
the Periodic Table, the "inert gases," 
because of their presumed nonreactivity, 
have occupied an isolated position, 
apart from the other groups of chemical 
elements. Discovery that at least two 
of these elements readily form stable 
compounds opens the door to investi- 
gations which should more closely in- 
tegrate this group with the rest of the 
Periodic Table. 
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Azeotropic Freeze-Drying 

Abstract. Spheres of comminuted frozen 
meat were freeze-dried by boiling in tol- 
uene under reduced pressure. The dehy- 
dration was performed at 30'C and ap- 
parently took place without melting the 
ice. The dried product rehydrated readily 
and showed all the characteristics of freeze- 
dried defatted meat. 

Freeze-drying is possible without vac- 
uum, so long as the water vapor pres- 
sure of the medium surrounding a 
frozen specimen is below the vapor 
pressure of ice at that temperature. This 
process was demonstrated in the dry air 
freeze-drying experiments of Meryman 
(1) and Lewin and Mateles (2). 

Azeotropic mixtures are composed of 
two or more compounds that dis- 
till together without decomposition or 
reaction. The boiling point of an 
azeotropic mixture is constant, and is 
lower than the boiling point of its con- 
stituents. The composition of the azeo- 
tropic vapor depends upon the molec- 
ular weight and vapor pressures of the 
mixture components at a given temper- 
ature. The purpose of our work was 
to test the feasibility of azeotropic 
freeze-drying. 

At 0WC water and toluene form an 
azeotrope with a vapor pressure of 12.1 
mm-Hg. Of this pressure 4.6 mm rep- 
resents the vapor pressure of ice and 
7.5 mm the vapor pressure of toluene. 
The composition of the azeotrope is 
10.7 percent water and 89.3 percent 
toluene. If the temperature is increased, 
but the water is still frozen, the compo- 
sition of the azeotrope changes. The 
vapor pressure of the solvent increases, 
while the vapor pressure of water de- 
pends on the temperature of ice. The 
azeotropic mixture becomes unsatu- 
rated. The degree of saturation depends 
on the rate of heat supply to sublimate 
the ice, and on the rate of vapor remov- 
al from the boiling flask. The vapor 
pressure at the solvent-ice contact is 
greater than the vapor pressure of sol- 
vent in other parts of the flask. Thus, 
violent boiling occurs around a frozen 
specimen. Due to the temperature dif- 
ference between the condenser and the 
boiling flask, the azeotrope is rapidly 
removed. Heat of 620 cal is necessary 
to sublimate I g of ice at 0C, and 
since the vapors are rapidly removed, 
it is not likely that the ice will melt. 
These postulates were tested experi- 
mentally. 

Approximately 300 ml of toluene 
were placed in a 700-ml round bottom 
flask and heated to 300C. The flask was 

fitted with an insulated Bidwell-Sterling 
receiver arm, a condenser, a manom- 
eter and a vacuum line. A 7-g sphere 
of frozen (-151C) comminuted meat, 
about 1.5 cm in diameter, was placed 
in the flask and a vacuum was drawn 
immediately. When the pressure reached 
33 mm-Hg (in approximately 60 sec- 
onds) the contents of the flask surround- 
ing the meat sample came to a vigorous 
boil. Vapors rose to the condenser, 
where they separated into water and 
toluene. Water settled in the Bidwell- 
Sterling receiver while toluene returned 
to the flask. At the end of 90 minutes, 
4.8 ml of water had accumulated in the 
receiver, and the boiling subsided. At 
that time air was allowed to enter the 
system. The sample was withdrawn and 
placed for 45 minutes in an air oven 
at 101 IC to dry off the solvent. 

After drying in the oven, the sample 
had the typical porous structure of 
freeze-dried meat. The weight of the 
dry material was 1.5 g and its dimen- 
sions appeared unchanged. Upon im- 
mersion in water, the material promptly 
rehydrated to the consistency and ap- 
pearance of very lean, raw, ground 
meat. Its taste was that of uncooked 
beef. 

