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In Caucasians the 2 y-globulin genes GmP® and Gm! are, as a rule, inherited together
and form part of a gene complex that appears to be allelic to another complex with
the gene Gm* (1-3). No Caucasian myeloma globulins have been found to contain
the product of more than 1 of the 3 genes Gm®, GmP, and Gm! (2, 4). Precipitating
antisera can be used to distinguish 4 classes of yG-immunoglobulins with charac-
teristic antigenic determinants ascribable to the H(heavy) polypeptide chains (5-7).
It is postulated that each class corresponds to 1 H chain gene locus (4); that Gme
and Gm! occur at 1 of these, called the We locus after its antigenic type, and that
GmP occurs at the closely linked Vi locus (1, 2, 4).

Reagents that give the same results as the original anti-Gm(b) of Harboe (8) with
almost all Caucasian sera often give discordant results with sera from other races
(9-11). In other words, non-Caucasians are often typed as positive with some, but
not with other, “anti-Gm(b)” reagents. In a study of Japanese sera Ropartz et al.
(9) found the anti-Gm(b) reagents to produce 3 different reaction patterns and named
the hereditary factors detected, Gm(b®), (bf), and (b?). Steinberg and Goldblum
(10) studied populations of different races and used the designations Gm(bY), (b?),
(b%), and (b9).

The various Gm(b) (9, 10) and Gm(f) (1-3) determinants are all inherited
together in Caucasians. Investigations of myeloma and anti-Rh proteins (2, 4)
suggest that Gm(f) does not occur in the same <y-globulin molecules as certain
Gm(b) determinants identical or closely related to Gm(b") and (b?) (11). How-
ever it is not known whether the other Gm(b) factors (e.g., b%, b°, b?, b3, and
b*) are located on the same y-globulin molecules as Gm(b") or Gm(f). The pur-
pose of this study was to obtain information on the distribution among the
v-globulin molecules, primarily through the use of myeloma proteins, of the
determinants identified by 18 anti-Gm(b) and anti-Gm(f) reagents.

Materials and Methods

Reagents.—The anti-Gm sera used gave test systems that were inhibited by Gm(+) sera
diluted 1/100 or more, but not by Gm(~) sera even undiluted (12). The origins and designa-
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tions of the reagents are given in Table I. The reagents included: anti-Gm (b”), (b?), and
(b™) (9); the anti-Gm (b?), (b%), and (b¥ (10); and 5 anti-Gm (f) reagents (Table I).
Myedoma Globulins.—31 yG-myeloma globulins which had been typed for Gm(a), (b}, and
() (2, 4) were selected to comprise as many representatives as possible of the rare Gm(b+)
type and of the less frequent H chain classes. All 31 were from American and Swedish patients;

TABLE 1
Gm Test Systems and Anti-Gm Reagents Used
Anti-Gm Anti-Rh
Anti-Gm(a)
1. B.A. 602
2. Stang. —
Anti-Gm(f)
3. Mau.® Roehm.®
4. AJ. Ts.b
5. LuP To.
6. Fib T5.
7. 5338024 T5.
8. Davist, anti-b? Roehm.
Anti-Gm(b)
9. ABe —
10. L.G. anti-b¥ 21271
11. AlL® anti-b” 2127
12, 2247¢  anti-br —
13. Caz.® 2127
14. Gar. 2127
15. Tht anti-b? Vai.
16a. But, anti-b* Vai.
16b. BuP, anti-b¢ 2127
17. 2357f,  anti-b® Vai.
18. Let.8, anti-b= Val.
19. 114> 2127
20. 22771,  anti-be —

The sources of the anti-Gm reagents are indicated by the superscripts. * H. Fudenberg,
San Francisco, California, ® W. Gohler, Leipzig, Germany, ¢ E. R. Gold, Bristol, England,
4 K. L. Goldsmith, London, England, ® M. Harboe, Oslo, Norway, { Erna van Loghem,
Amsterdam, Netherlands, & C. Ropartz, Rouen, France, A, G. Steinberg, Cleveland, Ohio.

