Polypeptide Chains of Human Gamma-Globulin:

Cellular Localization by Fluorescent Antibody

Abstract. Fluorescent antibody to antigenically distinct portions of 7S gamma-
globulin was used to study the occurrence of H-chains and L-chains of types 1
and 11 within single cells. Individual lymphoid cells contained both H- and L-
chains, but individual cells did not contain both antigenic types of L-chains.

Mammalian 7§ y-globulin (y:-globu-
lin) molecules have been shown to
have at least two kinds of polypeptide
chains (/). In the human globulin,
these chains are termed H (for Heavy)
and L (for Light). The H-chain pos-
sesses the antigenic and structural spe-
cificities of 7S y-globulin; the L-chains
are moieties common to all of the im-
munoglobulins (7§ y-, Bea-, and Bem-
globulins) and are closely related to
Bence-Jones proteins (2, 3). Like
Bence-Jones proteins, L-chains (and
their parent globulin molecules) may be
grouped into two ‘broad antigenic
classes; type I and type II (3). In the
serums of normal individuals, the ratio
of type I immunoglobulins to type II
immunoglobulins is approximately 2:1
(3, 4). The 7S y-globulin paraprotein
present in the serum of a myeloma pa-
tient is of only one antigenic type.
Type 1 paraproteins are encountered
twice as frequently as type II parapro-
teins in such patients (5).

In our study, Coons’ fluorescent-anti-
body technique (6) was used to deter-
mine whether single cells produce more
than one kind of 7S y-globulin polypep-
tide chain at one time. The polypeptide
chains investigated were L-chains of
types I and II, and the H-chain of
78 y-globulin. This study was made
possible by the availability of antiser-
ums highly specific for each of the
chains of 7§ y-globulin and by improve-
ments in the preparation and use of
fluorescent antibody (7).

Antiserums were produced in male
New Zealand rabbits. The antigens used
for immunization were two highly
purified Bence-Jones proteins (Ag, of
type I, and Bo, of type IT) (8) and the
highly purified urinary protein (Cr) ex-
creted by a patient with a lymphoma-
like disease described by Franklin (9).
Antiserums to these proteins have these
specificities: Antiserum to Ag reacts
with antigenic type I molecules (78
v, Bea-, Bm-globulins, and Bence-Jones
proteins) but not with those of type
II; antiserum to Bo reacts with anti-
genic type II molecules but not with
those of type I; antiserum to Cr reacts
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with 7S y-globulin and with the papain-
produced F fragment; it does not re-
act with the S fragments of 75 y-glo-
bulins, with B:s-globulins, Be=u-globulins,
or with Bence-Jones proteins. The three
antiserums were used without absorp-
tion and do not cross-react with each
other.

The immune vy-globulins were iso-
lated from these antiserums by ammo-
nium sulfate precipitation and diethyl-
aminoethyl cellulose chromatography.
Tetramethylrhodamine  isothiocyanate
or fluorescein isothiocyanate were con-
jugated to the rabbit immune -globu-
lin preparation at pH 9.3 in the cold.
Optimum ratios of dye to protein were
obtained by chromatography on di-
ethylaminoethyl cellulose, according to
the methods of Goldstein et al. (7)
with some modifications and certain
adaptations for preparation of rhoda-
mine derivatives (710). Gel filtration of

the rhodamine conjugates on Sepha-
dex G-50 preceded ion-exchange chro-
matography. Fractions were concen-
trated by pressure dialysis.

Four fluorescent conjugates were
prepared, namely, fluorescein-conju-
gated antibody to Cr (termed Green-
Cr), rhodamine-conjugated antibody
to Ag (Red-I), fluorescein-conjugated
antibody to Bo (Green-II), and rho-
damine-conjugated antibody to Bo
(Red-II). Staining by all conjugates
used in the experiments could be specifi-
cally blocked by the prior application
of a 10- to 30-fold concentration of the
homologous nonconjugated immune
globulin to the specimen. The optimal
concentration of each fluorescent con-
jugate was determined in a series of
preliminary experiments and the rea-
gents were used at the optimal concen-
tration throughout the experiments re-
ported. The protein concentrations
used and the ratio of optical densities
at 280 mpu and 550y for rhodamine
conjugates and at 280 my and 495 mp
for fluorescein conjugates were as fol-
lows: Red-I (3 mg/ml), 3:1; Red-II
(1 mg/ml), 5:1; Green-II (0.15
mg/ml), 2:1; and Green-Cr (0.5
mg/ml), 3.3:1. Although the Red-II
and Green-II conjugates were prepared

Table 1. Percentages of stained cells in various lymphoid tissue preparations showing red,

green, or mixed fluorescence.

Tissue specimen

Cell Spleen Lymph Spleen Spleen Lymph Spleen Lymph
color No. 1 Node No. 2 No. 3 Node No. 4 Node
No. 1 No. 3 No. 4
Experiment 1. Red-I (L-1) and Green-II (L-II)
Red 60 69 66 68 66 61
Green 39 # 30 32 31 33 36
Mixed 1 1 2 1 1 3
Experiment 2. Red-1 (L-I) and Green-Cr (H)
Red 30 40 34 28 24 36 34
Green 27 19 32 25 23 15 23
Mixed 43 41 34 47 53 49 43
(M/G+M) x1001 61 69 51 65 69 75 67
Experiment 3. Red-II (L-II1) and Green-Cr (H)
Red 32 17 20 28 36 13
Green * 41 53 39 43 41 47
Mixed 27 30 41 29 23 40
(M/G+M) X 100% 39 37 52 40 36 46
Experiment 4. Red-I (L-I) and Red-11 (L-1I) and Green-Cr (H)
Red 49 25 27 35 47 33
Green # 2 8 0 6 2 5
Mixed 49 67 73 59 51 62
Experiment 5. Red-11 (L-I1) and Green-II (L-II)

Red 2 2 0 0

Green 0 * 0 * 0 0 *
Mixed 98 98 100 100

* Not done. ¥ (M/G+M) X100 = percent of mixed cells relative to total green plus mixed cells.
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from the same immunoglobulin prep-
aration, the Red-II had to be used at
seven times the concentration of the
Green-II for satisfactory staining.
Reagents used in combination (such
as Red-I and Green-II) were mixed
prior to application to the tissue.

