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£ V arious Methods for the Detection of Viable Microorganisms

into Solid Materials

The ob}ccavc of Phase I v to determine the effectiveness

of a variety of methods fo detecting viable cells. The

foliow mg l’ﬂeulf)d\:» were ezplored in order to determine their
(s <M

sible usefulness ov.‘.GCtiVG methcds for detection of
ng 'mc oo;ca::sn.s- culturing, elecirophoresis, stain-
ut or""fomcm.x, and eleciron spin rescnance. Since
tion of viable crganisms each method which
plied might have specific advantages aad dis-
s, it a-=‘o be useful to have several independent
methods {or detecting viabiiity. The detection of crganisms
by culturing is the most frequently used method of those
ilsted. However, a deviialized cell may not grow under a
speciiic set of cultural conditicns and yet under other more
ideal col.d_-ior may be capaible of such growth. Thus,
detection of vi abzlity'by some cther methods would be extremely
seful. The potentialiy useful methods other than culture
that were mvcsiiga..ca in this phase include electrophoresis,
autoradiography . and electron Spin resonance.
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PHASE I, STUDIES ON VARICUS METHODS FOR THE DETECTION OF
VIABLE MICROORCGANISMS INOCULATED INTO SOLID MATERIALS

a. Recovery from Solid Materials

The nature of solid substances imposes certain resirictions on the

.

detection of microorganisms nresent within them. Microcorganisms distributed

on the cuter suriaces are not as difiicult to detect because of the availability

of nuirients and lack of physical restrictions for cellular division to take
place. Crganizms locaied in the internal regions of solids must be freed

to the extent that they are available for microscopic or cultural detection.
re this may involve the use of one or more

v
of the following principles: 1j dissolving in suitable sclvent, and 2)

I “ne case whnere the selid is dissolved, the theoretical likelihood

(& nisms may be rather high. A major
f this method is the toxicity of mest plastic solvenis wo the
r;zic:oo:;‘ga::zisn 5. Although it may be possible to detect the presence of such
organicms, the likelihicod of their demoasiration in culture may be extremel y
iow. Organic sclvents are commonly used to disrupt pa meabﬁi‘ty of micro-
organisme, and it would be anticipated that this generally takes place in
ihe process of dissolving solids. The most useful application of dissolving

reside in microscopic scanning of stained residue

octained from the solubilized soild Uni z‘u.nately, however, most solids

¢o not redissolve fliowing polymerizatic

b. Nitrogen and Carbon Compcund Reguirements

Deteciion of via microcrganisms by virtue of thelr capacity to grow

is one of the most useful methods for assessing sterility. The ability of




the microorganism to assimilate nutrients from the culture medium, to convert

these nulrients to energy and siruciural materials for the cell, to maintain
the cell’s internal eavircnment, and fnallv the ability of the cell to divide

and provide viable daughier ceils represent the requircments for cultural

v the rresence of certain irace minevals,

carvon dioxide, and an inorganic source of nitrogen. Others require only
a single simple form of carbon compsund and utilize nitrogen from the
atmosphere in place of more complen nitrogen compounds. On the opposite

end of this spectrum are wicrcorganisms which require vitamins, all
sevenieen natural amino acids and cven iraces cf as yet undefined growth

promotion substances. Most microorganisms lie scmewhere between the

c. Growth Phases

Microorganisms pass through six distinct phases in their cultural life

Q

~

cycie. In the first phase cell division does not occur; however, the organisms

may increase in size and accunmulate metabolites. This condition esists in
the lag phase {Figure i-1}. A period of increasing growih rate takes place in
l"l'l

the second or ‘acceleration® phase. The organisms during this phase of
growih are dividing at a wmore rapidrate than during any of the other phases.
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v a constant or exgponential growth
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rate which s follows=d by the retardati se i WY th Towth ra
rate which is followszd by the reterdation phase in which the growth rate
is decreesing. The stationary p%zase is chaoracterized by a steady siate

A

situaticon in which the rates of cell divicion and cell death are approximaiely

finally there is a phase of decline in which the number of cells
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The effects of conceniration of nuicients on the rate and exient of
2
&

.crowih are depicied in Plgure I-2. Ic¢eally in the absence of ioxicity growth

~

media should contaln such large excesses of growih factors and metabolites
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that the extent of growth is not limited by their concentration.

