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N trying to evaluate the anaerobilc

bacteria and their need for anae-
robiosis, it will be helpful at first to
take an evolutionary point of view.
According to Oparin, the Russian bio-
geologist, and others who have strug-
gled with the problem of the origin of
life on the earth, at one time all the
world was anaercbic. There was al-
most nc oxygen in the atmosphere for
it was all bound as water, as sulfate,
as carbonate, as carbon dioxide, and
the atmosphere probably contained
less than 0.01% of oxygen. It seems
most likely that life first appeared
during this anaercbic phase of the
earth’s history. If it did so, the first
forms of life — our most remote an-
cestors — were obligate anaerobes.

We do not know what those ear-
liest anaerobes looked like, but we can
be fairly sure of the main features ot
their metabolism. Almost certainly,
they obtained energy by the control-
led transfer of electrons from one
organic substance to another. And al-
most as certainly, they trapped ener-
gy 1n high-energy bonds, probably
high-energy-phosphate bonds.

But all the world did not remain
anaerobic. At some time during this
anaerobic phase, a system of photo-
synthesis developed, a system of pho-
tosynthesis similar to that of the
oreen plants, in which the oxygen ot
water is transformed to gaseous OXY-
gen. When this photosynthetic system
developed, when the first bubble of
oxygen rose through the water of the
cea, the earth started to become ae-
robic.

As the oxygen content cof the at-
mosphere increased, aerobic metabo-
lism must have developed. Basically,
this differed from anaerobic metabo-
lism In one way — oxygen became the
terminal electron acceptor. This chan-
ge In the terminal electron acceptor
gave the aercobic organisms several
advantages. First, they could obtain
much more energy — 10 to 20 times
as much — from the same amount of
food. Second, they could use some
substances, particularly highly redu-
ced substances, as energy sources,
which the obligate anaerobes could
not use.

However, the aerobic metabolism
suffered from one drawback — it
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could proceed no faster than oxygen
could dissolve in water. Oxygen 1S on-
ly slightly soluble in water. Water in
equilibrium with the air contains on-
ly about 0.00149% oxygen — about the
same solubility as calcium carbonate
— and this low level of solubility is
the limiting factor of aerobic metabo-
lism.

Anaerobic metabolism, while limi-
ted in the amount of energy that can
be obtained from a given amount of
food, and limited in the number of
kinds of substrates that can be used
for energy sources, nevertheless has
an important advantage. It can pro-
vide energy very quickly and conti-
nucusly at a high rate so long as a
fermentable substrate is present, or
two compounds between which elec-
trons can be transferred, one of the
compounds being oxidized and the

other reduced.

Even the higher forms of life, as
they developed, retained the anaerc-
bic form of metabolism. In man, al-
most all tissues can metabolize anae-
robically except for the central ner-
vous system. It is only because the
central nervous system has an obli-
gately aerobic system of metabolism
that man considers himself an aero-
be. Our muscular system, on the other
hand, can shift smoothly and imper-
ceptibly from aerobic to anaerobic
metabolism, which it does when we
need sudden or sustained muscular
activity.

As evolution progressed on the
earth, the aerobes, both facultative
and obligate, and the anaerobes be-
came mutually complementary until
both were needed for a complete eco-
logical system, anaerobic bacteria, for

example, being required for the re-
duction of nitrate to gaseous nitro-
gen, an essential step in the nitrogen
cycle.

Moreover, even as the aerobes de-
veloped the ability to use atmospheric
oxygen as the final electron acceptor,
they also attained an ability that the
anaerobes never attained — they be-
came tolerant of oxygen and various
oxidized substances. Oxygen can be a
very toxic gas for any form of life
that is not equipped to handle it, and
the anaercbes never developed this
ability.

Consequently, we can conclude
that anaerobes are anaerobes because
of the toxic or inhibiting etffect on
them of oxygen. But further than
this, we do not have any generally
accepted definition of the term “anae-
robe” even by the microbiologists wha
work with this group of organisms.
One group of microbiologists define
the anaerobes, rather vaguely, as
“pacteria that grow better in the ab-
sence of air than they do In its pre:
sence’. Another group views them as
“bacteria that are unable to initiate
erowth from small inocula unless the
oxidation-reduction potential of the
medium is low”, and still a third
group defines them as “those bacte-
ria that perish even on transient con-
tact with atmospheric oxygen”. All
these definitions are, in some measu-
re, satisfactory and In some measure
incomplete.

