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ABSTRACT A comparison of five constant region se-
quences of human and mouse K and X immunoglobulin
chains has been undertaken in order to reveal sequence
homologies and evolutionary relationships. Simultaneously, a
comparison with the three-dimensional structure of one
mouse K-chain (McPC 603) has suggested structural reasons
why many of the residues are invariant or conserved along K
versus X lines. There are a number of residues that have re-
mained invariant despite exposed positions for reasons that
do not appear to be connected with the folding of this CL do-
main.

The constant region (CL domain) of immunoglobulin light
(L) chains contributes substantially to the functioning of an
immunoglobulin molecule. While it is not involved directly
in the specificity and complementarity of the antibody com-
bining sites, it is joined to its counterpart in the heavy (H)
chain, the CH1 domain, by a variety of noncovalent interac-
tions as well as in most immunoglobulins by a disulfide bond
at its C-terminal or subterminal Cys. This -S-S- bond is not
essential to L-H association, which is maintained noncov-
alently even after reduction and alkylation. In one immuno-
globulin subclass of IgA2, the L-H bond does not occur, but
an L-L dimer is formed, which remains noncovalently
linked to the H chains. Bence Jones proteins in the form of
L-L dimers also occur and may be held together by noncov-
alent forces (1).

There are two subclasses of light chains, K and X, which
are present in almost all species examined; both are found in
all five classes of immunoglobulins, IgG, IgM, IgA, IgD, and
IgE, but each immunoglobulin molecule contains two iden-
tical K or two identical A chains.
The availability of the sequences of the CL domain of

human K, human A, mouse K, and two mouse A light chains
(2), together with x-ray data on the three-dimensional struc-
ture of this domain (3-5) made it desirable to evaluate, if
possible, structural influences on the evolution of these do-
mains.
The present study attempts, residue by residue among

these five chains, to relate preservation or variation of se-
quence to structure and function as evaluated from a three-
dimensional model of the CL and its interactions with the
CH1 domain. The findings show some interesting stretches
of sequence in which invariance predominates, and others in
which evolutionary divergence has been essentially along K

and X lines. Positions at the surface of protein molecules that
are accessible to solvent may undergo many mutational
changes which do not affect three-dimensional folding,
while residues that are buried tend to be invariant or highly
conserved (6). In CL domains mutations involving residues
that contact the CH1 domain also tend to be restricted.
The present study shows that residues preserved along K

and A lines generally show conservative substitutions if in
the interior of the domain or if buried. Fewer exposed resi-
dues which have diverged along K and X lines are homolo-
gous. Certain residues remain invariant despite an essential-
ly exposed position and for no obvious reason. Of special in-
terest is the observation that at only two and four positions,
respectively, were human K identical with human X and
mouse K identical with mouse X, while human K and mouse K
were identical at 29 and human A and mouse X at 39 posi-
tions.

MATERIALS AND METHODS
The model of the Fab fragment of mouse McPC 603 con-
structed from x-ray data at 3.1 A resolution was used (5) as
well as published information on the CL regions of a Bence
Jones dimer (4) and human Fab fragment (3). Sequences of
human K, human X, mouse K, and two mouse X chains were
available (2). These sequences were aligned for maximum
structural and sequence homology from residues 101 to 215
and modified to include the additional data reported (7).
Each residue was located in the model of McPC 603 and
classified according to whether it was: exposed, 0; mainly ex-
posed, 1; partly exposed, partly buried, 2; mainly buried, 3;
completely buried, 4; or in contact with CH1, C. In addition,
each position was classified as: invariant; four of five chains
and three of five chains identical; human K and human X
identical; mouse K and mouse A identical; human and mouse
K identical; human and mouse X identical; and human K,
human A, mouse K and mouse A different.

RESULTS
Table 1 lists the sequences of the five chains from positions
101 to 215. Above each residue is its classification from its
position in the model.

Fig. 1 summarizes the sequence data in Table 1 with re-
spect to the identities specified above. It is evident that clus-
ters of invariant residues and those with 4/5 chains identical
occur, notably at positions 118 to 123, 148 to 152 (excluding
150), 176 to 182 (180 3/5 identical), and 194 to 200 (exclud-

Abbreviations: C and V, constant and variable regions of immuno-
globulin chains; L and H, light and heavy chains of immunoglobu-
lins.
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Table 1. Sequences of the switch and constant regions of human and mouse immunoglobulin light chains and their location
from the model of mouse K myeloma protein McPC 603 constructed from x-ray data