2 of them, viz. Hu. and La., were Negroes. The Gm(a+b—f—) and Gm(a—b—f+) myeloma
globulins belonged to the major H chain class, the We class; the Gm(a—b-+f—) myeloma
globulins, to the Vi class; and the Gm(a—b—f—) myeloma globulins, to the Vi, the Ge, or
the Ne class (4). Only myeloma sera containing at least 30 mg/ml of myeloma globulin and
decreased amounts of normal y-globulin (probably always below 5 mg/ml) and myeloma
globulin preparations isolated as in previous studies (13, 14) were investigated.

In addition, 1 myeloma serum from a Chinese patient was available. The myeloma glob-
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ulin was of yG-type by immunoelectrophoretic criteria. The “y-globulin concentration was
45 mg/ml as estimated by paper electrophoresis. The staining of the y-region of the electro-
phoresis strip, outside the sharp y:-myeloma band, was much fainter than the corresponding
region of normal serum strips. Thus, the serum contained about 40 mg/ml myeloma globulin
and considerably less normal <y-globulin than sera from healthy persons.

Anti-Rh Antibodies.—20 anti-Rh sera from European and 2 from American donors were
selected. Only sera found to make Rh+- red cells strongly agglutinable by 1 or another anti-Gm
were included. The series does not reflect the frequencies of the different Gm types among
random anti-Rh coats (cf. reference 2); in particular, Gm(b+-) antibodies are intentionally
over-represented.

Normal Sera.—73 Gm(a-+) sera, to be typed with the various Gm(f) reagents, were from
normal Swedish blood donors.

Gm Determinations.—Gm determinations of sera and other protein solutions are made with
an agglutination-inhibition test. Anti-Gm sera agglutinate red cells coated with Gm(4)
anti-Rh antibodies. Sera from individuals whose 7y-globulin contains the specific determinant
inhibit the agglutination. For example, a Gm(a) typing system consists of an anti-Gm(a)
agglutinator and red cells coated with Gm(a+) anti-Rh antibodies; Gm(a-+) sera inhibit the
agglutination, while Gm(a—) sera do not. The techniques used for Gm typing have been
described previously (2).

The myeloma sera and myeloma globulin preparations were tested in series of twofold
dilutions to determine the inhibitory titers in the different Gm typing systems. The myeloma
sera and preparations examined contained at least about 6 times as much myeloma globulin
as normal y-globulin (see above). This made it possible to decide by quantitative considera-
tions whether a certain Gm activity demonstrated in the serum or the preparation should be
ascribed to the myeloma protein or to the residual normal vy-globulin {(¢f. reference 2). This
distinction was further facilitated by the fact that a myeloma globulin Gm(+) in respect of
a particular Gm factor has a higher activity per unit protein than the total normal y-globulin
of a Gm(+) serum (¢f. reference 2). The procedure used for Gm typing of myeloma globu-
lins, which was described in greater detail in reference 2, is exemplified by the investigation
of the Chinese myeloma serum (see Results).

The normal and the anti-Rh sera were typed in only 1 dilution, 1/10, in order to econo-
mize valuable reagents. The Gm types of anti-Rk sera were determined after absorption
of the anti-Rh antibodies; 0.5 cc of the 1/10 dilution of the serum was absorbed twice with
0.2 cc of packed Rh+ red cells at 37°C for 60 minutes.

The Gm types of incomplete anti-Rk antibodies were determined by direct agglutination
(Table IV). The antibodies were coated on Rh- red cells and the coated cells tested with
the anti-Gm agglutinators. Agglutination is taken to mean that the anti-Rh antibodies carry
the Gm determinant in question; non-agglutination, that none, or only relatively few, of the
antibodies carry the determinant. For example (see Table IV), the whole v-globulin of serum
IM. is Gm(a+b-+£f4), whereas the anti-Rh antibody protein is, at least largely,
Gm(a+b—f-). In the experiment of Table IV one volume of packed O Rh+ red cells was
coated with 10 volumes of each anti-Rh serum diluted 1/5, or less, for 90 minutes at 37°C.
The agglutinators used to test the coated cells were diluted according to their titers.