T-.:‘Iicroorgaa;isms are also capable of surviving under exivemes of

ilic orcanisms, for example, are
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capable of growing in concentraied salt solutions. Some of these organisms

have an absolute recuirement for high salt conceniration for growth. This

environment generally decreases or inhibits the rate of growth of most other
microorganisms. & Z pacteria, on the other hand, do not grow

well in the presence of even moderaicly low concentrations of salt. These
crganisms by virtue of their decreased tolerance to ionic strength may require
exirenmely dilute growih media. The vast majority of microorganisms are able
niermediaie 0 these exiremes.

tc grow at ionic strengths somewiere
e. pH and Physiological Stiate
Ceriain specialized bacieria are capable of withstanding the eifects of

z2nd ¢row in the presence of strongly acid solutions. Organisms which

Ccaz

Gaidize sulfur to sulfuric acid are capable of growing in an environment
which is strongly inhibliory to nearly all other microorganisms. At the

onposite end of this specirum are bacieria and fungi which accumulate basic
substances in the course of growth or metabolism. Intermediate between
ihese exiremes are organisms which grow optimally at pH's in the vicinity

itty. Many of these organising when growing anaerobically accumuilate

inctic acid as a terminal metabkolic product. This accumulaticn causes a
Y C
going aikaline fermentation may eventu.aliy attain such a high pH that it

interieves with growih. In these instances the presence of sultable buffers

The pH of culture media is important as certain crganisms grow only

within certain limiis of acidity and aikalinity. Most organisms seem to

aa s
grow bhest at or around the neuiral point, pH 7.0, but there are these which.
require a very acid pH. For example, certain fungl prefer pH 24.0-5.0p

s active at pX 1.0. Brevikacterium ammonia,
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for napkin rash in bables, grows best at pi 9.0.



taken of the ability of an organism to grow
»H in order to isolate ii. The media used in

ivom steols are made at pH $.0, which

7 the viirio but inhibits that of most of the cother

in which ihe organism remains vialbe, but repreduces only aifter a prolonged
lag ter such crganisme have peen allowed to remain in a resting
state with very small quantitiss of nuirients of orolonged peziods of time a

similer state of c?.isability exists. This condition in either case is called
the ‘sialeing phenomenon®. Such organisms are ofien more resistant to the

effecis of killing agents than organisms from the logarithmic phase of

grow
. xygen rTension
Sc microcorganisms ave poisoned by the presence of oxygen in their

envirciunent. These organisms are called obligate anaercbes and, for the
‘e spore formers. in the sSpore stage the organism is highly
ffects of desgication, oxygen tension, tempemture, pH
extremes, nhysical and chemical trauma. Cenditions faveorable for the
proliferation of the vegetative form of these crganisms, require that the

oxvgen ke extremely low. A wide range of crganisms are capable of growing

under sirictly anacrobic conditions even though these conditions may not be

Such organi sms . which can grow in the presence of oxygen as well

‘At the far end of the specirum are obligate

3 o o T
alled facultative anaerobes.

arelos)

acsckes wailch grow well only under high ouiygen tension. These organisms

are found in abundance in nearly all aeroscl and soil environments.

(13

g. Temperature

Microorganisms grow onrtimally in temperature ranges between 20 and
43 degrees centigrade. Those organisms which proliferate in soil often

show a growth optimum in the vicinity of 20 to 25 degrees centigrade.

The accumulaticn of texic preducts results in a physiologlical condition
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Rt of mammals show optima between
i aai’l-,\o‘z‘ga 2sms . however, grow optimally
;> centigrade. These-are-thesmophtt
ures in the vieinity of hot springs’

out they also show resisiance o the effects of much higher

withstand low temperatures and even

h scme oyganisms may be
stalg within their cell walis or by

vy are feiming in the media, a significant
1isms ¢can be recovered following

n proliferate in lguid medium, although
swmall guantities of moisture. The
important when considering temperzature
> of spores o heat in kigh moisture

ithat ckserved in the dried state. A

7 e heated to 170 degrees centigrade
ever, in the preseace

*c

in the dried state without becoming denatured. How
of water this protein is rapidlv co gu‘ru,.l ot 75 degrees Cf‘nngmde A second
facior in heat resistance is manifested by the vresence of colioidal substances.
2. that the temperature a‘equired to kill lactic

acid bacteria is markediy increased in cream: or milk, as conirasiad to

water. It may be noted thai the volume of mast bacterial spores is roughly

ecuivalent tol/5th to 1/20th that of the vegetative form. This suggesTs that one

istance excried by the spre may be due o the conceniration
roplasm into a small fraction of that of its ariginal

at stability may be part of the explanation.
icn in the medium likewis2 leads to

added heat stability. Dipicoiinic acid [DPA} forms a chelate complex with



calcium lon and its cencentration within spores correlates with their heat

resistance.
2. D Sv 3 S.«./'.Q.

culiuring methods for deiermining sterility of
solids is that it measurez only the abilitvy of theorganism to reproduce and
oolize independently of reproduction. It

is conceivable that micrcorganisms can persist in solid materials for prolonged
periods of time and yet fail to be detected by culiural methods because of
deficlencies in the compesition of the growth medla, the procedures used to

detect growth, the improper temperatuie or pH range, the presence of growth
inhibitors which may be associated with the solid, or non-cpiimal pulveri-
zation.