4 0 4 0 2 0 0 - 0 0 2 0 4 0 4 C 3 C C 4 C 0 0 C 2 0 0 0 0 4 C 4 C 1:
110 120 130

Humane Thr Lys Val Glu Val Lys Gly( Thr Val Ala Ala ProSer Val Pbs PbeProPro Ser Asp Glu Gin Leu Ly Ser Gly Thr Ala Ser Val Val Cy
Mousmae IC Lenu Be Lys Arg( ) Ala Asp Thbr Serw Ser Thr Ser_ Gly
Human Tbr Lys Val r Va Leu Gly Gin Pro Ly Ala Ala PoSeV T LuPePro PoSer Ser9Ge GlxGlxLeGin AlAn Ly Ala rLeuVal Cy
mones AI Ser Serw GGlu Glu, Thr Glu
Mouse x2 Sew Th Thr Leu Val Lys Glu

C 4 C 0 4 1 0 0 4 0 7, 0 4 0 , 0 0 0 1 0 0 1 0 C 2 C C CC 2 1 0
140 150 160

Human Leu Lou Asn An PheTyr Pro Arg Glu Ala Ly Val Gin Trp Lys Val Asp Aan Ala Lou Gin &r Gly en &er Gln Glu Ser Val Twr Glu GlnAWpSr
Mone st PNW Lye Asp ne Am Lys Ile Gly Ser Glu Ag Gln Asn Gly Val Leu Asx- Ae Gbx Trp-

Human Leu ne Ser AsP Pbe Tyr Pro Gly AVla Val Tr Val AlaTrp Ls Ala AsPSewr Ser Pro Val Lyn Ala Gly Val Glu MTr Thr Thr Pro Ser LysGn Ser

Mon" lbr Tbr Val Asp Val Gly Thr ne Thr Gin__ Met Glu.-
Mau" X2 _Am Ser Ser Gly Thr ne Tbr Glx

._
Am-Am Gly

1 1 0 4 2 C 3 C 4 C 4 C 4 0 1 3 1 2 o n 1 0 0 4 1 4 1 L' 0 2 2 0
170 190 200

Human Lye Asp Ser Thr Tyr Ser Leu Ssr Ser Thr Leu Tbr Len Ser Lys Ala Asp Tyr Glu Lys His Ly
Lu Tyr Ala Cys Glu Val Tbr His Gin Gly Leu Ser

Mousse mMset Thr a Glu- Giu Ag Asn Ser Tbwr Glu Ala Lye 'Mr Ser lw

Human A ( )An An Lys Trw Ala Ala Ser Ser Tyr Leu Ser Leu Thr Pro Glu Gin Trp Lys Ser HMs Arg Ser Tyr Ser Cys Gl Val Thr His Gin Gly
0 ~~~~~~~~~~~~~~~~~~~~Lye

MoSSAl ( ). Msmt Thr Ar Ala Trp Glu Arg Ser Tyr Ser Gin GIz ( )

Mous 82
(

)Am( met Pbc His _A Ser Trp Glu Aig Am PbM Ser _r m Gin()

1 2t ( 0 1 3 210 ° ° °
210

Humane Ser Pro Val Thr Lye Ser Pbe Ass Arg 0l GIs Cys-COOK

Mouse___* yeVal Am_

Human A Sr TIbr Val GIs Lye Thr Val Ala Pro Thr Gin Cys Ser-COOK
Mbae A His01s.s...Sswr Leu Ser Arg Ala
Mouse 152 Me Ox-Ssr Leu Ber -.Ala Len-COON

Sequence data are from Gally (2) with the mouse K chain data revised according to Svasti and Milstein (7). Residues at 169 to 177 have been
realigned to remove the gap in all X chains at 178 and replace it by a gap at 169. Residues 201 and 202 have been moved to 203 and 204, leav-

ing a gap at 201 and 202.

ing 195). There are also several clusters in which K versus X

diversification predominates, 128 to 132 (130 invariant) and
especially 164 to 172.

Of the 114 residues considered, 28 were invariant, 17 and
8, respectively, showed 4/5 and 3/5 chains identical. Of the
kinds of identities of two chains in the remaining positions
human K and human X were identical at only two positions
and mouse K and mouse X at only four positions, while
human and mouse K were the same at 29 positions and
human X and one or both mouse X chains at 39 positions. At
two positions a human K and a mouse X chain were the same
(*) and at three positions human X and mouse K chains had
the same residue (0). At but eight positions were all four
chains different.