Lymphoid tissue prints were obtained
by touching microscope slides to the
freshly cut surface of lymph node or
splenic tissue obtained at surgery or
autopsy. None of the specimens used
came from patients with myeloma or
macroglobulinemia. Stained specimens
were examined under a Leitz ultra-
violet microscope with a Corning
#5840 exciting filter and K2, 23A,
and 57A eyepiece filters.

Cells showing red, green, or mixed
fluorescence under the K2 filter were
differentiated according to the method
of Cebra and Goldstein (70) in which
Kodak gelatin barrier filters allow pas-
sage of only green light (57A) or red
light (23A). From 100 to 300 cells
were counted for each preparation and
the relative percentages of each kind
of staining were calculated.

The results of the experiments are
summarized in Table 1. Fluorescent
cells of preparations stained with both
Red-I and Green-II (experiment 1)
were either red or green but were rare-
ly doubly stained. This clear and strik-
ing distinction of cells appears to indi-
cate that, at a given time, a cell does
not produce both kinds of L-chains. In
all the experiments, the type I cells were
more numerous, appearing approxi-
mately twice as frequently as those syn-
thesizing type II chains. This is in ac-
cord with the relative concentrations of
78 y-globulin molecules of types I and
IT found in normal serum.

Preparations stained with Green-Cr
and either Red-I or Red-II (experiments
2 and 3) showed a significant percentage
of doubly stained cells. This is inter-
preted to mean that single cells may
produce at the same time both H-chains
and L-chains of the type revealed by
the appropriate stain. The green-stain-
ing cells in these experiments apparent-
Iy contain 7§ y-globulin H-chains, either
alone or together with L-chains of the
other antigenic type. That the cells
stain red in these experiments can in-
dicate production of L-chains either
alone or with H-chains of B:- or Ba-
globulins. The ratio of blended cells to
green cells was generally in accord with
the previously noted 2:1 predominance
of type I cells.
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The results of experiment 4 (Red-I,
Red-1II, Green-Cr) indicate the frequen-
cy of those cells staining for L-chain
but not for H-chain of 7§ vy-globulin
(red-staining cells) and of those cells
staining for H-chains but not L-chains
of type I or type II (green-staining
cells). Only a small percentage of cells
stained green. Possibly the red-staining
cells are producing B::- or Beu-globulin.
If so, such synthesis of these other im-
munoglobulins separate from 7§ -
globulin would be consistent with data
of Mellors and Korngold (7/7), Burtin
and Buffe (/2), and the observations
of Chiappino and Pernis on splenic
cells (13). However, in this last investi-
gation, some cells of the lymph node
germinal center were found to contain
both Bwu- and 7§ y-globulins.

Experiment 5 was performed as an
internal control of the method. Prepa-
rations stained with Red-II and Green-
IT contained almost exclusively blended
cells.

The results appear to indicate that
spleen and lymph node cells may pro-
duce both L- and H-chains of 78 -
globulin simultaneously but that they
rarely, if at all, produce both kinds of
L-chains. The ratio of type I to type
II cells (2:1) is in accord with the
relative amounts of these types of im-
munoglobulins in normal serum and
also with the relative incidence of these
antigenic types of myeloma globulins
appearing in patients with multiple
myeloma (14).
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Cutaneous Sensitivity after
Prolonged Visual Deprivation

Abstract. Subjects who were placed
in darkness for a week but who were
otherwise exposed to a normal and
varied sensory environment showed an
increase in tactual acuity and in sensi-
tivity to heat and pain. This cutaneous
supersensitivity was still present sev-
eral days after the termination of vis-
ual deprivation.

Exposure of human subjects to pro-
longed periods of sensory and percep-
tual deprivation can result in a variety
of behavorial and physiological changes
(7). One of the most perplexing of
these is an increase in pain sensitivity
(2) and in tactual acuity as measured
by both a two-point (smallest distance
separating two points of sensitivity)
threshold (3) and a tactual fusion meth-
od (4). This increase in cutaneous sensi-
tivity, which represents the only clear
instance of supersensitivity following
sensory isolation, is quite pronounced.
Furthermore, it seems to occur in all, or
almost all, experimental subjects. The
purpose of this study was to demon-
strate that an overall reduction in the
level of visual, auditory, tactual-pro-
prioceptive, and social stimulation is
not essential for the appearance of this
phenomenon. It can occur after visual
deprivation alone.

Sixteen male university students, each
wearing a black mask, were placed in
groups of two in an ordinary room
for a period of 1 week. Apart from
the exposure to constant darkness,
their environment was quite normal.
No gloves were worn and no restric-
tions were placed on their motor ac-
tivity or on conversation with one an-
other or with the experimenters. Fur-
thermore, a radio was available in the
room at all times. It was frequently
in use. There were no failures; all 16
subjects successfully endured the week
of darkness.

Measures of tactual acuity were
taken from the palm, index finger, and
forearm before and immediately after
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