RESULTS

Myeloma Globulins.—Table II gives the Gm types of the Caucasian and the
2 Negro myeloma globulins. The Gm(b) specificities, except b? but including
b%, b?, b7, b3, and b* (some of which may be identical), were found together in
the same Caucasian Vi type myeloma globulins. Gm(b?) and the determinants
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TABLE II
Gm Types of Selected Myeloma Globulin

Myeloma globulins

Gm test systems*

H chain anti-
genic types

Designation

Gm(a)

Gm(f)

Gm(b?)

Gm (b)

10

11

13

14|15

We
(ya)

(720)

(v2a)

(')".’a)

G.S.
O.L.
E.S.
E.H.
J.A.
E.P.
M.P.
789
818
844
904
Me

S.H.

K.B.
276
619
224
589

Ap.

Fe.

Man.

Hu. (Negro)§

Zu.:H{

Sh.

Vi.

Ge.
Ro

La.. (Negro)

Ne.
Ka.
BL
Mag.
Da.

b+
I

|

T+ +++++ 1|
Tt

(+++++++ 1
TErtt+

FHd

T+ ++++++F+++ |

|

FTH+++++
Fr+++++

e S o e s
T+ |+ F+++++++

F+

++

16a

+++ b+
+++ +FEFH++
T+ F+r+++++
+ + FF+F++++

16b

17

F++

-

* The test systems used are indicated by numbers in the head of the Table. The numbers
refer to Table I
{ Zu.:H is the paraprotein of a patient with Franklin’s disease (15).
§ The Negro myeloma globulin Hu. was typed clearly negative with anti-Gm(b) Th. and
with two other anti-Gm(b) reagents (not included in the Table); it was clearly positive with

the other anti-Gm(b) reagents.

| Nomenclature of Terry and Fahey (6).
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identified by 5 anti-Gm(f) reagents were as a rule found together in other
myeloma globulins.

A few myeloma globulins were exceptional and reacted with some but not
with other anti-Gm(f) or anti-Gm(b) reagents. Myeloma globulins J.A. and
904 were both negative with 1, but not with the same, anti-Gm(f); Me. was
negative with 2 of the anti-Gm(f) reagents. Myeloma globulin Hu., from a
Negro patient, was clearly negative with anti-Gm(b®) Th. but clearly positive
with another anti-Gm(b), identical or related to (¢f. 11) anti-Gm(b!). It is
noteworthy that among the essentially Gm(f4) myeloma globulins as many
as 3 lacked the antigenic determinant identified by 1 or another anti-Gm(f),
whereas only the Negro myeloma globulin gave discordant results with differ-
ent anti-Gm(b) reagents, despite the fact that the experiments on Gm(b-)
myeloma globulins were more extensive than those on Gm(f4) myeloma
globulins.

The paraprotein of the patient Zu. with Franklin’s disease was included in
Table II. This protein probably corresponds to Fc (fast) v-globulin papain
fragments (15). It carried all the Gm(b) specificities, except b? but including
be, b8, b, b3, b4, and others, which suggests that they all occur in or close to
the Fc part of the yG-molecule,

The (relatively) homogeneous myeloma globulins were generally more
strongly inhibitory than the heterogeneous whole v-globulin from normal
individuals positive with respect to the same factor (¢f. reference 2): (a) The
inhibitory activity of Gm(b-) myeloma globulins was 4 to 32 times as high
as that of the whole y-globulin in Gm(b+4-) sera from normals; this difference
in activity per unit protein between Gm(b-) normal and myeloma +y-globu-
lins was found in all 10 Gm(b) test systems used. (b) The Gm(f-+) myeloma
globulins, on the other hand, were on the average only about twice as inhibi-
tory per unit protein as whole y-globulin in Gm(f+) normal sera.

The investigation of the Chinese myeloma serum will be described in greater
detail since the results were essentially different from those obtained with any
Caucasian myeloma serum, The following paragraph also illustrates how the
Gm types of the myeloma globulins were determined (¢f. reference 2).