Table 2 summarizes the sequence data in Fig. 1 in relation
to the location of each residue in the model. The most strik-
ing finding is that of the eight positions at which the four
chains had different amino acids (Fig. 1), six residues were

completely exposed to solvent and the remaining two were

mainly exposed. Moreover, of the two positions at which
human K and human X were the same (one of which was the
Oz marker at position 190) and of the four positions at
which mouse K and mouse X were identical, all but one were

completely or mainly exposed. The sixth, residue 135, was a

contacting residue adjacent to invariant Cys 134. Three of
the five positions in which human and mouse identities oc-

curred but which were not both K or both X as indicated by
the symbols (* and 0) in Fig. 1 were completely exposed;

134

4444444446

152
KERN +

Ii

190

Oz +

194

S_____________I

NUMBER
OF

RESIDUES

vu
28

4/5 IDENTICAL 4- 4 4 4 4 4 44fi4 4 444444 17

3,'5 IDENTICAL 4 4 4 44 8

MN IDENTICAL 4 4 2

4MOUSE K. MOUSE X IDENTICAL v v

444 4 444444 44444~444444 ~44 4HUMAN K MOUSE K IDENTICAL-*0 * 0

4H444 44 ;44444444 44w 4 44o 44444 i 44444
HUMAN X.MOUSE ),IDENTICAL-

HUMAN x HUMAN MOUSE X MOUSE
I

A DIFFERENT

I....I....I....I.... I.... I.... I.... I....1.I....I.....I-I....1I....1.."
100 110 120 130 140 150 160

RESIDUE NUMBER

..1 ....,I.. ..1 .... . ... 0...0.,21....2..2....1170 ISO 190 200 210 220

FIG. 1. Distribution of identical residues in the switch and constant regions of human and mouse immunoglobulin light chains. The ar-

rows indicate identical residues in two or more of the five chains as well as at positions at which the four classes of chains differed. When
more than one arrow occurs at a given position, there was identity among two sets of chains. Thus, at position 169 human and mouse K chains
had Lys while human A and both mouse X chains had a gap. Arrows with an * and a * indicate the few residues identical in human K and
mouse A and human A and mouse K, respectively. A dashed arrow indicates an Asx or Glx at that position in one or more chains.
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Table 2. Location from x-ray structure and degree of evolutionary preservation of residues in the CL domain and switch
region of human and mouse light chains

Identities-number of residues

Human K, Human A
Human K Mouse K Human K Human X Mouse K, Mouse X

Location Code Invariant 4/5 3/5 Human X Mouse X Mouse K Mouse X different

Exposed 0 7 7 3 1 2 10 16 6
Mainly ex-
posed 1 2 2 1 4 4 2

Partly ex-
posed,
partly
buried 2 1 4 1 2 3

Mainly
buried 3 2 2 2 1

Completely
-buried 4 11 4 1 3 5

Contacts H
chain C 5 1 1 1 8 7

Total 28 17 8 2 4 29 36* 8

t Excludes residues with * and * in Fig. 1 and residue 215 not specifiable; gaps in K at position 108 and in A chains at positions 169 and 201
and 202.

these included the Inv marker 191. Position 152, which in
human X chains carries the Kern marker, was also exposed
(3).
Of the 28 invariant residues 18 were contact residues or

were mainly or completely buried, while nine were mainly
or completely exposed. Considering together the 25 positions
in which 4/5 and 3/5 residues were identical, 12 were com-
pletely or mainly exposed, only one was a contact residue,
while five were completely buried.
Of the 29 positions at which human K and mouse K had the

same amino acid and the six (footnote Table 2) at which
human X and one of the mouse X chains had the same amino
acid, seven in each were contacting residues and three and
six, respectively, were completely buried while 15 and 20,
respectively, were completely or mainly exposed.
Of the seven invariant exposed residues six were charged,

2 Glu, 1 Asp, and 3 Lys; the seventh was Cys 214 which
forms the -S-S- bond to the H-chain or in some cases to an-
other L-chain. The location of these six residues and the two
mainly exposed residues His and Thr in the model provides
no insight into the basis for their invariance.
The remaining 19 invariant residues, those partly or com-

pletely buried and the contacting residues, included 12
strongly hydrophobic residues, 1 Trp, 2 Phe, 4 Pro, 3 Leu,
and 2 Val; the remaining residues were Cys 134 and Cys
194, which form the domain S-S bond, two less strongly hy-
drophobic residues Ala and Thr, and three Ser.
Examining the residues with 4/5 and 3/5 identities, the

partly, completely buried, and contacting residues were also
overwhelmingly hydrophobic, consisting of 2 Tyr, 5 Val, 1
Thr, and 1 Ala, the others being i Gly and 1 His and the gap
at position 201. The nonidentical residues at these positions
were also hydrophobic in almost all cases, involving replace-
ments of 2 Ile, 2 Leu, and Ala for the five Val residues and
of Phe for one Tyr; the remaining Tyr 192 was replaced by
Ser in both mouse X chains, the Thr by Ser or His, the Ala by

