are from cortical areas considered phy-
logenetically the most recent.

The ventromedial portions of the tem-
poral lobe are thought to contain struc-
tures vital for the higher-order functions
of memory and the acquisition of new
learning in man (I, 21). The striking
memory deficits observed after damage
to these regions of the brain are,
perhaps, more understandable because
the sensory information converging into
these regions appears to be highly re-
fined.
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Transfer Factor from Guinea Pigs Sensitive to
Dinitrochlorobenzene: Absence of Superantigen Properties

Abstract. Transfer factor from guinea pigs sensitive to dinitrochlorobenzene
was not bound to an immunoadsorbent column that is specific for the dinitro-
phenyl determinant. The absence of the dinitrophenyl determinant on transfer
factor suggested that the factor does not function as superantigen. The duration
of the adoptive sensitivity, the small molecular weight, and the polypeptide or
polynucleotide (or a combination) composition of the transfer factor are consist-
ent with a derepressor function of the molecule.

Early attempts to transfer delayed
hypersensitivity with disrupted leuko-
cytes suggested that a subcellular factor
was involved (). Since then, the pas-
sive transfer of delayed reactivity in
man and in nonhuman primates with
subcellular material (transfer factor)

has been well established (2). Al-

though transfers of delayed sensitivity
with cell-free material in rodents
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have been inconsistent, methods have
been described (3, 4) for the collec-
tion, isolation, and testing of transfer
factor from guinea pigs and rabbits
sensitive to 2,4-dinitrochlorobenzene
(DNCB). Essential steps for the col-
lection of transfer factor from guinea

pigs include (i) high donor-to-recipient

ratios (at least 6:1); (i) rapid col-
lection of sensitive cells without their

being washed; and (iii) incubation of
cells at high concentrations [10° cells
per 10 ml of Hanks balanced salt
solution (HBSS)] at 37°C, without
addition of serum or antigen. When
these procedures are followed, incuba-
tion fluids, collected after 4 hours,
were effective in transferring to other
animals the contact sensitivity to
DNCB (4).

Transfer factor has been described
as a heat-sensitive, dialyzable, poly-
peptide or polynucleotide (or a com-
bination) that is insensitive to deoxy-
ribonuclease, ribonuclease, and trypsin
(5, 6). Accordingly, it has been sug-
gested (2) that the specificity of trans-
fer factor is imparted by either a su-
perantigen or derepressor action. If
transfer factor served as an immuno-
gen, then transfer factor from animals
sensitive to DNCB would carry the

_dinitrophenyl (DNP) determinant. Our

studies (i) demonstrate that transfer
factor from guinea pigs sensitized to.
DNCB does not bind to an immuno-
adsorbent that possesses covalently
linked antibody to DNP, and (ii) de-
scribe additional physiochemical prop-
erties of transfer factor from guinea
pigs. The results are interpreted as be-
ing consistent with a derepressor,
rather than a superantigen, function
for transfer factor.

Hartley guinea pigs were sensitized
by six daily applications of 2 percent
DNCB applied topically to a clipped
area of the neck (I). Fourteen days
after their initial treatment, the animals
were skin tested with 1 percent DNCB,
and were given 15 ml of mineral oil
intra-abdominally. Lymph node and
peritoneal exudative cells were col-
lected (3, 4) 48 hours later. Both the
pooled lymph node cells and the pooled
peritoneal exudative cells (each from
12 to 16 donors) were incubated
separately for 4 hours in HBSS at
37°C, without addition of antigen (4).
The incubation fluids were dialyzed for
18 hours, against 20 volumes of 0.9
percent saline, at 4°C. The dialyzate
was concentrated by lyophilization and
was applied to a Sephadex G-75 col- .
umn (2.5 X 100 cm) equilibrated with
0.1M  tris(hydroxymethyl) aminometh-
ane (tris), pH 8; the effluent was
monitored at an absorbance of 260
nm. Transfer factor was associated
with a fraction eluted about 350 ml
beyond the void volume of the column.
Transfer factor activity was evaluated
by contact skin tests of 1 percent
DNCB in olive oil, which were applied
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48 hours after intraperitoneal injection
of the isolated fractions (3, 4). Con-
trol skin tests, with 1 percent citra-
conic anhydride, with 15 percent
o-chlorobenzoyl chloride, and with
olive oil, were performed on all trans-
fer recipients and on untreated animals;
the tests were negative.