Table III gives the results of the Gm determinations of the Chinese myeloma serum.
Several Caucasian, 3 Japanese, and 3 Eskimo sera of type Gm(a+b-f4) were tested with
the Gm(a), (b), and (f) test systems, and they gave closely similar inhibitory titers. (No
normal Chinese sera were available.) The Chinese myeloma serum, on the other hand, was 8
to 16 times more strongly inhibitory in the Gm(a) and (f) systems, but less inhibitory in the
Gm(b) systems, than the normal sera (Table ITII). The values for the Gm(a) and the Gm(f)
activities (Table III) can hardly be accounted for by the normal y-globulin; they must be
ascribed to the myeloma globulin. Since the serum contained about 40 mg/ml of myeloma
globulin, the Gm(a) and Gm(f) activities (per unit protein) of the myeloma globulin were
about 2 to 4 times higher than the specific activities of the fotal ~y-globulin of normal Gm(a+)
and Gm(f+) sera. On the other hand, the Gm(b) (Gm(b!) and Gm(b®), ¢f. reference 11) titers
can be ascribed to the residual normal -y-globulin.
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Accordingly, the ¥G-myeloma globulin of the Chinese serum was grouped
as Gm(a+f+b—), a type that has not been found among Caucasian myeloma
globulins (2, 4, and Table IT).

In view of the importance of this myeloma protein detailed investigation of
its characteristics and isolation were carried out. Electrophoresis experiments
in various media indicated a very homogeneous myeloma peak of slow mo-
bility. Both the Gm(a) and Gm(f) characters were found associated with this
peak utilizing totally different reagents than those used for Table III. The
myeloma protein was of the We group with lambda type light chains,

TABLE III
Gm Characteristics of 1 Chinese Serum Conlaining about 40 mg/ml of ¢ vG-Myeloma Protein
Test systems {see Table I) Specific activity of the myeloma serum*
Gm(a): No. 1 16
No. 2 16
Gm(f): No. 4 8
No. S 4-8
No. 6 8
Gm(b): No. 10 ¥
No. 15 14

* The average activity of normal Gm(+) reference sera has arbitrarily, been given the
value 1. Forexample; a normal Gm(a+) serum as a rulehasa Gm(a) activity close to 1 (<2
but > 34). The Gm(a) activity of the Chinese myeloma serum was 16, 7.e., the inhibitory
titre was 16 times higher than the average titre of normal Gm(s-) sera. In the two Gm(b)
test systems, on the other hand, the myeloma serum had lower inhibitory titre than normal
Gm(b+) sera.

Amnti-Ri Antthodies.—Table IV gives the Gm types of anti-Rh antibodies, It
is well established that even if the individual possesses a particular genetic
determinant it may be absent from a specific antibody in his serum (2, 16,
and others; see Table IV for many examples). The total y-globulin comprises
an extremely large number of different molecules whereas a specific antibody
consists of a limited, sometimes a small, number of molecular species. The
experiments of Table IV are intended to test a hypothesis based on the mye-
loma data above: the Gm(f) and (b?) determinants are found together in
certain molecules and the rest of the Gm(b) determinants are found together
in other molecules.

We find, firsily, that anti-Rh antibodies reacting with 1 anti-Gm(f) generally reacted with
the others (Table IV). Anti-Rh I.K. is exceptional as it was strongly agglutinated by anti-
Gm(f) No. 3, but not by No. 4, 6, or 7. Anti-Gm(b% Davis agglutinated anti-Rh Roehm.



