of L5 neurons shows them to be inter-
posed between L1-L.2 terminal pairs in
the medulla and some second-order neu-
rons whose position is analogous to that
of vertebrate ganglion cells. Possibly this
relationship provides yet another adapta-
tion channel whose input is derived from
two separate receptor systems, scotopic
and photopic.

Our studies show that although the in-
sect external plexiform layer is complex
neuropil in terms of its cell types, it is
highly ordered in terms of synaptic loci
and neuronal geometry. Also, electro-
physiology has revealed many character-
istics of the insect EPL that suggest ana-
logies with the vertebrate counterpart.
Whether or not the present functional
proposals, derived from structural inves-
tigations, are confirmed will depend on
future electrophysiological studies of the
lamina neurons and their identification
by dye or cobalt injection (/9).
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Surface Molecules of Hematopoietic Stem Cells:

Requirement for Sialic Acid in Spleen Colony Formation

Abstract. Enzymatic treatment was used to test the function of some surface pep-
tides and carbohydrates in hematopoietic spleen colony formation. Proteases and
most glycosidases had no effect on spleen colony formation, whereas treatment with
Vibrio cholerae neuraminidase reduced colonies by one-half. Intact sialic acid (resi-
dues) appear to play an important role in colony formation.

Suspensions of bone marrow cells in-

jected into lethally irradiated mice cause
discrete colonies of proliferating hemato-
poietic tissue on the recipient’s spleen
within 7 days after injection (I). These
colonies are clones (2), each arising from

a

single cell (colony-forming unit, or

CFU-S), the progeny of which can ulti-

mately restore hemopoietic function (3).
Since at least some CFU-S accumulate
specifically in the spleen and bone mar-
row, the processes of site recognition
and selective adhesion should precede
implantation and colony formation.

Cell-surface carbohydrates and glyco-

proteins have a role in cell-to-cell recog-

Table 1. Effect of selective removal of surface components on the number of spleen colonies.
Each enzyme group was incubated with enzyme for 1 hour at 37°C. Lethally irradiated recipi-
ents were transfused with 2.5 X 10° nucleated marrow cells. Each treatment group had an ap-
propriate control, handled identically, except that buffer was substituted for enzyme. After 7
days, mice were killed, their spleens were removed and fixed, and colonies were counted. The P
values are from Student’s z-test; each treatment group was compared to its corresponding con-

trol.
Colonies per Spleens
Treatment group 2.5 x 10°cells (No.)

Control 18.1 = 1.8 8
Elastase (2 unit/ml) 15.4 = 1.8*% 7
Pronase (0.5 unit/ml) 17.0 = 1.7* 6
CONTROL 23.0 £ 2.6 7
Papain (1.2 unit/ml) 20.4 + 2.5% 7
Control 27.6 = 3.7 14
Trypsin (0.005 percent) 26.8 = 1.5% 8
Trypsin (0.05 percent) 31.2 = 2.6* 8
Control 27.6 = 3.7 14
Trypsin (0.25 percent) 24.0 = 3.7* 13
Control 255 +1.3 8
a-D-glucosidase (2 unit/ml) 23.2 + 1.6* 7
B-D-glucosidase (2 unit/ml) 24.3 £ 2.3% 6
Control 13.5 £ 3.3 16
a-L-fucosidase (20 unit/ml) 14.4 = 3.4* 14
Control 253 5.5 14
B-galactosidase (20 unit/ml) 22.0 £ 5.5% 16
Neuraminidase (20 unit/ml) 14.3 = 1.2% 16
Heat-inactivated neuraminidase (20 unit/ml) 24.7 = 4.6% 14

*Not significant.

TP < .001.

897



nition processes (¢) and cellular adhesion
(). Because implantation of CFU-S in-
volves a site-recognition process, we set
out to characterize the involvement of
some surface peptides and carbohy-
drates in the CFU-S recognition-implan-
tation process.

Bone marrow suspensions from 6-
week-old CF1 mice were prepared in glu-
cose-free Hanks solution (GFH) and
passed through a 200-mesh stainless
steel screen. Nucleate cells were enumer-
ated by a Coulter counter. Cells at
3.5 X 107 per milliliter were incubated
with or without enzyme in GFH for 1
hour at 37°C. All enzymes were assayed
for activity (6). Trypsin-incubated cells
were treated with excess trypsin inhib-
itor prior to washing. Cells were washed
once by a 30-fold dilution in GFH, and re-
suspended in GFH for injection. Recipi-
ent mice received 850 rads (7) 24 hours
before transfusion of 2.5 X 10° nucleated
marrow cells via tail-vein injection. After
7 days, mice were killed, and their
spleens were fixed in-a mixture of alco-
hol, formalin, and acetic acid. Colonies
were counted under a dissecting micro-
scope at a magnification of X 15.