Half of the transfer factor prepara-
tion was tested for activity by injecting
it into guinea pigs and then perform-
ing skin tests. The remaining material
was applied to an immunoadsorbent
that binds DNP [prepared by chemical
conjugation of rabbit antibody to DNP
with Sephadex G-25 activated by cy-
anogen bromide (7)]. Transfer factor
preparations applied to the immuno-
adsorbent specific for DNP were col-
lected as two fractions; the unbound
material that passed through the col-
umn (1 X 25 cm) with 300 ml of
0.1M tris, pH 8, and the material
eluted in 6M urea (8). Transfer factor,
from animals sensitive to DNCB, was
not bound by the immunoadsorbent
specific for DNP (Table 1) inasmuch
as the fractions eluted with 6M urea
did not elicit contact sensitivity in any
of the recipients of it. The comparable
activity observed in untreated transfer
factor preparations and in the unbound
fractions indicated that biological ac-
tivity was not adsorbed by the immuno-
adsorbent specific for DNP and, as far
as could be determined, this binding
characteristic of the immunoadsorbent
was not significantly altered at the com-
pletion of the elutions (7).

Sequential transfer experiments in
man have suggested that passive sen-
sitization is not initiated by antigen
transfer (2). In addition, the pres-
ence of antigen in transfer preparations
could not be demonstrated by lympho-
cyte transformation (9) or equilibrium
dialysis (6). In the DNCB system, at-
tempts to locate DNP groups on trans-
fer factor preparations by inhibition
of activity with antibody to DNP were
also unsuccessful (10). These experi-
mental results would be consistent with
the idea that transfer factor does not
act as immunogen; however, they do
not exclude the possibility of small
amounts of antigen in these prepara-
tions. The DNP groups that are not
detectable by other means can still be
bound by the immunoadsorbent specific
for DNP. Thus, we have attempted to
eliminate the possibility of passive
sensitization by transfer factor that
contains an antigenic determinant in
minute concentrations. Although it is
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Table 1. The passive transfer of sensitivity to
DNCB in guinea pigs with transfer factor
from a immunoadsorbent specific for DNP.
Skin  tests on recipients were performed
with 1 percent DNCB in olive oil, 48 hours
after intraperitoneal injection of transfer
factor. The results were graded 24 hours
later, as follows: 0, no detectable reaction;
1, patchy erythema; 2, homogeneous ery-
thema; 3, homogeneous erythema and in-
duration; 4, homogeneous erythema, indura-
tion, and raised reaction site.

Transfer factor activity of

. Cell Un- Immunoad-
Experi- «  treated sorbent isolates
ment | SOurce trans- rates
fer Un- Bound,
factor bound eluted
1 PEC 3 3 0
LNC 2 2 0
2 PEC 4 3 0
LNC 2 2 0
3 PEC 3 3 0
LNC 1 1 0
4 PEC 3 4 0
LNC 3 3 0

* Transfer factor isolated from PEC (peritoneal
exudative cells) and LNC (lymph node cells).

possible that the DNP determinant
could be sterically restricted from the
binding character of the adsorbent, the
small size of the molecule makes this
very unlikely. In addition, the immuno-
adsorbent effectively bound compounds
of DNP (DNP,,-bovine serum albu-
min, DNP-glucagon, and DNP-lysine)
with a range of molecular weights that
would include that of transfer factor.

The duration of adoptive immunity
to DNCB was determined by skin test-
ing transfer recipients at monthly inter-
vals after they had experienced transfer
factor stimulation. In all cases, the
recipient animals received their first,
and only, skin test on the assay day.
Of 16 recipients of transfer factor 15
initially demonstrated activity when
skin tested 48 hours after intraperi-
toneal inoculation of transfer factor.
Animals receiving skin tests at 1 month
after injection of transfer factor con-
tinued to demonstrate contact sensitiv-
ity (six out of eight animals). We ob-
served that the ability to respond to a
1 percent DNCB skin test, at 3 and 6
months after transfer factor challenge,
was reduced to about 50 percent (four
out of eight animals).

Measurements of the duration of
adoptive immunity in man indicate that
passive sensitization with transfer fac-
tor may last for years (2). Our results
demonstrated that a passive sensitivity
to DNCB can last for at least 6 months
in some animals, without applying re-
peated skin tests, in a system free from

spontaneous conversion to a sensitized
state.

The molecular weight of transfer
factor was estimated by two indepen-
dent methods. Synthetic boundary ultra-
centrifugation (/) indicated that the
isolated transfer factor has a sedi-
mentation constant (sg) of 0.2 to
0.3. In a second experiment, a Sepha-
dex G-75 column (2.5 X 100 cm) was
calibrated with carbohydrate-free com-
pounds of known molecular weight
(12). The elution profile of transfer
factor was determined and its molecu-
lar weight was estimated by comparison
with the standardized elution curve
(13). Both methods indicated that the
molecular weight of transfer factor is
between 1000 and 2000.

Our initial chemical analysis of the
isolated transfer factor both confirms
and extends the previous descriptions
of this material (4) that suggested a
polypeptide-polynucleotide composition,
Our preparations were orcinol- and
biuret-positive; the ratio of absorbance
at 260 and 280 nm was 1.7. After the
transfer factor was hydrolyzed by acid,
it was subjected to thin-layer chroma-
tography for nucleotides which indi-
cated the presence of ‘adenine, guanine,
and uracil in the preparation (/4). We
found, by amino acid analysis (15),
most of the naturally occurring amino
acids except those containing sulfur
(methionine and half-cystine); valine,
serine, and glycine were present in
greater concentrations than were the
other amino acids.