805

]

LARS MARTENSSON AND HENRY G. KUNKEL

*(q)un)-13ue oy} 0} 9np aq jou Leur ased Iemonted sy
up uoeun3Se JeoM oY) 2I0JOIY ], "WIAISAS 3593 0Pads (q)wr) € AAI3 30U PIP "WYY TI-NHUE YA “D°T ()WD-IUs JO NOIBUIWOd Y], i
*IT 90UQI9JRI UI PAqLIdSIP St A[ture] 9y) Jo Apnjs o1jeusd v (I 9[qeL) 0T
WaIsAS Y14 9ATIES9U puE G WRISAS 159) (Q)WH) o3 [IM 2amysod sem JY ‘sueISEONE) Ul alel st Jey) od£y (q)ury ® 0} sfuopq g wWnIAg §
*(-S"JN 3d20%d ©135 9Y) [[B UO S)[NSII [BIIIUIPY 2AES YOIYM) G Pue Of ‘ON (q)wD) ‘(sI[nse [eONUIP! 94BE YOIGM) / Pue § 'ON
()wry 1 "ON (®B)ws) :SuIa)sAs 3593 A} YA (Sepoquyue YWY-Nyue 37} Jo uopdiosqe 1918) PIUTULISIOP d1om 4o YY-TIue oY) Jo sodA) wry) oYL, §

*QUOP SBM UO[EUIWIIS)SP Ou Jeq) sayedrpul 20eds Lydurs oy "uon)

eurin[33e ou sajousp — uds oYy pue sPI3uals JuaIAPIP Jo noryeunnide ajoudp (—) pue ‘(4) ‘- ‘4-- sudis Yy, °I (e, 03 Y1 SIqUNT 37}
¢9qE, 9} JO Pesy 9q) Uy S1IqUINU Aq PayedIpul oIe (SIAPOqUIUE Y -1}UB SNOLIBA 33 Y314 PIJBO S[[30 31 1593 0F) pasn s3uafeal wo-nue AT,

A - o - = - ] - O[] = [++]++]+]+]+
I A i e e R I R - - — |-
U P P Y L o ) TR QI ) I IR TS B R B R R R
O DO = O+ |+ |+ e e
(-) Al L R e R R R S R N U [ R (I
PR PR U L A RS PR R BFS e (  (  R B A
A I I N TR R RS i [ FRTE) A [ - -
+ ||+ + |+ ||+ - | - ]
=) + [+ - | || ]+ | 4 [+
I I I B L B I R L N R B e R I B N o I
- - =ll-] |- - Fi R S S S R R
- === |- - + |4+ ] - - [+ -
- =1+ |- - T R e e R EA AL
I B e N N IR R e E A
I I B L B D R e e N R R
- ~ -1+ |- - = |
- - =1-1-1 - - e e e A A E R
- --1-1-1 |- - N I I R iy ey
-1=-1=-1-1 |- - B e e e IR
- “l=1+|-] |- - N I e e AR
- -1=1=1-1 |- - N R R N s e R
- -1-1-1-1 |- - e e e e A
0T 1 87 Ly 91 <3 14 £1 [4) 11 [1]3 [ 8 L 9 ¥ £ 4 1 3 q ®
(Qup (QwD (mwn IOL) e

ay) Jo odfy mo

TBA
‘N
L21T
9807
DN |
9T1T
OIN
8€TT
‘wey
“wEoy
‘oL
969
801
‘Y
68
as
09
124
‘W'T
‘SN
STT

9]

uopBu
-B180Q1

+5IUa8ed1 mO-nuy

2198 qg-HUY

SHPOGUUY YUY Pa1pS Jo 59947 WD
Al HT4VL



806 GM AND H CHAIN GROUP SPECIFICITIES OF YG-GLOBULINS

strongly only when used undiluted. A higher concentration of anti-Gm(b?) antibodies might
have given strong agglutination also of other anti-Rh coats. But the reactions that could be
obtained places agglutinator Davis together with the anti-Gm(f) rather than the anti-Gm(b)
reagents.