One need not be surprised at this
variety of views concerning these bac-
teria, for the anaerobes themselves
form a very heterogeneous and diver-
gent group, even In their sensitivity
to gxygen and their need for anaero-
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bic conditions for growth. Some, such
as Clostridium tertium and Clostridium
carnis, can very slowly grow on the
surface of solid media exposed to air.
Some others, such as Clostridium per-
fringens, are just barely anaerobes, and
require only slight precautions to be
isolated and grown. Others are strict
anaerobes and are unable to grow if
the atmosphere contains as little as
0.03 per cent oxygen. Among such
strict anaerobes are Clostridium haemo-
Iyticum, Treponema macrodentium, Butyri-
vibrio fibrisolvens and several other
speciles.

Not only do the anaercbes vary
among themselves, but the cells In a
pure culture also vary tremendously
in sensitivity. For example, Propion:-
bacterium acnes, the organism that
forms the major part of the microbial
population of the human skin, has
long been known as an easy anaero-
be to cultivate, for it grows readily on
surface-inoculated blood agar plates
incubated in an anaerobe jar. Howe-
ver, if we view the situation quanti-
tatively instead of qualitatively, and
do comparative counts using a log-
phase inoculum and comparing sur-
face-incculated plates incubated in an
anaerobe jar with strictly anaerobic
methods, we find that the count will
be about one thousand times higher
in the roll tubes than on the surface
of the blood agar plates. Or to view
this another way, only one cell out ot
a thousand in our inoculum was able
to grow on the surface of a blood agar
plate, inoculated in the presence of
air. Obviously, not all the cells in our
culture were alike. Furthermore, 1f
we compare the sensitivity of anae-
rocbes to oxygen at various stages of
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growth, we find that they are much
more sensitive to the toxic effect of
oxygen when they are in the logarith-
mic phase of growth. Older resting
phase cells are much less sensitive to

oxygen.

Unfortunately, this variation in
sensitivity has not been generally re-
cognized. A great confusion of 1deas
and much wasted work has resulted
from the quite unjustified assumption
that all of the anaerobes are similar
in their sensitivity to oxygen and
that they will all grow satisfactorily
if the concentration of gaseous OXxy-
egen is reduced to some suitable low
level. If the situation were this sim-
ple, we would have no trouble isolat-
ing the anaerobes, but it is not this
simple. The mere absence of oxygen
is not the only factor concerned.

There is no doubt that the presen-
ce of oxygen inhibits the growth of
the anaerobes, but it is not clear just
how oxygen does this. Oxygen could
be inhibitory in several ways, directly
or indirectly. First, oxygen itself could
be toxic; second, it could be indirec-
tly inhibitory by raising the oxidation-
reduction potential to a level where
some essential enzymes of the bacte-
ria. would become inactive; third, it
might react with some component of
the medium to form a toxic or inacti-
ve compound; or it might do several
of these things at the same time. Let
us examine each of these possibilities
and see if we can get some clearer
idea of the effect of oxygen, or to
put it in simpler terms, let us see why
anaerobes are anaerobes.

The first that we shall consider 1s

the direct effect of gaseous or dissol-

ved oxygen. There is no evidence indi
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cating that any essential growth fac-
tors or intermediate metabolites are
converted by oxygen to inactivate or
toxic compounds. We do know, howe-
ver, that different enzyme systems
within a single strain of anaerobe
may have differing susceptibilities to
oXygen. Propionibacterium  acnes. 10T
example, under anaerobic conditions
can readily metabolize lactic acid to
propionic and acetic acids. However,
if the environment is only slightly
aercbic, P. acwes is unable to metabo-
lize lactic acid, although otherwise
srowth seems to take place normally.

In this case, it is evident that the en-
zymes that are essential for the re-
duction of lactate are more sensitive
to the effect of oxygen than are the

enzymes that are essential for the
growth of P. acnes. This apparently

is not the case with the really strict
anaerobes, for with them, the enzy-

mes essential, for growth and repro-
duction appear to be the most sen-
sitive.

It is possible that oxygen has an
immediate toxic effect on bacterial
cells by causing an increase in the
number of free radicals within the cell.
Although this has not, to my know-
ledge, been investigated with anaero-
bic bacteria, it has been demonstrated
in freeze-dried cells of aerobic orga-
nisms exposed to the air. In investi-
gations by two different groups of
workers, when oxygen was admitted
to the vials the number of free radi-
cals increased markedly, and concur-
rent with the increase in free radicals,
was a marked increase in the death of
the bacteria. About two hundred free
radicals per bacterial cell were enou-
oh to cause death. It is evident, then,

that 'oxygen can be directly toxic,
even to bacteria that are metaboli-
cally inactive.