That transfer factor does not func-
tion as a superantigen is suggested by:
(i) its biochemical and physical prop-
erties; (ii) the absence of antigen
transfer; and (iii) the failure of the
isolated transfer factor from guinea
pigs sensitized to DNCB to be bound
to an immunoadsorbent that binds
DNP. The duration of the adoptive im-
munity, together with the properties
mentioned above, are consistent with
the transfer factor having a derepres-
sor function. However, this remains to
be determined by direct experiments.
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Active Transport of Potassium and Chloride in an

Identifiable Molluscan Neuron

Abstract. Direct measurements of intracellular K+ and Cl— activities before
and after blockage of cellular metabolic processes indicate that K+ is actively
transported inwardly and Cl— is actively transported outwardly from the giant
cell of the abdominal ganglion of Aplysia. The rewarming of cells that have been
cooled to 1° = 1°C causes K+ to be taken up and Cl— to be extruded against

electrochemical gradients.

The active transport of K+ and Cl—
has been convincingly demonstrated in
only one neural structure, the squid
axon (I, 2). In other nervous' tissue,
the bulk of the evidence for active
transport of either ion has been in-
direct (3) or incomplete (4). We have

directly measured intracellular K+
activity (aig), intracellular Cl— activity
(ai¢;), and membrane resting potential
(Ey) continuously, and often simul-
taneously, in the giant neuron R2 (5)
of the Aplysia abdominal ganglion. Con-
trol measurements were made over as

many as 4 to 6 hours; measurements
were also made after exposure to ei-
ther cooling, ouabain, cyanide, or 2,4-
dinitrophenol. From the results, we
conclude that (i) K+ is actively trans-
ported into this neuron, (ii) Cl— is
actively transported out of this neuron,
and (iii) the transport systems for K+
and Cl— are different.

We recorded aly and diy using
liquid ion-exchanger microelectrodes
(6), calibrated prior to and after the
measurement of intracellular activities
with KCI solutions varying in activity
from 6.0 X 10—1M to 9 X 10—3M. We
measured membrane potentials using
glass micropipettes filled with 3M potas-
sium chloride (KCl), 2.0M sodium
citrate (NagCy¢H;0;), or 0.6M sodium
sulfate (Na,SO,4) with no difference in
results. We found it easier to impale
the cell with these electrodes after we
removed the connective tissue capsule
and then washed the preparation for 30
to 60 minutes with artificial seawater
(7). After impalement, continuous
simultaneous measurements of alg, alq,
and E,; were made in 23 cells until the
values became stable (40 to 80 min-
utes). At this time, the equilibrium
potentials for Cl— and K+, (Eq, Ex),
and Ey were —55 =+ 1.0, —80 =+ 0.7,
and —50 = 1.0 mv (mean =+ standard
error of the mean), respectively. Both
Ex and E, differ significantly from Ey
(P < .01). When the control measure-
ments were extended for anoiher 300
minutes (seven cells), E¢;, Ex, and Ey
showed little change, having values of
—56 =2.0, —81 = 0.9, and —50 = 2.3
mv, respectively. The giant cells were
normally quiescent, maintaining an
Ey of about —50 mv and an input mem-
brane resistance (R;) of about 1.0
megohm and, after stimulation, action
potential overshoots of +30 to +50 mv.
It seemed reasonable then to assume

~that the cells were in a steady state

within 40 to 80 minutes after impale-
ment (8). Since Eg, Eq;, and Ey differ

Table 1. Effects of cooling and treatment with ouabain on K+ and Cl- activities in the Aplysia giant cell. Values are the mean =+ the standard
error of the mean; the numbers in parentheses refer to the number of cells; a'x and a'c, were measured concurrently in five cooled cells and
six ouabain-treated cells. All control data refer to steady-state values obtained just before the beginning of treatment. The 70-minute post-
treatment time was chosen as the time wl}en E¢ — Ey after cooling to 1°C, the ouabain data being given at the same time for purposes of

comparison. ‘
Cell alg Ex - ao Eo Ey
(mM) (mv) : (mM) (mv) (mv)
Control 187 +17.0 (7) —83+1.0 (7) 34 +1.8 (11) —59+12 (11) —49 = 1.6 (11)
70 minutes )
after cooling 149 =45 (7) —78 0.6 (7) 44 +2.6 (11) —48 = 1.2 (11) —48 =14 (11)
Control 165 = 6.0 (16) —79 =09 (16) 36 = 1.7 (6) —56 = 1.7 (6) —46 = 1.8 (16)
70 minutes after
exposure to :
ouabain 127 £ 5.4 (16) —73+1.0 (16) . 40+ 1.1 (6) —53+1.3 (6) —37 % 1.5 (16)
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