Secondly, we find that anti-Rb antibodies reacting with 1 anti-Gm(b) as a rule reacted
with all the other anti-Gm(b) reagents (Table IV). There are a few exceptions to this rule.
Some of them are only apparent: the weakest agglutinators, No. 13, 14, and 20, do not give
visible reactions with anti-Rh coats that react only weakly with stronger anti-Gm(b) agglu-
tinators. This does not signify absence of some determinants; it is the finding to be expected
when only a relatively small proportion of the anti-Rh antibodies are Gm(b+) (¢f. reference
2). The anti-Rh antibodies of serum Vai. constitute a true exception to the rule: the anti-
Gm(b) reagents 15 through 20, including anti-Gm(b?®), (b%), and (b*), agglutinated with
maximal strength whereas the other anti-Gm(b) reagents were non-reactive. The Vai, anti-Rh
protein essentially lacks the part of Gm(b) which is identified by Harboe’s original anti-Gm(b),
by anti-Gm(b?), and by anti-Gm(b?) (¢f. reference 11).

The results on anti-Rh antibodies given in Table IV may be summarized as
follows: the anti-Rh antibody protein of Gm(b+-f4) sera was in several in-
stances Gm(b+f—) (2086, 2127, N.B., and Vai.) or Gm(b—f+) (89, Reb.
108, 696, T6., and Roehm.). As a rule the various anti-Gm(b) reagents (ex-
cept anti-b?) reacted with the same antibodies and the same was true for the
anti-Gm(f) reagents. It should be remembered that this series of anti-Rh
sera was selected so that Gm(b+4-f—) anti-Rh antibodies, in particular, were
over-represented.

Normal Sera.—5 anti-Gm(f) reagents (test systems 3 through 7) gave identi-
cal results when used to type 73 Gm(a-+) Swedish sera; 55 of the sera were
positive and 18 were negative with all 5 reagents. This indicates that possible
variants of the Gmf gene that determine only some of these Gm(f) specificities
must be rare (in the germ cell lines) of Northern Europeans.

DISCUSSION

In this and in previous (2, 4) investigations no Caucasian myeloma globu-
lins were positive for more than 1 of the factors Gm(a), (b), and (f) (Table II);
myeloma globulins are Gm(a-+b—f—), Gm(a—b—{+), Gm(a—b+{—), or
Gm(a—b—f—), although the total normal y-globulin of most myeloma pa-
tients and healthy individuals is Gm(a+4b+{f+) or Gm(a—b+{+) (2, 4).
These observations might be explained by the following hypotheses: there are
3 distinct genes Gm®, GmP, and Gmf; each gene determines its own polypeptide
chain; individual vG-molecules contain only one of the 3 types of chains; only
1 Gm gene is active in a myeloma cell clone (2, 4). The anti-Gm(b) reagents
used in the studies just referred to were closely related to the original anti-
Gm(b) of Harboe (8), which probably corresponds to (cf. reference 11) the
anti-Gm(b") of Ropartz ez al. (9) and the anti-Gm(b?) of Steinberg and Gold-
blum (10). In the present investigation many other anti-Gm(b) reagents were
included, e.g. anti-Gm(b=), (bf), (b?), (b%), and (b?), which in non-Caucasians
give results very different from Harboe’s anti-Gm(b) (9-11).
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The association between all the Gm(b) specificities, except (b?), in the same
Caucasian Vi type myeloma globulins (Table IT) suggests that they are all
attributes of the polypeptide chain determined by the gene Gm? at the V% locus.
For analogous reasons the data suggest that the Gm(f) and the Gm(b?) de-
terminants are attributes of the polypeptide chain determined by the gene
Gm! at the We locus. Since many individuals in non-Caucasian populations
lack some, but not other, Gm(b) specificities (9-11), there probably exist alleles
at the V7 locus that are similar or identical with the ordinary Caucasian GmP
gene in one segment but different in another (¢f. reference 11).

All the Gm(b) specificities (except b%) appear to depend on the Fc pieces of
H polypeptide chains. This was initially demonstrated for Gm(b') by Harboe
et al. (17) and by Franklin et al. (18). Steinberg and Polmar (19) found that
(b%), and (b*) (but not b?) are also recovered in the Fc fragments after papain
digestion. All 10 anti-Gm(b) reagents of this study reacted with the para-
protein of a patient, Zu., with Franklin’s disease (Table IT).

