SYMPOSIUM: PRIMARY SEQUENCE OF THE CASEINS

Primary Sequence of Beta, Gamma, and Minor Caseins’

This report describes research of many in-
vestigators. The primary sequence of g-casein
was worked out at the Institut National de la
Recherche  Agronomique, Jouy-en-Josas,
France, by Ribadeau-Dumas, Brignon, Gros-
claude, and Mercier. The isolation of y-casein,
TS-, R- and S-caseins was accomplished at the
Eastern Regional Research Center by Groves
et al. The hypothesis that these might be frag-
ments of B-casein was formulated on experi-
mental results by Gordon, Groves, Greenberg,
Jones, Kalan, Peterson, and Townend, together
with some information in the early publications
on B-casein from Jouy.

Beta Casein: Early Research

A brief review of early important develop-
ments in the chemistry of 8- and y-caseins
might begin with the observation of Osborne
and Wakeman in 1918 that a small portion of
acid-precipitated casein is soluble in 50%
ethanol (25). The soluble protein contained
only .1% P compared to .85% for unfraction-
ated casein. These pioneers in fractionation of
casein probably prepared something similar to
what was later called y-casein. That casein is a
mixture of proteins was indicated by the solu-
bility experiments of Linderstrym-Lang in the
late 1920’s (19, 20). Mellander (22) desig-
nated the major components of acid-precipi-
tated casein in 1939 as a-, 8-, and y-caseins af-
ter his study of protein mobility in the newly
developed electrophoresis apparatus of Tiseli-
us.
At the Eastern Regional Research Center,
research on ocasein began in the early 40’s.
Warner reported a breakthrough in the chemi-
cal fractionation of casein in 1944 (36). He
exploited differences in solubility of o- and B-
caseins in dilute aqueous solutions at 4 C and
at slightly different pH values to achieve sep-
aration of the two major components. In the
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early 50’s Hipp et al. (15, 16) published two
important methods for preparing a-, 8-, and
y-caseins. Differential solubility in 50% ethanol
and concentrated urea solutions were the keys
to successful separations.

These early preparations of 8- and y-caseins
were considered reasonably pure proteins.
Both contained P: beta .6%, and gamma .1%.
Amino acid analysis by our group showed their
different compositions to be characteristically so
because samples of each prepared by different
methods gave the same analyses. Measurement
of molecular weight of B-casein in the ultracen-
trifuge by Sullivan et al. in 1955 yielded 24,100
(34). This is almost the same as that cal-
culated from the primary sequence; 23,982
(30). Other investigators estimated that y-ca-
sein was a somewhat larger molecule, of ap-
proximately 30,000 daltons (24).

By the late 50’s it appeared that B-casein
was sufficiently pure for structural studies
which were undertaken at our laboratory. In
1958 Peterson et al. described the isolation and
composition of a polypeptide from a tryptic di-
gest of B-casein (28). This consisted of 24
amino acid residues and was reported to con-
tain all the P in B-casein, 5 atoms per mole-
cule. Determination that the N-terminal amino
acid was arginine, the same residue believed to

‘be N-terminal in B-casein, suggested that the

peptide was the N-terminal fragment of g-case-
in. We know now from the recent work of
Manson and Annan (21) in Scotland and from

" the group at Jouy (29), that this tryptic phos-

phopeptide is the N-terminal fragment, that it
has 25 amino acid residues, that it contains on-
ly 4 of the 5 P atoms, and that it has arginyl
residues at both ends.

Continuing research on B-casein by Peterson
was complicated by the heterogeneity of some
peptides prepared from the tryptic digests.
Aschaffenburg and Drewry’s discovery in 1955
of genetic polymorphism in the B-lactoglobu-
lins (2, 3), and Aschaffenburg’s evidence (1)
for at least three forms of B-casein (A, B, and
C), initiated a new era of research in the
chemistry of milk proteins. In the case of B-
casein the situation was not completely clari-
fied by Aschaffenburg’s observations. Peterson
and Kopfler (26) demonstrated in 1966 that



multiple forms of B-casein A could be detected
by electrophoresis in acid rather than in alka-
line gels. This was an important development.
We recognize now that at least five poly-
morphs of B-casein can be obtained from milks
of Western breeds of cattle; they are known as
B-caseins A?, A2, A3, B, and C. Other variants
have been isolated from milks of Zebu cattle
(35) but these will not be discussed here.