For many years, it was thoughi
anaerobes could not grow in the pre-
sence of air because if they did, they
would produce lethal amounts of hy-
drogen peroxide but would not pro-
duce catalase to break down this to-
xic substance. While this theory of
microbial suicide was attractive in so-
me ways, there were certain facts that
kept it from being accepted. First, not
all the anaercbes did produce pero-
xide when exposed to the air, at least
in detectable amount. Second, al-
though some of the anaerobes did
poroduce catalase, or some other en-
zyme which decomposed hydrogen pe-
roxide, they could not grow in the
presence of air. And finally, the ad-
dition of purified catalase to media
for the anaerobes did not allow them
to grow in the air. This catalase theo-
ry might hold for a few of the anaero-
bes; it certainly can not hold for ve
ry many.

Recently, a somewhat similar sug-
gestion has been advanced. It has
been found that almost all cells, bac-
terial or otherwise, that use atmos-
pheric oxygen in their metabolism
produce superoxide. Superoxide is a hl-

ghly reactive, free-radical form of mo-
lecular oxygen — O.. It can be broken

down by the enzyme superoxide dismu-
tase.

02+02—)O2 + HO

2 2
The hydrogen peroxide formed in
the breakdown of superoxide by the

superoxide dismutase can, in its turn,
be broken down by catalase This en-
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zyme is found in all tissues and in the
cells of aerobic bacteria but is not
found in the cells of the anaerobic
bacteria. Consequently, we can consi-
der that the lack of the enzyme supe-
roxide dismutase may be one of the
factors involved in the need of the
anaercbic bacteria for anaerobiosis.

Another effect of oxygen that may
be important is its action in ralsing
the oxidation-reduction potential. This
potential is a measure of the tendency
of a system to give up electrons, and
it undoubtedly is of importance in
maintaining in an active state those
enzymes with sulfhydryl groups. The
initiation of growth of socme anaerobic
bacteria seems to be largely a func-
tion of the oxidation-reduction poten-
tial. Once anaerobes have started to
grow, many of them can maintain a
lcw oxidation-reduction potential by
means of the reducing substances
that they produce. The Kkind and
amount of reducing substance varies
considerably from species to species.
In general, the anaerobes that are
easiest to grow produce the most re-
ducing substance. C. perfringens for
example, is so active In producing re-
ducing substance that even bubbling
a stream of air through a growing
culture will not stop its growth. Mo-
reover, for C. perfringens, 1t 1S begin-
ning to look as if part of the pathoge-
nic effect of this organism is simply
the production of reducing substance.

The hypothesis that the oxidation-
reduction pctential is of primary im-
portance in the growth of anaerobes
has been investigated by several wor-
kers. Unfortunately, none of them
used strict anaerobes, but all worked
with bacteria 332t have no more than
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a moderate need for anaerobiosis. Ho-
wever, when moderate anaercbes were
used, such as Clostridium sporogenes,
Clostridium perfringens and Bacteroides
vulgatus, the hypothesis seemed U0

hold. These organisms could be grown
in broth through which air was bub-
bled, if the potential was held at de-
finite levels by electrical means. It 1is
apparent that these organisms, under
these conditions, were not inhibited
by oxygen itself, nor did they form
any appreciable amount of toxic subz-
tances from the oxygen. The ability
of these anaercbes to grow when the
oxidation-reduction potential was held
low, regardless of other conditions, 1n-
dicates that this may be the most im-
portant factor for these species, and
that other inhibiting effects of oxygen
may be insignificant for them.

All anaerobes probably have a Ii-
miting oxidation-reduction potential
above which they cannot grow. Deter-
mination of such a level is a compli-
cated problem for it varies with thc
hydrcgen 1lon concentration. However,
let us consider a few such findings,
and compare them with the oxida-
tion-reduction potential of the cir-
culating blood — about 180 millivolts.

