populations from both groups. Signifi-
cant differences, however, were ob-
served in the concentration of insulin
required to inhibit 50 percent of maxi-
mum binding in lymphocytes from
obese and normal weight people. At
present, we feel that studies in which
circulating lymphocytes are used to ex-
amine insulin binding in resistant states
should be viewed with some caution.
Unlike the adipocyte, circulating
Iymphocytes have extremely low levels
of specific insulin binding and, to date,
no biological response to insulin has
been observed (19). Furthermore,
preparations of the circulating lympho-
cytes used in these insulin binding
studies were significantly contaminated
with other cell types (I8), some of
which bind insulin avidly (19). The
second report, which was presented at a
symposium in 1971 (20), alludes to
studies of insulin binding to human fat
cells from obese and lean individuals.
No affinity studies were performed
and there is no information on the
quantity of insulin bound per cell
Furthermore, saturability, a requisite
of specific receptor binding, was not
present.

It has been suggested that elevated
circulating insulin may contribute to
the decrease in insulin receptors seen
in some insulin-resistant states (21).
Studies of cultured human lymphocytes
(19, 21) which, unlike peripheral circu-
lating lymphocytes (19), possess a high
density of insulin receptors have shown
that the incubation of lymphocytes
with very high concentrations of in-
sulin (> 10—-8M) for five or more
hours at 37°C leads to a decrease in
insulin receptors (21). The concept
that elevated concentrations of insulin
lead to a decrease in receptors does
not appear to apply to human obesity.
Despite elevated concentrations of in-
sulin (Table 1), there is no decrease
in insulin binding to either human
adipocytes as shown in the present
study (Fig. 1) or to circulating lym-
phocytes (18).

An impairment of insulin action in
large adipocytes from obese human
subjects has been demonstrated (3-6).
Although the present study indicates
that this insulin resistance follows the
insulin-cell association, it does not pro-
vide direct information concerning the
cellular alteration (or alterations) re-
sponsible for hormonal insensitivity.
One possibility is that a “dilution” of
insulin receptors over the surface area
of large cells may hinder the trans-
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mission of the signal arising from the
interaction between insulin and the
insulin receptor (16). This does not
appear to be the case in at least one
animal model in which large adipocytes
have an efficient D-glucose transport
system that is responsive to insulin
despite reduced insulin-stimulated glu-
cose oxidation (22). Numerous studies
in which both animal (23)and human
(6, 24) adipocytes were used show
that intracellular carbohydrate and
lipid metabolism is altered in large fat
cells as compared to small ones. It is
possible that these metabolic alterations
might render large fat cells less sensi-
tive to some of the actions of insulin
which would in turn appear as insulin
resistance.

JoHN M. AMATRUDA

JAMES N. LIVINGSTON

DEeAN H. Lockwoop
Departments of Medicine,
Pharmacology, and Experimental
Therapeutics and Division of Animal
Medicine, Johns Hopkins University
School of Medicine,
Baltimore, Maryland 21205
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Nuclear Magnetic Resonance of Rotational Mobility of
Mouse Hemoglobin Labeled with [2-*C]Histidine

Abstract. Carbon-13 nuclear magnetic resonance studies were made on mouse
hemoglobin specifically labeled at the C-2 histidine position. Measurement of the
spin lattice relaxation times of the label before and after hemolysis of the erythro-
cytes provides information on the intracellular fluid viscosities.

Suspensions of some cells (Z, 2) and
even tissues (3) exhibit 13C nuclear
magnetic resonance (NMR) spectra
characterized by a high degree of reso-
lution, thus providing an opportunity
for studies of the structure and dy-
namics of molecular constituents in
intact cells and tissues. In complex sys-

tems containing large numbers of car-
bon atoms, selective enrichment with
13C offers a number of advantages (4),
and the introduction of the isotope la-
bel does not perturb (5) the experi-
mental system to the extent that fluo-
rescent probes or paramagnetic spin
labels do. In this study we have used
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Fig. 1. (a) Carbon-13 Fourier transform
NMR spectra of [**Clhistidine-labeled car-
bonmonoxyhemoglobin; (b) natural abun-
dance mouse carbonmonoxyhemoglobin.
The spectrum in (a) represents 8,106
pulses; the spectrum in (b) represents
68,700 pulses. The samples contained dif-
ferent concentrations. The spectra were
taken at 25°C.

13C spin lattice relaxation time (T)
measurements to demonstrate that the
rotational mobilities of intracellular and
extracellular mouse hemoglobin labeled
with [*3Clhistidine differ only by ~25
percent. This result suggests that the
viscosity of the intracellular fluid is not
“unusually” large (at least in the eryth-
rocytes studied here), a question that
has been the subject of recent discus-
sions (6, 7).