Compositional studies of the five Western
B-caseins were undertaken at the Eastern Lab-
oratory, at Jouy in France, and at Ede in The
Netherlands. Gradually a consensus emerged
regarding amino acid composition, content of
P, and distinguishing amino acid substitutions.
The C variant contained only four rather than
five atoms of P per molecule. In all variants,
the N-terminal group was arginyl followed by
glutamic acid, and the C-terminal acid was
valine, preceded by two dsoleucyl residues.
Peptide maps were similar in most respects.
Thus, it was accepted that B-casein consisted
of a single polypeptide chain containing 208
amino acid residues.

And then began the elegant research of
Ribadeau-Dumas and his colleagues at Jouy.
In 1970 the first of a series of papers described
the isolation and composition of peptides from
B-casein A? following treatment of the protein
with trypsin, and -also following specific cleav-
age of the polypeptide chain by cyanogen bro-
mide at the six methionine residues (31).
Fourtesn tryptic peptides numbered TI1
through T14, and seven cyanogen bromide
peptides designated CN1 through CN7 were
analyzed. Peptide T1 had virtually the same
composition as the phosphopeptide isolated by
Peterson et al. (28). As with Peterson’s pep-
tide, arginine was N-terminal, and T1 was con-
sidered to be the N-terminal fragment of B-
casein. Similarly, peptide CN1, somewhat
larger than T1, contained N-terminal arginine;
it also was positioned at the N-terminus. The
sum of all amino acid residues in each series of
isolated peptides was 208, in agreement with
previously published analyses. These results
yielded a molecular weight close to 24,000 for
the whole B-casein molecule (31).

Gamma Casein: Early Research

Before further discussion of the work on 8-
casein at Jouy, developments in the chemistry
of y-casein which occurred in the 60’s will be
reviewed. Groves et al. demonstrated in 1962
by starch-gel electrophoresis that y-casein pre-
pared by older methods was heterogeneous
(13). In the same paper they described isola-
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Fic. 1. Stepwise chromatography (pH 8.3) of
casein (12 g dissolved in 5mM phosphate) on
DEAE-cellulose column, 3.8 cm X 50 cm, equil-
ibrated with 5mM phosphate. .The TS fraction is
eluted with the 5mM phosphaté starting buffer,
y-casein fractions with .02M phosphate and B-
casein fractions with .10M phosphate.

tion of much purer y-casein by column chro-
matography on DEAE-cellulose of an acid ex-
tract of casein. Later, it was shown that whole
casein could also be used as starting material
(8). In either case, a first fraction, designated
“temperature-sensitive” because it is much less
soluble at 25 than at 3C, is eluted in the start-
ing buffer, 5mM phosphate, pH 8.3. A second
fraction is obtained with .02M phosphate, and
from this, by rechromatography, a pure y-case-
in can be made. In ; ies and composition
the pure y-casein resembled the older, hetero-
geneous y-caseins prepared by chemical frac-
tionation; therefore, the name y-casein was re-
tained. Fig. 1 illustrates the chromatographic
separation of the first three crude fractions ob-
tained from casein by this method (8). In the
following years TS-, R-, and S-caseins were iso-
lated from the first (temperature-sensitive)
fraction.

In the early 60’s Aschaffenburg published
evidence from paper electrophoresis experi-
ments that y-casein, like B-casein, might also
be polymorphic (1). This idea received sup-
port from El-Negoumy (5), and in 1968
Groves and Kiddy confirmed two variants of
y-casein, A and B by disc gel electrophoresis at
alkaline pH values (11). Subsequently, using
disc gel electrophoresis at acid pH, Groves-and
Kiddy were able to distinguish four poly-
morphs of y-casein. In milk samples from sin-
gle animals the type of y-casein was linked ge-
netically to the type of 8-casein. Thus, in milks
containing 8-caseins A, A?, A?, or B, the corre-
sponding y-caseins were named similarly.
However, in milk typed B-casein C, no y-casein
could be detected. Fig. 2 shows the different
mobilities of the purified 8- and y-polymorphs
in gels at pH 4.3 (12). Compositional analyses
indicated that the same amino acid substitu-



TaBLE 1. Possible amino acid substitutions com-
mon to v- and B-caseins.