The upper limit for Clostridium sporoge-
nes at pH 7 1s about 150 millivolts —

that is, 30 millivolts below that of

blcod. The upper limit for Clostridiun:
histolyticume 1S about 90 millivolts, con-

sidering more reducing. That for Bac-
teroides vulgatus is 140 millivolts. Clos:
tridium  perfringens has been studied
most thoroughly. The limiting poten-
tial may be as low as 30 millivolts at
pH 7.8, or as high as 250 millivolts
at pH 6.0.
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However, we must regard these
values with a certain amount of re-
serve, because the determination of
limiting potential is not simple. For
example, when anaerobic organisms
are inoculated into an otherwise sa-
tisfactory medium with a high oxida-
tion-reduction potential, they either
do not grow or else respond with an
exaggerated lag period. When growth
finally does start, it usually proceeds
at the normal rate. During the long
lag period, the bacteria lower the po-
tential of their immediate surround-
ings by metabolizing nutrients car-
ried over in the Inoculum or occur-
ring in their immediate vicinity. Once
the potential is lowered in the imme:
diate vicinity of the organisms and
metabolism in actively started, reduc-
ing substances are produced and the
whole volume of the medium becomes
anaerobic.

Because material carried over in
the inoculum, either within the bac-
terial cells or otherwise, can aid in
lowering the oxidation-reduction po-
tential, the size and metabolic state
of the incculum are important. The
larger the inoculum, the higher the
oxidation-reduction potential at which
the organisms can start growth. The
more metabolically active the cells in
the inocculum, the higher the poten-
tial at which they can start growth.
Consequently, limiting values for the
growth of anaerobic species may not

be as definite and as precise as they
look.

1t is not difficult to establish re-
ducing conditions in a medium. Re-
ducing agents are readily availlable
and may be added before or after ste-
rilization. It is only necessary to pre-

vent their oxidation by the oxygen of
the a{ir. The reducing agents often
used include cysteine, sodium sulfide,
sodium sulfite, sodium thioglycollate,
and reductone — freshly autoclaved
glucose. One compound that has co-
me Into use recently, is dithio-threi-
tol, or its close relative, dithic-eryth-
ritol. This is usually used in combi-
nation with cysteine, and they form
a very effective pair. If cysteine is
used alone, it is rapidly oxidized by
atmospheric oxygen to the insoluble
cystine, and loses its reducing ability.
Dithio-threitol, however, is an active
reducing agent in its own right, fur-
nishing an oxidation-reduction poten-
tial somewhat lower than that of cys-
teine. It does not react with atmos-
pheric oxygen and, moreover, it pre-
vents cysteine from doing so. Conse-
quently, a combination of dithio-
threitol and cysteine is very useful,
particularly in plating media when

some of the strict anaerobhes are to
be isolated.

In leaving the subject of the oxi-
dation-reduction systems, we might
ask the question — Is this the entire
answer to the problem of growing
anaercgbic bacteria? If this be the ca-
se, the problem would be swiftly and
easily solved. All that would be ne-
cessary would be to add a good reduc-
ing agent to all our media. Unfortu-
nately, this works for only some spe-
cies. Other factors are of more impor-
tance for other species.

Everyone who works with anaero-
bes finds that he must not use media
that are toco old, or media that have
been heated too often, for they will
not support the growth of the strict
anaerobes althoueh they‘will be en-
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tirely satisfactory for the moderate
anaerobes. For a sensitive anaerobe,
however, such as Clostridium baemolyt:-
cum, blood agar medium cannot be
stored even one day.

This can readily be demonstrated.
If C. haemolvticum is streaked on the
surface of a blood agar plate as soon
as it is solidified and the plate imme-
diately placed under anaerobic condi-
tions, surface colonies can be obtai-
ned. If the plates are stored at room
temperature for three or four hours
before streaking, there will be no
growth. If, on the other hand, blood
agar plates are poured in the presen-
ce of air and then are placed under
anaerobic conditions as soon as they
harden, they will remain suitable for
the surface growth of Clostridium bae-
molyticum for several days. Sooner Or
later, however, even under anaerobpic
storage, they will become entirely
useless.

It is evident, in this experiment,
that four hours exposure to the air
caused some irreversible toxic chan-
ces. Even plates that were poured In
the presence of air and then were
immediately stored anaerobically, be-
came inhibitory in several days. Al-
most certainly, an oxidative process
started under the aerobic conditions
while the plates were being poured
and continued to progress, even after
the plates were transferred to anae-
robic conditions. Although the subs-
tances responsible for the inhibition
of growth in this experiment have
not been identified, they probably are
peroxides, probably organic peroxides
of some sort.