The 13C-labeled erythrocytes and
hemoglobin were obtained from 12 mice
[Los Alamos inbred strain, RF(H2K)]
fed freely for a minimum of 65 days
on a histidine-deficient diet (General
Biochemical) supplemented with 0.2
percent by weight of L-[2-13Clhistidine
(90 atom percent 13C). The histidine
was synthesized by A. Murray accord-
ing to the method of Tesar and Ritten-
berg (8) and Ashley and Harrington
(9). The Fourier transform (FT) 13C
NMR spectra were obtained at 25.2
Mhz with a Varian XL-100 spectrome-
ter interfaced to a Supernova computer
and locked to the deuterium resonance
(15.4 Mhz) of an external D,O capil-
lary. Measurements of T; were made
by using a pulse sequence (180°-£-90°,
where ¢ is a suitable time delay), fol-
lowed by Fourier transformation of the
free induction decay (10). The resulting
partially relaxed Fourier transform
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(PRFT) spectra can be plotted as a
function of ¢ to obtain T;.

A spectrum of mouse hemoglobin
labeled with [*8C]histidine is shown in
Fig. la, and the spectrum of unlabeled
mouse hemoglobin is shown in Fig. 1b.
The intense resonance centered at 135.8
parts per million (ppm) (with respect to
external tetramethylsilane) in Fig. la
corresponds to the resonances at the
2-carbon of each of the 40 histidine
residues in mouse hemoglobin (11),
the chemical shifts of the center of the
envelope corresponding closely to the
histidine C-2 shift in the isolated amino
acid (12). No resonances outside of
this envelope corresponding to the his-
tidines directly coordinated to the iron
were observed. Such a resonance would
correspond to four histidines per mole-
cule and would be approximately as
intense as the observed CO resonance
in carbonmonoxyhemoglobin. Since the
CO 13C resonance in carbonmonoxy-
hemoglobin is shifted by only 22 ppm
relative to a saturated CO solution
(13), an even smaller shift would be
expected for the histidine 3C-2 not
directly coordinated to the iron. The
width of the envelope is large, 85 hertz
(full width at half maximum intensity),
and may reflect small chemical shift
inequivalencies of the many histidine
residues together with a pronounced
broadening of the individual 13C-2
resonances (50 to 60 hertz) because the
hemoglobin has a long rotational cor-
relation time, as shown below.

The intensity data obttained from the
PRFT spectra of hemoglobin solutions
and erythrocyte suspensions at a num-
ber of frequencies on the upfield and
downfield sides of the 13C-2 maximum
at 135.8 ppm as a function of the de-
lay time (¢) between the 180° and 90°
pulses, indicates that most of the 13C-2
resonances are equivalent in their spin
lattice relaxation behavior and exhibit
an exponential recovery of magnetiza-
tion. In Fig. 2 are plotted the intensity
data (obtained at the 135.8-ppm peak
maximum from the PRFT spectra) as
a function of ¢ for the [2-13Clhistidine
resonances of a carbonmonoxyhemo-
globin solution and an erythrocyte sus-
pension at equivalent hemoglobin con-
centrations. The average T, values for
the two systems are 114 msec and 138
msec, respectively. Since T, is a dou-
ble-valued function of the rotational
correlation time (7y), the measured
values do not uniquely determine 7.
Thus, for the hemoglobin in erythro-
cyte suspension, 7 can equal 3.3 X

4.0 r T T T

( Mp—Mt)

0"0 . l(})O ’ 260

t (msec)
Fig. 2. T, plots—(M. — M,) as a func-
tion of ¢+ (where M is magnetization)—
for the histidine peak of enriched hemo-
globin in whole erythrocytes (A) and
hemolyzed, carbonmonoxy-saturated eryth-
rocytes (Q) at 23°C.

10—19 second or 4.1 X 10—8 second;
and for the hemoglobin in homogeneous
solution 7y can equal 4.1 X 10—10 sec-
ond or 3.3 X 10—8 second (I4). Sev-
eral methods are available for distin-
guishing the side of the T; minimum
to which the measurement corresponds.
The simplest is a measurement of Over-
hauser enhancements (7). For (og +
o) T € 1 (where og and oy are
the 13C and 'H frequencies), the theo-
retical enhancement is 2.988, whereas
if the rotation is sufficiently slow so
that oo 7;; > 1, the nuclear Over-
hauser enhancement should decrease
to 1.153 (I5). Overhauser enhance-
ment measurements gave values of
0.99 and 0.96, consistent with the
longer values for 7. Such correlation
times fall within the range expected
for a protein the size of hemoglobin
and compare favorably with the value
of 40 nsec found for the a-carbon
atoms of hemoglobin (16), which are
rigidly locked into the hemoglobin
structure. These data suggest that the
histidine residues are locked tightly
into the hemoglobin structure, and that
the correlation time for the relaxation
of the 13C-2 resonances is the correla-
tion time for the rotation of the hemo-
globin molecule.