Comparison Substitution
Al-A? His/Pro :
Al-A? His/Gln, His/Pro
A-B Ser/Arg
A%-A? His/Gln
A-B Pro/His, Ser/Arg
*B Ser/Arg, Pro/His, Gln/His

tions which differentiated the B-casein poly-
morphs also distinguished the corresponding
y-casein variants. The inferred substitutions
are listed in Table 1. Like the B-caseins, the
y-caseins lack cystine (8, 9).

B-Casein C is not included in Table 1 be-
cause there is no y-casein C. 8-C differs from
the other B-caseins in that it has an additional
lysine residue substituted for glutamic acid.
This is an important difference possibly associ-
ated with the lower phosphorus content of g-C.
We shall return to this possibility later.

Each y-casein contains one atom of P and
one residue of tryptophan per molecule. Lysine
is N-terminal and the C-terminal sequence is
isoleucyl-isoleucyl-valine in each (9). This is
the same C-terminal tripeptide in the B-caseins

(9, 17, 27).

Minor Caseins
‘While the work on y-caseins at our labora-

tory was in progress, other proteins had been

isolated in small amounts from the first temper-
ature-sensitive fraction obtained by DEAE-
chromatography of casein. From casein typed
8- or y- A?, proteins named R-casein and TS-A?
casein were isolated; from casein typed §8- or
y-B, similar proteins called S- and TS-B ca-
seins were separated. The names were chosen
for convenience, but the TS designation indi-
cates higher solubility in aqueous solution with
decrease in temperature (8). From disc gel
electrophoretic patterns of these newly isolated
proteins, it became evident that their occur-
rence was related genetically to the type of
B-, y-casein in the whole casein. For example,
R- and TS-A? caseins were never found in
homozygous milks typed B-, y-casein B; nor
were S- and TS-B caseins ever found associ-
ated with G-, y-casein A2 These relationships
are illustrated in Fig. 3, and gel patterns of the
purified proteins are in Fig. 4 (10). :
The chromatographic behavior and electro-
phoretic properties of these proteins led us to

Fic. 2. Disc gel electrophoretic patterns, pH 4.3, 8M urea of -, -casein polymorphs B, A%, A?, A?

and S-casein C. Migration is downward toward the cathode.



Fic. 3. Disc gel electrophoretic patterns of case-
ins tvped v-, B-caseins B, A’ B, and A’ Gels a, b,
and ¢ were run at pH 9.6, 4M urea and d, e, and
f at pH 4.3, 8M urea. Gels a, d, represent the
homozygous casein B; gels b, e, represent the
heterozygous casein 'A* B; and gels ¢, f, represent
the homozygous casein A”. For the gels a, b, and
¢ the as-casein, with a mobility greater than that
of B-casein, is not seen. K-casein remains at the
origin (not shown).

believe that TS-A? and TS-B made up one pair
of polymorphs, and that R- and S-caseins were
another pair. However, the results of composi-
tional analyses, estimations of molecular
weights, peptide mapping, and determinations
of end-groups proved the pairings were wrong.
Actually, TS-A? and S-caseins are polymorphic,
differing only in a single amino acid substitu-
tion, arginine for serine; their N-terminal
amino acid is histidine. Similarly, TS-B and R-
caseins differ by the same substitution, argi-
nine for serine, but their N-terminal amino
acid is glutamic acid. All four are of about the
same molecular weight, about 12,000 daltons.
All have the same C-terminal tripeptide se-
quence, isoleucyl-isoleucyl-valine, common to
the 8- and y-caseins. All have exactly the same
amino acid composition except for the argi-
nine-serine substitution and except that TS-A?
and S-caseins are slightly larger molecules,
containing one more histidine plus one more
lysine residues than the other pair. All have
one tryptophan per molecule, but none has any
phosphorus or cystine (10).

. Fic. 4. Disc gel electrophoretic patterns of the
purified caseins, TS-A?, TS-B, R, and S caseins, at
pH 9.6, 4M urea.

Molecular weights of the TS-, R-, and S-ca-
seins were estimated by measurements of sedi-
mentation-equilibrium in " the ultracentrifuge
(14) and also by gel electrophoresis in the
presence of sodium dodecyl sulfate (9). Direct
comparisons under identical conditions by both
methods were made also of the molecular
weights of 8- and y-caseins. In every compari-
son y-casein was smaller than B-casein, not
larger as previously believed (9).