Some substances used in bacterio-
logical cuivcre media can react with
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atmospheric oxygen to form peroxi-
des. One such substance is agar; ano-
ther is yeast extract. Certain batches
of agar become inhibitory to catalase-
negative bacteria when they are €x-
posed to air after autoclaving. This
inhibition is probably due to hydro-
gen peroxide, for it is restricted to
the surface of the agar, and also, the
inhibiting effect may be abolished by
the addition of catalase. All batches
of agar seem to be potentially inhibi-
tory, but most of them will not show
this effect unless they have been au-
toclaved for several hours.

Another constituent of culture me-
dia that may become inhibitory on
autoclaving in the presence of oxygen
is yeast extract. The inhibitory agent
in this commonly used nutrient may
also be hydrogen peroxide, for it again
is inhibited by catalase. It should be
remembered, though, that hydrogen
peroxide - readily reacts with many
compounds, including amino acids,
particularly histidine and thymine to
form organic peroxides. These organic
peroxides may be more inhibitory and
toxic than hydrogen peroxide itself.
Also, they are but slowly decomposed
by catalase.

Some of the common metals may
also initiate peroxide formation in
hacteriological media. One of the mos:
active of these is manganese. During
autoclaving in the presence of 0Xxy-
gen, manganese can catalyze peroxide
formation with such substances as
asparagine, citrate, and some reduc-
ing sugars. Trace amounts of copper
may do the same thing.

Probably the worst socurce of trou-
ble in peroxide formation is the re-
ducing agents that we use in our me-
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dia. We have no cholice but to use
them, for they are essential in pois-
ing the oxidation-reduction potential
at the low values some of the anae-
robes seem to require. On the other
hand, it has been long known that
reducing agents can yleld peroxides
when they react with oxygen. Usually,
when peroxides are formed by the
oxidation of a reducing agent, the
peroxide thus formed, would be again
-reduced. Sometimes, unfortunately,
this further reduction may not occur,
or if it does occur, it may do so more
slowly than the rate at which pero-
xide i3 being formed. In such case,
peroxide would accumulate. Once pe-
roxide is formed in bacteriological
media, 1t may remain there for a long

time, with a half-life of one month
O more.

Let us see if we can summarize
this portion of our discussion. The
anaerobic bacteria may be sensitive
to oxygen for any of three reasons:
For some species, oxygen may be di-
rectly toxic through the formation
within the bacterial cell of superoxide
or other free radicals; for other spe-
cies, it may be inhibitory if it raises
the oxidation-reducticn potential of
the medium to a level that is too
high; still other species may be Kkilled
by toxic peroxides in the bacteriolc-
gical medium. The strict anaerobes
seem to be affected by all three.

Problems in attaining anaerobic
conditions are most marked when 1so-
lation of the strict anaercbes 1s desi-
red. I emphasize “isolation’” because
this is, after all, the most rigorous
test to which we put our techniques
of bacterial culture. In isolation, we
expect individual colonies to develop

from the smallest possible incculum
— a Single bacteria cell. If every iso-
lated cell dces not give rise to a co-
lony — if, 1n effect, the viable count
1S less than the microscopic count —-

our technique is, in greater or lesser
measure, unsatisfactory.

Many methods for obtaining anae-
rcbic conditions have been devised,
from the simple evacuation of anae-
robe jars to the elimination of the
cxygen by burning it out with phos-
phorus. However, the most widely
used technique for isolating bacteria,
particularly in clinical laboratories, is
that of inoculating plates of solid me-
dia just as we do for aerobic bacteria,
and Incubating them in anaerobe jars.
During this procedure, the bacterig,
are exposed to the air as the incculum
1Is spread over the surface of the agar.
The anaerobe jar technique is suitable
for the majority of anaerobes that are
cncountered in clinical specimens. It
1S not entirely suitable for the strict
anaerobes, such as the treponemes. It
does have the advantage that opaque
media, such as blood agar or egg yolk
agar may be used for isolation.

Obtaining isolated colonies by suc-
cessive dilution of the inoculum in a
series of tubes of nutrient agar is one
of the oldest methods of obhtaining
pure cultures of anaerobic bacteria.
This desp agar method is still in use,
primarily at the Institute Pasteur of
Paris and students of Prevot.

The deep agar method is quick,
easy, does not require any special
equipment, and will allow the culti-
vation of all the anaerobes except the
treponemes. Opaque media such as
blood agar and egg yolk agar cannc?
be used In the tube r-* -~



Smith: The World of the Anaerobes

ther= the variety of colony form that
is vigible on cultures on the surface
of agar. Consequently, it 1s not as
efficient for investigating a mixture
of anaercbes as the use of agar plates.

