sequence analy-
sis, according to the amino acid compositions and PTH amino acid determinations.
It should also be noted that, whith other supports tested, one or more of the peptides
were not eluted (not shown).

Comparable results were also found for the RP-HPLC fractionation of BrCN
peptides from L,, (CB-peptides). Only eight CB-peptides were released from L,,,
but their separation was not complete even under optimal conditions (Fig. 1d). More-
over, drastic losses of the hydrophobic peptide CB; were observed.

Nevertheless, pure hydrophobic peptides CB; and C; were isolated by repeated
RP-HPLC. Depending on the chromatographic behaviour of the peptide mixture,
the elution gradient was optimized for each hydrolysate or rechromatography (not
shown). The amount of peptide was not sufficient for subsequent amino acid analyses
of the N-blocked sequences. In addition, the peptides were obtained at several reten-
tion times due to desamidation and/or the presence of homoserine lactone.

Isolation of the C,-peptide

In performing IEC on DEAE-Trisacryl M, our objective was to purify quan-
titatively the N-blocked C,-peptide generated by chymotrypsin digestion of L,-. The
chymotryptic digest (5 umol) was applied to the DEAE-Trisacryl M column and,
using volatile buffers (pyridine—formate), the elution pattern obtained after ninhydrin
reaction revealed nine major fractions (1-9) and nine minor fractions (A-K) (Fig. 2).
These fractions were analyzed for amino acid composition and PTH amino acid
determination. Fraction 3, well separated from the others, contained mainly the
C,-peptide. Because of the large amount (4 umol) of fraction 3 isolated by IEC on
DEAE-Trisacryl M, the C,-peptide could be further purified by RP-HPLC. Despite
the greater eluting power of 1-propanol relative to other solvents, the C,-peptide was
eluted at high concentration (55% 1-propanol) and emerged as a broad peak (Fig.
2B). Nevertheless, RP-HPLC was the most efficient produre for the final purification
step of the C;-peptide. The amount of sample isolated (1 umol) was sufficient for
subsequent amino acid analyses, different subdigestions and sequence analyses.

Determination of C-peptide amino acid sequence
To confirm the probable N-blocked covalent structure of L,, reported earlier
using sequence homology?, the C,-peptide was subdigested with trypsin. Although
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Fig. 2. Separation of the chymotryptic digest from pig left ventricular myosin light chain L,, on DEAE-
trisacryl M and purification of the C;-peptide by RP-HPLC. A, L., chymotryptic digest (5 umol) was
applied to a DEAE-Trisacryl M ion-exchange (column (25 x 2.5 ¢cm) and eluted with the discontinuous
pyridine-formate gradient described in Table I at room temperature and with a flow-rate of 150 ml/h. The
elution profile was obtained after ninhydrin reaction. B (inset), Fraction 3 from the IEC on DEAE-
Trisacryl M was lyophilized, then dissolved in 0.2 ml water containing 0.0013 M TFA and applied to a
Waters uBondapak phenyl column (30 em x 3.9 mm). It was eluted with a 70-min linear gradient of 0
to 60% 1-propanol in 0.0013 Af TFA at a flow-rate of 1 ml/min.

L1-PEPTIDE
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AMINO ACID COMPOSITION
O tHe (;-PEPTIDE

Asp 1.3 (1)
SER 0.9 (1)
GLu 3.3 (3)
Pro 49 (5)
ALa 4,7 (5)
ILe 1.4 (1)
PuE 1.2 (1)

Lys ,
Fig. 3. Amino acid composition of the C,-peptide 2frgm pggBVLntricular light chain L;. The residues
underlined with an arrow were determined by automatic Edman degradation. The composition was es-
tablished after hydrolysis for 24 and 72 h with 6 A/ HCl. Amino acid residues are numbered according to
Frank and Weeds!3, X represents the N-blocked residue (trimethylalanine).
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the Lys-Lys (residues 2 and 3) and the Lys-Ala (residues 7 and 8) sequences have
been characterized, the C;-peptide was only cleaved by trypsin at Lys-7 (Fig. 3):
preliminary RP-HPLC fractionations led us to obtain two tryptic peptides and the
uncleaved C,-peptide. The tryptic digest from the C,-peptide was thus submitted to
automatic Edman degradation. Despite the presence of proline residues (positions 10
and 12), eight residues were identified. According to the amino acid composition and
sequence determination, the N-terminal sequence of the alkali light chain L,, from
pig ventricular myosin was identified with high accuracy (Fig. 3).