Sequencing Caseins

This brings us back to the appearance in
1970 of the first paper on the structure of g-ca-
sein from Jouy (31). At that time we were re-
vising our amino acid composition data for y-
ocasein to reflect its lower molecular weight;

20,000 rather than 25,000. Much of the data

reviewed to this point generated the idea that
y-casein could be partially dephosphorylated

TaBLE 2. Comparison of amino acids in g- and y-caseins.

" 4-A? = B-A® — tryptic peptides 149

B-A* Lysu HiSs Arg, Asps Thr,
T149 Lys: Arg; Asp: Thr
v-A? Lysw Hiss Arg; Aspr Thrs

Sers Gluw Prow Glys Alas Vals Mets llew Leus Tyr, Phes Trp:
Sers Glu: Pro. Gly,
Seru Gluz Pros Gly, Alas Valiy Mets Iler Leus Tyr, Phe, Trp:

Val: Ilee Leus




TasLe 3. Comparison of amino acids in g-, TS-A™ and R caseins.

R casein = $-A* — CnBr peptides 1+5+16

B-A* Lysn Hiss Arg, Asps Thre Serss Gluw Pross Glys Alas Vale Mets llew Leu» Tyrs Phes Trp:
CN 14546 Lyss His: Arg: Asps Thrs Sers Glus Prow Gly: Alas Val, Met; Ile; Leus Tyr: Phe
R Lyss Hiss Arg: Asps Thr, Ser: Glus Pro Gly: Ala. Vale Mets Iles Leuws Tyrs Phes Trp:

* TS-A* = R + Lys: + His:.

B-casein. Might it, in fact, be a part of g-case-
in? Could R-, S-, and TS-caseins be pieces of
y-casein? ,

The following comparisons were made. If
the amino acids in the phosphopeptide portion
of B-casein, that is, peptide T1 in the Riba-
deau-Dumas et al. paper (31), were subtract-
ed from the total number of amino acids in 8-
casein, something similar in composition to y-
casein remained. Another tryptic peptide T9,
a tripeptide, was of the right composition to
account for the small difference. Thus, if T1,

- known to be N-terminal in B8-casein, were fol-
lowed in the sequence by T9, the remaining
portion of the molecule had exactly the com-
position of y-casein including' the one atom of
P, the one residue of tryptophan, the same
amino acid substitutions in the polymorphs,
and the same C-terminal tripeptide. Table 2
shows the. comparison. :

Similarly, from the amino acid composition
of the cyanogen bromide peptides described in
the same paper, CN1 was a considerably larger
N-termina.xlr(1 ragment which included T1 and
possibly T9, and accounted for 92 amino acid
residues. If the 9 amino acids in CN5 and the
7 amino acids in CN6 were added to-those in
CN1 and the summed amino acids were sub-
tracted. from those in B-casein, there were left
about 100 residues representing almost exact-

ly the composition of R-casein (Table 3). R- -

Mol. Wt: No.Residues
x10%

’-A!': !iD IOG\.:sflOO zgs 24 209
7-A} 4 1 20 181

2
8- et 12 104
Rb— 2 102
BB ——t t i 24 209
-8} # + 20 181
§ b 12 104
T$-B b 12 102

Fic. 5. Diagram of the peptide chain of g-
casein A? with possible locations of v-A? TS-A?
and R caseins and. a similar scheme for the g-B
family.

casein is larger than the remainder by one glu-
tamic acid and one methionine residue. This
was explained when the N-terminal sequence
of R-casein was found to be glutamyl-methio-
nyl. Cleavage of the chain is expected at the
carbonyl group of the methionyl residue. As al-
ready mentioned, TS-A? casein is larger than
R-casein by two additional amino acid resi-
dues. Comparisons of analytical data in Tables
2 and 3 gave support to the idea that TS-A®
and R-caseins might be parts of y-casein and
that y-casein might be part of B-casein. Fig. 5
is a diagrammatic representation of how the
pieces would fit in the molecule of B-casein.
The total number of residues in B-casein is
given as 209 rather than 208 because an extra
serine tesidue was found later by Ribadeau-
Dumas et al. in the phosphopeptide preceding
y-casein (29).