The absence of any dramatic change
in the rotational correlation time ac-
companying hemolysis suggests that the
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intracellular viscosity is not signifi-
cantly greater than an aqueous solu-
tion of the hemoglobin at a similar
concentration. Using the Stokes-Ein-
stein equation and a value of 55 A for
the molecular diameter (17) gives
viscosities of 1.94 centipoise and 1.56
centipoise before and after hemolysis.
These results support the view that the
protoplasmic viscosity is not very dif-
ferent from that of pure water; most
of the differences that do exist can be
explained by the high concentration of
protein present. The results differ, how-
ever, from the general conclusions of
Keith and Snipes (7) who found large
values for the intracellular viscosities
of a variety of cells. The difference
may reflect differences in the cells
tested or in the interpretation of the
data, as has been suggested (6). In
general, the use of 13C NMR to study
both intracellular and extracellular pro-
teins should prove valuable for deter-
mining differences between the in vivo
and in vitro environments of enzymes.
R. E. LoNDON, C. T. GREGG
N. A. MATWIYOFF
Los Alamos Scientific Laboratory,
University of California,
Los Alamos, New Mexico 87544
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Inhibition of Immune Responses in vitro by Specific

Antiserums to Ia Antigens

Abstract. Mouse antiserums prepared against la antigens, which are products
of 1 (immune reponse) region genes of the H-2 complex, can inhibit both pri-
mary (immunoglobulin M) and secondary (immunoglobulin G) immune responses
in vitro by mouse spleen cultures to heterologous erythrocytes. Antiserums directed
specifically at products of either the H-2K or H-2D loci have no effect on this

response,

Recently we and others have de-
scribed a system of antigens, Ia, which
is controlled by the I (immune response)
region of the H-2 gene complex (I—4).
These antigens are expressed only on a
subset of lymphocytes, which led to
early conclusions that Ia antigens were
confined to either thymus-derived (T)
cells (3, 4), or bone marrow—derived
(B) cells (2). We have shown that Ia
antigens are expressed both on T and
B cells (3).

If Ia antigens are related either to
Ir gene products or to the cooperation
factors postulated by Katz (6), then
one might predict inhibition of im-
mune response in vitro by antiserum to
Ia antigens, by direct blockage of
either the antigen receptor or of the
cooperation sites on the cell membrane
by antibodies in the serum. Pierce et al.
(7) have shown that polyspecific H-2
alloantiserums, which could contain
antibodies to Ia, inhibit primary re-
sponses in vitro to sheep red blood cells
(SRBC).

Using carefully defined antiserum to
Ia, antiserum to H-2K, or antiserum to
H-2D, we have been able to show
inhibition of the secondary response to
burro red blood cells (BRBC) in vitro,
as well as inhibition of the primary
response to SRBC.

All mice used were raised in the
mouse colony of the Department of
Human Genetics, University of Michi-
gan. Antiserums specific for Ia anti-
gens were produced by reciprocal im-
munization of A.TH and A.TL mice
(1). These strains are identical in their
H-2K and H-2D regions, and differ
only in the I and S (serum protein)
regions of the H-2 complex. All serums
used came from a single pool that was
well characterized for cytotoxic activ-
ity. These serums contain multiple
antibodies to antigenic determinants
mapping in the I region. Antiserum to
H-2K* was prepared in (A X A.AL)F,
mice by immunization with tissue from
A.TL mice. Two antiserums reacting
with H-2D specificities were used as
controls: (i) (C3H X B10)F; anti-
serum to C3H.Q, an antiserum to

H-2.13, which might contain antibodies
to I¢ region antigens but could not
contain antibody to I¥ region antibod-
ies because the H-2k haplotype is pres-
ent in the recipient; or (ii) (B10 X
AKR.M)F, antiserum to B10.A, which
could also contain antibody to I¢ region
antigens but also is blocked for IF
region antigens by the presence of
AKR.M in the recipient. Antiserums
were diluted 1:2 and sterilized by
filtration before they were used in cul-
tures.

Mouse spleen cell cultures were
established by a modification of the
method of Mishell and Dutton (8).
Primary cultures were made with
SRBC from a single animal and as-
sayed on day 4 for direct plaque-form-
ing cells (PFC) by a modification of
the method of Jerne and Nordin (9).
For secondary responses, spleen donors
were immunized at least 3 weeks be-
fore use with 0.1 ml of a 10 percent
suspension of BRBC. Cultures were
stimulated with BRBC and assayed on
day 4 for both direct and indirect PFC.
For cultures treated with antiserum,
two procedures were used. In the pri-
mary responses, 100 ul of the sterile
diluted antiserum was added to the
cultures on day 0. In the secondary
responses, spleen cells were treated be-
fore culture with a single concentration
of antiserum (usually 1:2) for 20
minutes at room temperatures, and
then placed on ice for 20 minutes. The
cells were washed four times and then
cultured with BRBC,

After adding either of the two spe-
cific antiserums to Ia to unprimed cell
cultures we observed a depression of
the number of direct PFC recovered.
However, in many experiments there
were suppressive effects of normal
serum, which did not seem to be re-
lated to a particular serum, since the
same pool of normal serum might be
suppressive one day and inactive an-
other. We have pooled the data from
the experiments on primary responses
from all treatments at concentrations
of serum greater than 1 :1000. Re-
sponses of cultures treated with nor-
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