HuGo E. WISTRETCH 
JEREMY A. BLAKE 

Research and Development Laboratory, 
Preservaline Manufacturing Company, 
Flemington, New Jersey 

References 

1. H. T. Meryman, Science 130, 628 (1959). 
2. L. M. Lewin and R. 1. Mateles, Food 

Technol. 16, 94 (1962). 

26 April 1962 

Simple Apparatus for Ultrafiltration 

Abstract. A rapid and highly efficient 
ultrafiltration apparatus has been devised 
from readily available laboratory materials 
costing less than $5. Employing a fritted 
glass tube to support an evacuated dialysis 
bag, it accommodates as little as 1 milli- 
liter and is ideally suited to dialysis of 
small volumes and concentration of macro- 
molecules for chromatography and elec- 
trophoresis. 

In our laboratory it is routinely nec- 
essary to concentrate protein solutions 
for electrophoretic analysis and to re- 
move protein from an amino acid solu- 
tion for chromatographic analysis. 
These two operations are carried out 
simultaneously with the apparatus 
shown in Fig. 1. The grommet (Walsco 
Electronics, No. 7034-F; inside diam- 
eter, 1?4 in.; mounting hole, 3/8 in.) is 
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Fig. 1 (left). Materials for the ultrafiltra- 
tion apparatus. (Left to right) Clamp. 
vacuum tubing, test tube, fitted immer- 
sion filter, grommet, dialysis tubing, and 
rubber band. Fig. 2 (right). Ultrafiltration 
apparatus (left) assembled, showing how 
the rubber band is used to seal the di- 
alysis bag to the grommet, and (right) 
complete with close-fitting test tube; 2 ml 
fills the tube to the level of the grommet. 

positioned as close as possible to the 
fritted portion of the immersion filter 
(Thomas, No. 5151-C; fritted length, 
2 in.). The moistened dialysis tubing 

(diameter when inflated, U/8 in.) is 
formed into a bag by tying a knot in 
one end and is gently pulled over the 
moistened filter and grommet. A rubber 
band is wrapped around the bag two or 
three times, forcing the dialysis tubing 
into the groove of the grommet to pro- 
voide a vacuum-tight seal (see Fig. 2, 
left). 

The assembly is then evacuated with 
a water aspirator and sealed with the 
clamp. Wetting the entire bag during 
evacuation helps to obtain maximum 
vacuum. The material to be concen- 
trated or dialyzed is placed in a test 
tube of a size determined by the volume 
of liquid. A thin-wall test tube (Thomas, 
No. 9444; 150 x 18 mm) of 18-mm 
outside diameter is suitable for i or 2 
ml of liquid. If proteins are to be con- 
centrated, the completed assembly (Fig. 
2, right) is placed in the refrigerator. In 
about 2ahours 75 percent of the liquid 
will be inside the bag. It can be re- 
moved by inserting an 8-inch length of 
thin plastic tubing (Adams, intramedic 
No. PE 205) and withdrawing the liquid 
into a syringe (fitted with a 16-gauge 
needle for use with the designated tub- 
ing). The assembly can be re-used if 
it is stored in water to prevent drying 
out of the bags. 
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Defect in Small Millipore Filters 
Disclosed by New Technique for 
Isolating Oral Treponemes 

Abstract. Three Millipore filters (100, 
50, and 10 my) can effectively and easily 
be used to isolate oral spirochetes from a 
mixed oral inoculum. The spirochetes 
appear pure in the underlying agar, owing 
to their ability to grow through the filter. 
Their passage through the 10-my filters 
may be attributed to the instability of this 
pore size on storage. 

Strains of spirochetes will filter or 
grow through porcelain, paper, and 
collodion filters into underlying agar or 
broth media (1). The pore size of these 
filters was sufficiently large to permit 
passage of the slender, motile spiro- 
chetes through the filter (2). Mem- 
brane filters with more uniform pore 
sizes (Millipore Filter Corporation, Bed- 
ford, Mass.) have been used by us in 
experiments intended to separate oral 
treponemes from a mixed oral inoculum, 
and to determine the smallest pore size 
that would permit passage of the spiro- 
chetes (3). 