This was all guesswork at the time since
there was no evidence that peptide T9 fol-
lowed T1, nor that CN5 and CN6 followed
CN1 in the sequence of B-casein. It was most
gratifying when Ribadeau-Dumas et al. report-
ed the positioning of the isolated peptides. The
order was indeed N-terminal T1 followed by
T9, and N-terminal CN1 followed by CNBO,
then CN6 (32). Moieover, some partial se-
quences were reported. A lysine residue was
placed at Position 28 (later changed to 29);
this could well be the N-terminus of y-casein.
A histidine residue was located at Position 105
(later 106); the right spot for the N-termin
of TS-A? casein. And a Glx residue (either

1$ 1718 19

ot NI/ 2938 106 108 209
L H —
HoArg p.ger LYS p.ger His 61u Val-OH
17
y-& ol
H-lys P-Ser , fal-OH
TS-A% 1
H-His Val-OH
'
R- —
H-Glv Vai-OH

Fic. 6. Diagram of the peptide chains of g-A%
v-A%, TS-A?% and R caseins showing the locations
of the various end-groups and the subsequent posi-
tioning of phosphoseryl residues.
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glutamic acid or glutamine) was positioned at
107 (later 108), the inferred location for the
N-terminus of R-casein. Our hypothesis was
now on firmer ground. The evidence at that
time could be summarized as illustrated in Fig.
6, where end groups are shown in the correct
locations. However, the positions of the four
phosphoserine (P-Ser) residues in the phos-
phopeptide and the position of the fifth phos-
phoserine residue were not established.

To test the hypothesis we arranged with Dr.
P. W. D. Mitchell, Franklin Institute, Philadel-
phia, to run samples of y-, TS-A2, and TS-B
caseins in the Institute’s automatic sequencer.
Table 4 gives the results of these runs for the
first 10 to 16 residues of each protein (6) as
well as the sequence of the appropriate por-
tions of B-casein A? as known then (32) and
also as finally worked out by Ribadeau-Dumas
et al. (30). Question marks indicate uncertain
identification of some amino acids in the table.
Our results were compatible with the partial
sequence and, with one major discrepancy
(identification of Residue 41 as Glx instead
of threonine) and several minor ones, the same
as those published later in the final sequence.
Our group also located phosphoserine in y-ca-
sein as the seventh residue, that is, Residue 35
in B-casein (9 and unpublished work). The ex-
tra glutamic acid and methionine in the
summed cyanogen bromide peptides referred
to previously can be identified as Residues 108
and 109. '

Our hypothesis based on these results was
published early in 1972 (6). The investigators
at Jouy thought the evidence was convincing
enough for them to include y-, TS, R-, and S-
caseins in their diagram of the complete se-
quence of B-casein A? published later in 1972
(30) and reproduced here as Fig. 7. We have
also included in the figure amino acid substitu-
tions characteristic of the B-casein variants and
their positions in the polypeptide chain as es-
tablished by Grosclaude et al. (7). The argi-
nine for serine substitution at Position 122 dis-
tinguishes the B family of these caseins from
the A family; glutamine for histidine at Posi-
tion 106 differentiates the A3 from the A2 poly-
morphs; histidine for proline at Position 67 is
common to the 8 and y variants A* and B com-
pared to A?, and this substitution is also found
in B-casein C compared to B-A2. A second sub-
stitution which distinguishes 8-C from g-A?, ly-
sine for glutamic acid at Position 37, is of par-
ticular interest because it might explain why
y-casein C was never detected. We may specu-
late as follows. '
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Fic. 7. The primary structure of bovine g-casein
A? according to Ribadeau-Dumas et al. (30). (Re-
produced by permission). Amino acid substitutions
in p-casein polymorphs have been added at the
appropriate locations (7).

The requirements for phosphorylation of on-
ly certain hydroxy amino acids in the polypep-
tide chains of g~ or B-casein may well be, as
suggested by the group at Jouy (23), the pres-
enos of an acidic group, either glutamic acid or
phosphoserine, in the position separated by
any one residue after the seryl or threonyl resi-
due. This anionic environment apparently per-
mits enzymatio (fhosphorylation of the hydroxy
amino acid residue. In g-casein C, the replace-
ment of glutamic acid at Position 37 by lysine
seems, therefore, to preclude phosphorylation
of serine at Position 35. Thus, 8-C contains on-
ly four atoms of phosphorus instead of five. Se-
ggenr;cing of B-casein C up to Residue 21 was

at Philadelphia. The sequence of this N-
terminal
and it includes all four phosphoserines.