One of the best methods of obtain-
ing anaergbiosis is the roll tube proce-
dure. This was developed by Hungate
for the cultivation of the very fasti-
dious bacteria found in the rumen of
cattle and sheep. This method invol-
ves the use of “pre-reduced” media —
that is, media that have been steri-
iized under reduced conditions and
that remain reduced during storage
and while they are being inoculated.
This utilizes media prepared and sto-
red in individual stoppered tubes.
When the tubes are opened, a gentle

a

SIMPLE TRANSFER
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LABELING AND GASSING TUBE BEFORE

FINAL CLOSURE




532

stream of oxygen-free gas is led into
the tubes through long, bent hypo-
dermic needles, to prevent the en-
trance of air. When the stopper is re-
placed, the culture is ready for in-
cubation. (Fig. 1 and 2)

Isolation is accomplished by coat-
ing the inner surface of tubes with
sterile agar medium. This is accom-
plished by spinning the tubes in a
horizgntal position while the medium
solidifies. Inoculation of such roll tu-

STREAKING OF AN AGAR ROLL TUBE

gas

,?F — cannula
|

turning
tube T

L specimen

T

ki
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bes 1s accomplished by inoculating
the agar while the tube is slowly
turning in a vertical position. The
agar In the tube is inoculated from
the bottom to the top, so that the
most crowded colonies are at the bot-
tom of the tube and those most wi-
dely separated are at the top. (Fig. 3)

The roll tube method suffers from
the same disadvantages as the deep
agar procedure; namely, that opaque
media such as blood agar and egg

SN

L Fasl

] - -

-1 -

loop flat against
agar film

Fig. 3

yolk agar cannot be used. However,
even the most exacting of the anaero-
bic bacteria and treponemes can be
grown with the roll tube method.
Ancther method used for the iso-
lation and cultivation of the most
sensitive anaerobes 1s that of the
anaercbic glove box. This 1s simply a
large box, of plastic or other mate-
rial, that has openings in the side

s

turn loop edge
to agar film

3 -
steadily move loop toward

neck ot tube using decreasing
pressure

with long gloves in them. The inte-
rior of the box is kept anaerobic and
all transfers are made within it. Pro-
bably the most widely used 1s one
made of heavy, flexible, transparent
plastic. This flexible plastic is held
in shape by the pressure of the gas
within it. The gas used within the
glove box is usually nitrogen with
3% hydrogen. This gas passes over a
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container of palladium catalyst to
reduce any oxygen that diffuses in
through the plastic. Using this tech-
nique, it is possible 1o maintain the
oxygen concentration of the atmos-
phere within the glove box to a few
parts per million, cultures or media
are placed within the glove box or
removed through a port that may be
cealed at both ends, evacuated and
filled with oxygen-free gas. An In-
cubator may be placed within the
olove box, or the whole glove boxX may
be kept at a temperature of 35 to
37 C. The cost of such a glove boX,
with a continuous oxygen monitor,
etc., is about two thousand dollars
It has the disadvantage of taking up
much table space and being some-
what subject to puncture, but 1s as
gcod as the roll tube method for culti-
vating fastidious organisms.

Fig. 4
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The ultimate in anaerobiosis 1s
undoubtedly the anaerobic laboratory
at the National Institutes of Health
in Bethesda, Maryland. Here the en-
tire laboratory is anaerobic. The walls
of the laboratory are stainless steel,
and the atmosphere is nitrogen with
less than two parts per million of
oxygen. It is self-contained with in-
cubator, cold box, fume hoods and all
the equipment necessary for labora-
tory operation. The microbiologists in
the laboratory enter through a lock,
<o that air does not come in with
them, and immediately put on masks
similar to those used by deep sea di-
vers so that they have air tg breathe.
People who work in this laboratory
assure me that they became accusto-
med to working in masks very qui-
ckly and that they do not find them
particularly inconvenient. This labo-
ratory was designed for work not
only with the anaerobic bacteria, but
also for work with those enzymes of
the body, particularly those of the
heart, that are inactivated by expo-
sure to the oxygen of the air. (Fig. 4
and 9).
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From the variety of methods for
obtaining anaercbiosis that have been

developed In the century that has
elapsed since the anaercobes were dis-

covered by Pasteur, it is evident that
these organismgs are of interest to the
microbiologist. He must work with
the anaerobes because they are im-

portant to him. Nevertheless, there is
always a certain amount of inconve-
nience. This is only to be expected
when an obligate aerobe, such as
man, attempts to work with obligate
anaerobes. We cccupy two different
worlds.
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