The 0.45- and 0.3-, filters were 
sterilized by autoclaving at 15 pounds 
for 15 minutes; the 100-, 50- and 10-mA 
filters were sterilized by high voltage 
irradiation (MF types HA, PH, VC, 
VM, VF-white-plain-47 mm) before 
purchase. The filters were placed on the 
surface of PPLO medium (Baltimore 
Biological Laboratories) containing 1.2 
percent agar, with sterile forceps, 
touching only one peripheral area of 
the filter. The inoculated filter plates 
were incubated in the upright position, 
anaerobically, in Brewer jars, in an 
atmosphere of 95 percent H2 and 5 
percent C02 at 370C for a 5- to 8-day 
period. A drying agent, CaCl2, was 
placed in each jar to remove excess 
water. 

For primary isolation of spirochetes, 
freshly obtained debris from the gingi- 
val crevice of man was used. This 
mixed inoculum was collected in tubes 
containing 2 ml of PPLO broth or phos- 
phate buffer (pH 7.0) and dispersed 
on a Vortex mixer. It was inoculated 
with a Pasteur pipette as approximately 
0.05-ml drops on the filter surface 
within 30 minutes after collection. Oral 
bacteria, as well as spirochetes, were 
found beneath 0.3- and 0.45-, filters, 
demonstrating the inadequacy of these 
pore sizes in the mechanical separation 
of treponemes from a mixed oral inocu- 
lum. When filters measuring 100, 50 
and 10 m~t& were used, spirochetes ap- 
peared as multiple foci of dense growth 
beneath most inoculation sites (Table 

1). Occasionally, a Gram-positive 
coccus or rod was recovered from be- 
neath the 100-mg filter. These con- 
taminants on subculture were capable 
of growing into the agar medium. When 
the oral inoculum contained swarming 
organisms, they would cover the entire 
surface of the filter and adjacent agar 
but would not migrate under the finted 
from the periphery. 

A laboratory strain of Treponema 
microdentium with a diameter con- 
sistently greater than 100 mu as deter- 
mined by electron photomicrographs 
was employed to study this grow- 
throvgh phenomenon in greater depth. 
This particular strain grows on most 
commercially available media when in 
association with an anaerobic diphthe- 
roid (strain JB3B) and a fusiform 
(strain JF5) (4). 

This combination was prepared for 
inoculation by removing agar, contain- 
ing spirochetes and supporting organ- 
isms, from 5-to-i 0-day-old well plates 
with a sterile scalpel. This material was 
introduced into a glass tissue grinder 
and homogenized with 3 ml of PPLO 
broth. The resulting mixture was placed 
as single drops from a Pasteur pipette 
at five or more sites on each filter sur- 
face. The spirochetes appeared beneath 
the 100-, 50-, and 10-mFA filters at most 
inoculation sites, with results varying 
with shipments of filters (Table 1). 

Experiments were designed to deter- 
mine whether the spirochetes were 
growing through the filter or migrating 
laterally to by-pass the filter. No migra- 
tion of bacteria or spirochetes beyond 
the edge of the filter and back under 
it to the site of spirochetal proliferation 
was ever observed. The hazes continued 
to appear when the filter borders were 
sealed with sterile paraffin, or when the 
filter edge extended beyond the support 
of the underlying agar. The pattern of 
the haze below the filter corresponded to 
the outline of the inoculum on the filter 
surface. When spirochetes and sup- 

Table 1. Passage of spirochetes through millipore 
filters. Data are given in terms of haze/inocula- 
tion site. 

100-mug 50-m& 10-my& 
filter (VC) filter (VM) filter (VI) 

Oral debris 
12/34* 2/10 8/12 
15/15* 

Treponema microdentiumf 
4/21* 55/55* 106/112* 

1 17/1 17* 1 /45* 17/140* 
90/90* 0/20* 

* Results obtained with different shipments of 
filters. t In conjunction with supporting or- 
ganisms, JB3B and JF5. 
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