But how is the absence of phosphorus from
Residue 35 related to the fact that y-casein C
was never found?P Like the known y-caseins,
y-C would presumably begin at Position 29 in
the sequence. If y-casein were formed by a
highly specific proteolysis of B-casein, it is con-
ceivable that the absence of phosphorylated
serine at Position 35 alters the conformation of
B-C sufficiently to prevent enzymatic cleavage
between Residue 28 and 29.

To see whether y-casein and the minor case-
ins being discussed could be made in vitro by
kimited proteolysis of B-casein, y-casein B and
B-casein B were treated with trypsin for differ-
ent times. Disc gel electrophoresis was then
run on the digests. The patterns are in Fig. 8.

portion is identical to that in Fig. 7, -

Fic. 8. Disc gel electrophoretic patterns (pH 9.6,
4M urea) of y-casein B (gels a, b, ¢, d) and of

B-casein B (gels f, g, h) digested by trypsin for
different times; gel e shows untreated casein typed
¥-, B-B.

Gels a, b, ¢, and d show the disappearance of
y-casein and the appearance of products with
mobilities close to those of S- and TS-B case-
ins; f, g, and h show the disappearance of g-ca-
sein and the appearance of fragments with mo-
bilities resembling those of S-, TS-B and y-B
caseins (10). The results argue for the enzy-
matic origin of these caseins but, admittedly,
do not constitute strong evidence.

More extensive experiments along these lines
were made independently by Kaminogawa and .
Yamauchi (18, 37). They used a concentrated
milk protease in their treatment of B-casein.
They fractionated the products of digestion,
isolated, and analyzed some of them. Two
products were compared with their own prep-
arations of TS- and R-caseins. Comparison of
amino acid composition, molecular weight, and
sedimentation coefficient showed one product
was virtually identical to TS-casein and the
other to R-casein. Their data agree with ours
on the size and composition of TS-A? and R-
caseins. We feel this work represents strong
evidence for the enzymatic origin of these
caseins from p-casein. However, genetically
controlled biosynthesis is also possible (9).

Referring again to Fig. 7, there are a few
special features of the sequence. In B-casein
there is a marked concentration of charged
groups toward the N-terminus and of hydro-
phobic groups toward the C-terminus. The
uneven distribution is, of course, accentuated
in y-casein; and in the TS-, R-, and S-caseins
we are dealing only with the highly hydropho-



“TaBLE 5. Average hydrophobicity in calories per
residue (Bigelow’s parameter) of some milk pro-
teins.

a-lactalbumin 1150
a,)-casein 1170
B-lactoglobulin 1230 -
K-casein 1285
B-casein 1330
y-casein 1390
TS-B casein 1500
Galactothermin 1580

bic C-terminal half, with few charged groups.

The many proline residues distributed
throughout the molecules exert a strong effect
on the conformation of the molecules and pre-
clude the presence of measurable amounts of
“a-helix. Another feature of the structure is a
marked similarity in sequence of the phos-
phoserine-rich region, Residues 13 to 21 in 8-
ocasein, to a portion of the «s,-casein sequence,
Residues 62 to 70 (23).

The increasing hydrophobicity in the mole-
cules of 8-, y-, and TS-casein can be assessed
by calculation from their amino acid composi-
tion of Bigelow’s parameter (4). Average hy-
drophobicities of these and other milk proteins
are listed in Table 5. TS-B casein, with the
highest hydrophobicity of all: bovine milk pro-
teins, is surpassed by galactothermin, a protein
in human milk isolated by Schade and Rein-
hardt (33). Galactothermin resembles  TS-
casein not only in amino acid composition but
in size, temperature-sensitivity, and absence of
phosphorus. Is it possible that galactothermin
is related to a component of human casein in
the same way as TS-casein is related to B-ca-
sein? :

Our hypothesis that bovine y-casein is the
‘same as a major fragment of B-casein and that
TS-, R-, and S-caseins have the same structures
as large segments of y-casein, can be proved
unequivocally only by complete sequencing of
these minor caseins. All pertinent experimental
evidence of which we' are aware, however,
supports this idea. '
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