DISCUSSION

As a part of our interest in the structure of contractile proteins, we have re-
ported on the primary structure of ventricular myosin light chains from higher ver-
tebrates?.”. Attempts to determine the complete amino acid sequence of cardiac
myosin light chain from higher vertebrates (human and beef®:®) were unsuccessful
because of the hydrophobic and acidic character-of L, -, particularly of its N-blocked
terminal part.

Since the development of HPLC, new possibilities exist for purifying hydro-
phobic peptides*!°. Although RP-HPLC has proven to be a fast and efficient
method, separations of large hydrophobic peptides can pose special problems. For
example, the recovery of our pig L,, hydrophobic peptides from RP-HPLC was not
great!!, In addition, a mixture of about 30 chymotryptic peptides from L,, was not
completely resolved in one RP-HPLC step. After repeated RP-HPLC the yields de-
creased and the elution of the same peptide often gave more than one HPLC peak
(due to chemical changes).

We have developed a combination of IEC on Trisacryl M (a new support noted
for its high capacity) with RP-HPLC and volatile buffers. Elution of the Trisacryl M
column by pyridine and formic acid allowed the use of gradients with easily adjust-
able pH and/or ionic strength over a very wide range. The application of this chro-
matographic procedure had several advantages compared with other IEC methods
of peptide purification: easy recovery of sample (without desalting steps) by evap-
oration or lyophilization, high yields, speed (using a high flow-rate at moderate pres-
sure), flexibility, resolution, sensitivity (reactions with fluorescamine and O-phthal-
aldehyde were also commonly performed) and chemical stability of the column ma-
terial.

It should be noted that with other ion exchangers, e.g., polystyrene resin, the
particles of resin and peptides interacted and they were eluted in the same fractions?.
This non-specific adsorption prevented any subsequent RP-HPLC fractionation. In
contrast, combination of IEC on Trisacryl M and RP-HPLC has been used with
excellent results for separation of hydrophobic and/or neutral peptides, for example,
those generated from the pig cardiac myosin light chain L, and using SP-Trisacryl
M support (not shown).

In this novel combination of methods, HPLC remained the most suitable step
in the purification procedure. It allowed us to isolate homogeneous peptide samples
of unexpectedly high quality for sequence analysis. However, we have found our IEC
procedure to be a useful and complementary addition to the limited set of methods
currently available to purify large peptides. For example, the Trisacryl M chromato-
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graphy enabled us to isolate the L, N-terminal chymotryptic C;-peptide in high
yield. Despite the presence of charged amino acids (three Lys, three Glu and one
Asp), this C;-peptide had similar chromatographic behaviour to the very hydropho-
bic peptides (elution with 55% of 1-propanol). A special conformation and/or the
core formed by the proline and alanine residues (8-13) in the C,-peptide certainly
must contribute to this unusual elution behaviour. Nevertheless, quantitative isola-
tion of the C,-peptide enabled us to establish its sequence. The determination of this
N-terminal sequence of pig alkali light chain L,5, not previously reported for any
higher vertebrate cardiac myosin light chain, was the most difficult part of the Ly,
structure. Moreover, this work now in progress has led us to compute, from the L,
primary structure, the secondary structure of the molecule as well as of its N-terminal
part. Additional circular dichroism studies’? confirmed the calculated secondary
structure and explained the contribution of calcium ions to the conformation of the
myosin alkali light chain.
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