Table 1 shows the effect of selective re-
moval of cell-surface components on
spleen colonies. None of the proteases
tested—elastase, Pronase, papain, or
trypsin—had any effect on CFU-S. Simi-
larly, a-D- and B-p-glucosidase, B-galac-
tosidase, and a-L-fucosidase had no ef-
fect on CFU-S. However, Vibrio choler-
ae neuraminidase (VCN) reduced CFU-
S by about one-half (56 percent). Trypan
blue viability of the inoculum was unaf-
fected. VCN exhibited no measurable
nonspecific enzymatic activities. Heat-
ing VCN for 10 minutes in a boiling wa-
ter bath abolished both enzymatic activi-
ty and the reduction of CFU-S, in-
dicating that the action was enzymatic
rather than a nonspecific phenomenon.
In addition, enzyme concentrations far
in excess of that required to achieve max-
imal reduction in colonies (Table 2) had
no additional effect, further supporting
the idea that VCN exerts its effect by re-
moval of sialic acid rather than by cy-
totoxicity.

Surface sialic acid residues, therefore,
appear to play a role in the fate of approx-
imately half of the CFU-S in the in-
oculum. The mechanism of this VCN-in-
duced reduction of spleen colonies is not
clear. Several possible explanations,
however, could be put forward—that is,
killing of some CFU-S, a rapid clearing
of VCN-susceptible CFU-S from circula-
tion, or the blocking of some CFU-S
from implantation.
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Table 2. The effect of Vibrio cholerae neura-
minidase (VCN) concentration on the number
of spleen colonies. Bone marrow cells (3.5 x
107 in 1 ml were incubated with appropriate
amounts of VCN for 1 hour at 37°C. After
being washed once in GFH, 2.5 X 10° nucle-
ated marrow cells were transfused into lethal-
ly irradiated mice. After 7 days mice were
killed, their spleens were removed and fixed,
and colonies were counted. The results are ex-
pressed as the means =+ standard error of at
least seven spleens.

VCN Colonies per
(units) 2.5 x 103 cells
0 194 = 3.4
0.01 20.0 = 1.2
0.1 17.4 = 2.3
0.5 15.2 £ 3.2
1.0 9.7 £2.3
25.0 99 +2.0
50.0 10.2 = 3.0

Selective killing of some CFU-S could
occur if cryptic antigenic sites were ex-
posed by VCN treatment, as occurs with
human lymphocytes (8). A naturally oc-
curring antibody to these exposed anti-
gens has also been reported (9). Similar-
ly, VCN-induced exposure of cryptic
sites on a heterogeneous subpopulation
of the CFU-S could be a mechanism for
selective Kkilling of those CFU-S.

Removal of sialic acid from plasma
proteins (10) and erythrocytes (I1) re-
sults in their clearance from circulation,
and VCN-treated rat lymphocytes exhib-
it altered circulation patterns (/2). There-
fore, the possibility that VCN-treated
CFU-S are removed from circulation or
bound at another site must be consid-
ered.

Some receptors are exposed on the
surface of cells for only a portion of the
cell cycle (13). If the presence of sialic
acid-containing receptor is also a func-
tion of cell cycle, VCN could effectively
block the implantation of only those
CFU-S with exposed implantation recep-
tors. While the actual mechanism of the

VCN-induced reduction in spleen colo-
nies is unclear, an important role for sur-
face sialic acid in spleen colony forma-
tion is demonstrated.

QUENTIN TONELLI, RUSSEL H. MEINTS
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Membrane Potential of Mitochondria

Measured with Microelectrodes

Abstract. The membrane potentials of giant mitochondria from cuprizone-fed mice
were found to be independent of metabolic state. Experiments are described in which
the presence of the microelectrodes in the inner mitochondrial space, and the meta-
bolic viability of the impaled mitochondria, are validated.

In some previous studies (/—<4), mem-
brane potentials were measured in iso-
lated mitochondria (3 to 4 um in diame-
ter) of Drosophila, by means of micro-
electrodes driven by a piezoelectric

drive. The mitochondria were coupled,
and the potentials, which ranged from 10
to 20 mv, inside positive, were found not
to depend on metabolism (2). The mem-
brane resistance ranged from 1 to 4 ohm-
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