ently attributed to surface effects rather
than to the total K and Na or 42K and
24¢Na contents of the sample.

A good elution flow rate through
the column is about 1 ml per minute.
If we include the time for both diges-
tion and elution, the fastest separation
we have achieved thus far is approxi-
mately 1 hour, and it is possible to
reduce this time further.

We are applying this procedure in
our studies of trace elements in nor-
mal and diseased human tissues. We
have also demonstrated its usefulness
in the study of contaminants in reactor
cooling water and in investigations of
cyclotron-produced radionuclides, in
both of which cases copious quantities
of interfering 2¢Na are produced when
aluminum components or target wrap-
ping foils are subjected to fast neu-
tron bombardment.

CHUNG-WAL TANG
CONSTANTINE J. MALETSKOS
Cancer Research Institute,
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and Department of Pathology,
Harvard Medical School,
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Magxillary Mycangium in the
Mountain Pine Beetle

Abstract. 4 mycangium containing
blue-stain fungi and yeasts is located
in the cardo of the maxilla of the
mountain pine bettle, Dendroctonus
ponderosae Hopk. Symbiosis between
one or more of the microorganisms
and the insect is indicated.

We report here a mycangium in the
maxilla of a scolytid beetle; we have
cultured blue-stain fungi from this
specialized structure. Mycangia have
been reported previously. Nunberg
speculated that special organs (now
called mycangia) in the ambrosia beetle
Trypodendron lineatum Oliv. = Xylo-
terus Oliv.,, were involved in fungus
transmission (7). Mycangia were sub-
sequently found in this and several
other ambrosia beetles and in some
bark beetles. The occurrence of my-
cangia, their distribution, and function
have recently been reviewed (I). Blue-
stain fungi colonize phloem and sap-
wood of trees successfully attacked by
bark beetles. Farris (2) reported evi-
dence of a mycangium in the pregular
region: of the mountain pine beetle.
We now describe the location, struc-
ture, and contents of this mycangium.

We obtained newly emerged beetles
from infested lodgepole pine Pinus con-
torta Dougl. var. latifolia Engelm., in
the East Kootenay region of British
Columbia. Insects not used immediate-
ly were stored individually up to 1
week at 4°C with pieces of lodgepole
pine phloem. Sagittal and transverse
sections and whole mounts of maxillae

were stained (3) for examination for
fungal material. To culture microor-
ganisms from mycangia, we separated
aseptically the cardines from the maxil-
lac that were extracted from recently
removed heads. The cardines were
placed in either sterile water on micro-
slides or in a petri plate of 2 percent
water agar or potato dextrose agar
with 0.02 percent yeast extract. Cul-
tures were kept in a moist chamber on
the laboratory bench and examined at
X450 at 12 hour intervals. Pure cul-
tures originating from mycangial open-
ings were obtained from hyphal tips or
spores. For scanning electron micros-
copy (4), unfixed whole maxillae were
mounted with egg albumen on a cover
glass affixed to a specimen stub with
high conductivity paint, coated with
approximately 100 A of carbon and
300 A of gold paladium at an angle of
45° from the point of evaporation, and
examined at a beam voltage of 3 kv.

Cultures from aseptic dissections of
the pregular region consistently showed
fungal growth arising toward the
proximal end of the cardines. The
mycangium was located during detailed
examination by light and scanning elec-

“tron microscopy (Fig. 1). It was pres-

ent in both cardines of both sexes of
this beetle and opened on the inner
surface slightly above the fossa be-
tween the muscle processes (5). The
position of the mycangium on the con-
torted cardo was readily seen under the
scanning electron microscope (Fig. 1).
This greatly facilitated examination
and comprehension of whole mounts
and sections of cardines viewed by
light microscopy (X100). A column
of hyphae and spores was seen fre-
quently extending from the mycangial
opening. One column was approximate-
ly as long as the cardo (about 175 pm).
Stained sections (Fig. 2) and whole
mounts of maxillae revealed a reticu-
late tube containing fungus material
in one of the two muscle processes of
the cardo. The structure of this mycan-
gium, and the peglike protrusions on
its inner surface as seen in Stereoscan
preparations, resemble those of several
species of Trypodendron (6).