The anti-Rh antibodies of a given serum, as a rule, reacted with all or none
of the anti-Gm(b) (except anti-b?), and with all or none of the anti-Gm(f)
reagents (Table IV). These findings support the conclusions drawn on the
basis of the myeloma data: the Gm(b) and (f) determinants, which are in-
herited together in Caucasians, are carried by 2 categories of yG-molecules.
The 1 category contains a polypeptide chain determined by the GmP gene;
the other category a chain determined by the closely linked Gm! gene. When a
major proportion of the anti-Rh antibodies of a serum belongs to 1 of the 2
types, then the antibodies will appear Gm(b+f—) or Gm(b—f+) (Table
IV). In other anti-Rh sera the 2 types of antibodies occur in amounts of the
same order of magnitude. Both will then occupy a significant proportion of
the Rh sites of the red cells and the anti-Rh protein is typed Gm(b+{+)
(Table IV).

The results both on myeloma globulins and anti-Rh antibodies strongly
support the view that Gm(b?), formerly called Gm(b¥) (20), and Gm(f) are
closely related. Steinberg and Polmar (19) felt that Gm(b?) and Gm(f) are
identical and based this opinion on genetic population and papain digestion
studies. Fudenberg has observed that the anti-Gm(b?) and an anti-Gm({f)
often typed the same myeloma globulins as positive (21). It appears that
Gm(b?) is not carried by the same molecules as the other Gm(b) specificities,
and that it is not determined by a gene at the same locus as Gm(b). This, we
think, should be reflected in the nomenclature. Therefore the designations
Gmt, for the gene, and Gm(f), for the antigenic characteristics, are retained
here.

Exceptional myeloma globulins and anti-Rh proteins reacted with some but
not with other anti-Gm(b) or anti-Gm(f) reagents. 2 explanations of this
phenomenon will be considered: (@) The individual has inherited a gene partly
different from the ordinary Gm? or Gm!. (b) The individual has inherited the



808 GM AND H CHAIN GROUP SPECIFICITIES OF 7YG-GLOBULINS

ordinary Gm® or Gm! gene. But the myeloma or anti-Rh forming cells have
been modified during ontogenesis so that the protein lacks certain of the ex-
pected genetic determinants. For example, part of the gene may have been
lost or altered (cf. 22).

The former explanation is applicable to the anti-Rh antibodies of serum Vai.
(Table IV). They contain the product of Gm*®, a gene that is probably partly
identical with, and partly different from, the ordinary Caucasian Gm" gene
(11). The myeloma protein Hu. most likely contains the product of still another
allele at the V¢ locus; it lacked a Gm(b?®) determinant and represented the
only Vi type protein from a Negro.

3 of the Gm(f+) myeloma globulins and apparently also the I.K. anti-Rh
protein were negative with 1, 2, or 3 of the anti-Gm(f) reagents. It is possible
that each of these 4 individuals has inherited a different variant of the Gm!
gene identified by our anti-Gm(f) reagents. However, the results on normal
sera suggests that such variant Gm! genes, if they exist, are rare in (the germ
cell lines of) Northern Europeans. The possibility is not ruled out that the
ordinary Gm® gene or some other component of these myeloma and anti-Rh
forming cells has been altered during ontogenesis. If so, the alteration affects
the structure of that part of the yG-molecule that carries the antibody com-
bining site; Gm(f) specificities are recovered in the Fab (Slow) papain frag-
ments (23-25, 19).