Asx, and the Gly by Thr. There is obviously ah extraordinary
preservation of structure in terms of these groups of resi-
dues.
Among the 15 and 16 residues that have diverged along K

versus A lines and which are partly, mainly, and completely
buried or are contacting residues, eight are identical pairs;
three of these involve conservative hydrophobic substitu-
tions, Ile-Leu, Val-Leu, and Leu-Ile, at positions 117, 132,
and 136, respectively, involving mainly and completely bur-
ied residues; the remaining pairs are the substitutions Thr-
Lys at 172, Gln-Glu 124, Ser-Thr 131, Glu-Ser 165, and
Thr-Tyr 178, the last four being contacting residues. The
presence in K chains of an additional residue at 169 causes
Thr 172 to be completely buried in the mouse CK domain; in
the A chains, Lys 172 is probably completely exposed to sol-
vent. The unpaired residues are 1 Phe, 1 Tyr, 2 Ser, 1 Asp,
and 1 Thr in the K, and 1 Ala, 1 Val, 1 Gln, 1 Glu, 1 Lys, and
3 Thr in the A group.
The K versus A differences show a predominance of com-

pletely and mainly exposed residues with 14 of 29 and 20 of
36 residues in K and A, respectively, falling into this group;
nine are pairs.
The region 101-108 consists of two invariant residues, 101

and 102, followed by six positions in which residues with 4/5
identities alternate with residues which have evolved along K
and A lines, including the gap at position 108; four of the po-
sitions are completely exposed, one is partly exposed, and
two are completely buried. Arg 107 marks the end of the
mouse V, domain; CK starts with Ala 109. The additional res-
idue at position 108 in A chains could be accommodated by
a hairpin bend facilitated by Gly 107 or by Pro 109.

There is a cluster of invariant residues from 118 to 123
consisting of three contacting residues, 118, 119, and 121,
one partly buried 120, and two exposed residues, 121 Ser
(4/5) with an Asp alternative, and an invariant Glu 123. The
region 124-140 contains some invariants but is largely made
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up of residues which have evolved along K and X lines; resi-
dues 130-137 consist exclusively of contacting and com-
pletely buried residues of which three are invariant, in an-
other three K and X differ, and in the others more variation
has occurred. At 135 human K and X have Leu while mouse K
has Phe and mouse X Thr and at position 137 human and
mouse K have Asn, human X Ser, and mouse X Thr.
The most striking, region which has been preserved along

K versus X lines, 160 to 175, has five contacting, one com-
pletely and four partly buried residues, and two mainly and
three completely exposed.residues. It is followed by a largely
invariant cluster; 176 to 181, of contacting and buried resi-
dues. The remainder of the molecule is mainly exposed ex-
cept for the region around Cys 194, in which buried and
mainly exposed residues alternate and there is no clustering
of invariant or K versus X residues.

DISCUSSION
The general structural relationships described for the CL re-
gion of human and mouse K and X chains are an initial at-
tempt to understand the basis for the evolutionary preserva-
tion of certain regions as essentially invariant and the preser-
vation of others along K versus X lines, an evolutionary diver-
gence which took place about 200( million years ago (8). The
principles established from sequence and structural findings
on other proteins generally apply equally well to the immu-
noglobulins. Thus the buried residues and those contacting
the heavy chain tend to be largely invariant and hydropho-
bic, while residues that are exposed or mainly exposed may
vary, and. are generally polar. These also include the few
residues that have evolved along human versus mouse lines.
There are, however, substantial numbers of hydrophobic
residues that are invariant or identical in 4/5 or 3/5 chains
and that occur in regions of the molecule for which no ob-
vious structural basis for their conservation may be assigned.

The marked clustering of residues which have been pre-
served along K versus X lines in certain portions of the chain,
most notably at positions 160 to 175, or have been main-
tained invariant, such as 118 to 123, suggests that these may
have unique functions.
The CL domain has been extraordinarily preserved once K

versus X diversification occurred, since at only eight posi-

tions were all four chains different and at only five other po-
sitions were human and mouse chains identical despite a K
versus X difference (Fig. 1).
The immunoglobulin findings were compared with values

for human and mouse hemoglobins, using the a chain as
equivalent to K and the (3 (-y) chain equivalent to X (8). Since
hemoglobin chains are longer, the data were normalized to
115 residues. The findings for hemoglobin are strikingly dif-
ferent from the immunoglobulin results. Thirty-six residues
were invariant, and 4/5 and 3/5 chains were identical at 12
and at 49 positions, respectively. Human and mouse a and
human and mouse fl were identical at 13 and 11 positions,
respectively. At only one position each were mouse a and
mouse (,, human a and mouse (, and human # and mouse a
identical. There were no positions at which all four chains
differ. Thus there were 97 residues in which three or more
chains were identical in hemoglobins in contrast to 53 such
residues in the immunoglobulins. This comparison indicates
a higher degree of evolutionary conservation of residues that
did not differentiate along a versus (3 lines than residues that
differentiated along K versus X lines. The immunoglobulin
CL domain thus shows a higher degree of evolutionary
adaptability than do the hemoglobins.
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