The blue-stain fungi and yeasts that
occur in lodgepole pine attacked by the
mountain pine beetle (7) were cultured
from mycangia. Isolations were made
from one or the other mycangium of
32 unsexed insects. The fungi obtained
and the number of mycangia that pro-
duced them were: Ceratocystis montia
Rhumb., 5; Europhium clavigerum
Robinson and Davidson, 16; yeasts, 18
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Fig. 1. Scanning electron micrograph of a
cardo of Dendroctonus ponderosae. My-
cangium (m) near proximal end with my-
celium and spores of a blue-stain fungus
or yeast, or both, in the opening.

Fig. 2. Stained section, 15 um, of Den-
droctonus ponderosae mycangium showing
reticulate structure. Fungus material (fm)
is darkly stained.
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[mostly Pichia pini (Holst) Phaff,
Hansenula capsulata Wickerham, or H.
holstii Wickerham]; Trichoderma spp.,
4; Penicillium spp., 3; and Cladospori-
um spp., 2. Three mycangia yielded
yellow bacterial colonies only, and two
did not yield any microorganisms.
Some mycangia yielding blue-stain
fungi also yielded one, and sometimes
two, yeasts. However, the two blue-
stain fungi, C. montia and E. clavi-
gerum, were never found together in
the same mycangium, and the nonblue-
stain fungi were usually solitary.

Mycelia and spores were observed
but not cultured in 59 (48 females, 11
males) of 72 additional insects ex-
amined. However, when two of the 13
showing no visual evidence were cul-
tured, both yielded Ceratocystis montia
and a yeast. Of 29 Dendroctonus pon-
derosae adults sectioned and stained,
fungi were present in the mycangia of
17 of 22 females and 5 of 7 males.
The maxillae of 9 adult females ex-
amined in stained whole mounts all
showed fungus material in the my-
cangia.

The variable length of fungal col-
umns extending from the mycangia,
the absence of microorganisms from
some mycangia, and the occasional
presence of fungi other than blue-stain
or yeasts in other mycangia suggested
that the microorganisms in the mycan-
gium undergo change.

Symbiosis between certain fungi and
wood and bark-inhabiting beetles of the
family Scolytidae has been recognized
for over 100 years (8). Discovery of
a mycangium containing blue-stain
fungi and yeasts in D. ponderosae in-
dicates symbiosis between one or more
of these microorganisms and this insect.
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Potassium Ions Asymmetrically
Activate Erythrocyte
Membrane Phosphatase

Abstract. In reconstituted ghosts of
human red cells, the cell membrane
phosphatase is activated by external,
but not by internal, potassium. This
finding is consistent with the possible .
participation of the membrane phos-
phatase in the enzymatic system re-
sponsible for cation transport.

The hydrolysis of adenosine triphos-
phate (ATP) by the cell membrane
(Na+ - K+)-adenosine triphosphatase
system seems to follow a sequence of
at least two steps: (i) A (Nat + Mg2t)-
dependent transference of the terminal
phosphate of ATP to the protein of the
enzyme, and (ii) a K+-activated release
of inorganic phosphate from the phos-
phorylated protein. This sequence of
reactions can be written as follows.

ATP + enzyme <§II—;;—+* enzyme-P + ADP

+
enzyme-P 4+ H.O —K——éenzyme + P

It has been suggested that the mem-
brane-bound p-nitrophenyl phosphatase
activity, activated by K+ and sensitive
to ouabain, is the expression of the
ability of the (Na+* 4 K+)-adenosine
triphosphatase system to hydrolyze
other phosphate esters apart from the
phosphorylated intermediate (enzyme-
P) (I). If the suggested identity of the
K+-activated phosphatase activity with
the last step in the adenosine triphos-
phatase reaction is true, both enzymes
would share the same K+ sites. One of
the main predictions that this assump-
tion leads to is that the activation of
the phosphatase by K+ would take
place, as in the (Na+ 4+ K+)-adenosine
triphosphatase system, only when K+
is at the external surface of the cell
membrane (2). We report experiments
which test this prediction on “recon-
stituted ghosts” of human red cells.

The red cell membrane is highly
permeable to the phosphatase substrate
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