One Chinese yG-myeloma globulin, the only one available, was found to be
Gm(a-+{-+b—). This type has not been encountered among Caucasian mye-
loma globulins, all of which have been grouped positive for only 1 or for none
of the factors Gm(a), (b}, and (f) (2, 4, and Table II). The data available might
be explained by the hypothesis that, in Caucasiens, anti-Gm(a) and anti-
Gm(f) identify 2 genes at the We locus, called Gm® and Gm!, and that Gmf is
generally coupled with the gene Gmb at the V7 locus. On the other hand, in
some Chinese populations about 90 per cent of the individuals are Gm(a+1+)
(3, 10), which indicates that both factors can be determined by 1 gene or by 2
genes on the same chromosome (¢f. reference 2). Gm(a) and Gm(f) specificities
are found in different y-globulin papain fragments; Gm(a) in Fc (Fast) (17-19,
24, 25) and Gm(f) in Fab (Slow) fragments (23-25, 19). This suggests that
Gm(a) depends on an amino acid sequence in 1 half and Gm(f) on a sequence
in the other half of the H polypeptide chains. Therefore the Gm(a) and Gm(f)
antigenic specificities are probably not determined by homologous gene seg-
ments. On this view, a Gm?! gene could arise from Gm* and Gm!, for example,
by intragenic crossing-over, and the Gm(a<+{+b—) Chinese myeloma globulin
of this study may contain a polypeptide chain determined by a Gm*f gene.
Consideration should also be given to the possibility that the 2 portions of the
H chain at which the Gm(a) and Gm(f) specificities are found might represent
separate polypeptide chains. This possibility has been raised by a number of
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investigators (15, 26) although all efforts to effect a separation have been
unsuccessful.

Since the H polypeptide chains of the We and of the V7 classes of vG-im-
munoglobulin are antigenically closely related, the genes at the 2 loci must
have many nucleotide sequences in common. Phylogenetically these 2 loci
may have arisen through duplication and subsequent differentiation of 1
ancestral immunoglobulin H chain gene. Evidence in the mouse indicates
close linkage between structural genes for yA- and yG-H chains (27). This
suggests that additional loci determining H chains of immunoglobulins may be
clustered in the same chromosomal region as the We and Vi loci. 1t is of in-
terest to note that the partial homology between the genes at the various loci
might lead to displaced synapsis and consequent unequal crossing-over. As a
result chromosomes with supernumerary H chain loci, and others with missing
loci, would arise. Nance (28) and Smithies (29) have suggested that the thalas-
semias and related disorders of hemoglobin production might be due to un-
equal crossing-overs involving the structurally similar 8, v, and § loci. Simi-
larly, deficient and duplicated complexes of H chain genes might account for
aberrant patterns of immunoglobulin synthesis.

SUMMARY

Isolated myeloma proteins and anti-Rh antibodies were utilized for determination
of the distribution among the <y-globulin molecules of various Gm(b) and Gm(f)
determinants. All of these genetic factors are as a rule inherited together in Cau-
casians, but not in other races. The Gm(b) determinants, except (b?), were found
together in the same Caucasian myeloma globulins of the Vi H chain group, which
never carried Gm(f) or (b?. The Gm(f) and (b? determinants were found together
in other myeloma globulins, of the We group. Anti-Rh antibody molecules appeared
to be similar to myeloma molecules in these respects. A few myeloma proteins and
anti-Rh antibodies were encountered which reacted with some but not other anti-
Gm(b) or anti-Gm(f) reagents; the only available Vi type myeloma protein from a
Negro, specifically lacked the Gm(b?®) factor.

The observations might be explained by the following hypothesis: In Caucasians
with the common Gm/ Gm? gene complex the Gm(b) antigenic determinants, except
(b?), co-occur in certain molecules, which contain a polypeptide chain determined by
the Gm? gene; the Gm(f) and (b?» determinants co-occur in other molecules, which
contain a polypeptide chain determined by the Gm/ gene. Individuals that lack some
Gm(b) or Gm(f) determinants most likely have a gene partly different from Gm? or
Gm/s.

The value of studies with myeloma proteins from individuals of different racial
groups was apparent from this study. One myeloma protein from a Chinese was
unique in that it was both Gm(a+) and Gm(i+4).

We wish to thank those who contributed to this study. Mrs. Gunilla Samuelsson, Mr. Nils
Fritzon, and Miss Ruth Brooks gave excellent technical assistance. Generous gifts of anti-Rh
sera were received from Drs. J. Andersen, B. Broman, A. Eyquem, C. Hogman, Erna van
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Laurell, and U. Nilsson. Exchange of Gm reagents (see Table I) with several laboratories
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Gm(a+f+) character of the Chinese myeloma protein were carried out by Dr. Stephen D.
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