b. Requirements of Growth Media

Most commercially available culiure media contain pariially hydrolyzed
proteins, peptones, and/or purified amino acids. Likewise, most of these
media coatain adequate guaniities of vitamins. The growth media for any
particular organism, however, may not be optimal in its concentration for

ny single constituent. It is possible for the media to be adeguate in all

constituenis for most microorgaaisms and yet be marginal or deficient for a
varticular organism. Similarly, the growth of some organisms may be

trongly inhibited by the presence of large guantities of certain media

(3]

Crganisms which have been subjected to physical or chemical injury
may lack the capacity for growing in an adequate ! medium due to cellular
damage. This damage may be reversible in the case of exoosure to a variety
of chemical disinfectants (hexachlorophene and quaternary ammonium
compouncs). The latter two agents can induce sufficient damage to prevent
the growth of a wide variety of microorganisms. The effects of this damage

may be reversed by adding polyoxyeihylene sorbitan mono-oleate:



and purified soybean lecithin {Quisno 1847). It is belisved that these substances
are agsimilated by the injured crganisms and that they reconstitute the damaged

S R R R TR0 At O 1 o e P P KR e 3 2 2
hydrophilic-hydrophobic cell membrane interface. Likewise, it is known

L

that certain substances may ke added o the growih media of microorganisms
inhibited b ! that subseguent growih takes place. Little
work has bee reverse the effects of heat on microorganisms.

Although there are good thecretical grounds to suppert the view, at least

scome neat damage may oe ible.

The most common method of observing the growth of microorganisms
is dependent upon visual perceptién of turbidity, pellicles, cclonies, or
floating particles. Usually such materials are stained and examined micro-
scopically. This means of detecting growth is inadequate when such growth
is slow or abortive. Detection precision can be increased by filtration
using bacierial filters only centrifuging fluid cultures which ctherwise do
not show growth, a.m examining microscopically the stained sediment.

The use cf sensit w*e enzyme detection methods could verify the potential
i

viability of surviving incculum or abortive growth.

Bl ELECTRON 8P EN’ 2SONANCE

Tleciron Spin resonancs spectromeiry represents an application of a

(

hvsical method for the study of biochemical phenomencn. Electron spin
reconance involves measurement of the absorption of incident energy (usually

n} by unpaired elecirons under the influence of a

a. Theory of Metho

Magnetic rescnance is the phenomenon of inducing {ransitions between
unoaired clecirons of differing energy levels (Puilman andPullman 1@62).
These energy transitions are analogous to vibrational-rotational transitions
in other forms of cpeciroscopy. Llectron spin resonance is concerned with the
ired elecirons. Dlecirons spin like tops and being

clecirically charced create & magnetic field. The energy generated by this

e



magnelism can be detecied and measured in a magaetic field. If this spinning

activated eleciron is alsc subjected | nother magnetic field which is at

!

right angles o the main magnetic field that is created, but which is pulsating,
then the freguency of the pulse becomes the same as that of the requency
of precession. Theninteractionwill occur which will change the electron®s
orientation. When this change occurs, energy is abscrbed. This absorbed

nergy is detectied in an elecircn spin resonance spectrometer.

b. Existence of Free Radicals in Living Systems

The fivst evidence that unpaired elecirons associated with free radicals
of metabolic orl ,rin were renorted in recze~dried samples of microorganisms,
plant, and animal tissues {I“ kly et al, 1963; Gill and Downing, 1962;
Commoner et al,l¢6 5‘ . Because the free radical CODCOhuatiOl’l of most microbial

systems is very low {on the craec of 10 “7 t0 10 M3 exiremely sensitive

instrumeniation 1s required. The volume of most eleciron spin resonance

2]

. . - 3 % :
deteciion containers is on the crder 0 0.110 0.3 cm Electron spin resonance

studies of cxidation reduction enzymeé sysiems provide a possible means of
detecting enzymes. Michaelis in 1940 suggested that aithough many enzymatic
oxidatica reduction processes appear to involve two eletron ¢ransfers,

elecirons are actually transferred one at a time after the flrst step.

Carefully detalled electron spin resonance investigations 0oZ succinic

acid dehydrogenase have been particularly useful in providing information

egarding the role of free radicals in enzyme catalyzed processes.
Maior sources of unpaired electrons in living systems include:

no nucleclide, flavin adenine di-
XY]
r~1 e 3
g_, b' C}-I a ‘ a
¢) hemoglobin, myogiobin
2} Metalloflavo nroteins {succinic (_cid dchydrogenase, X anthine
cxridase, aldehvde oxidase, nitrate
reductase, suliate reductase, aldehyde
reductase)
3} Enzymes concerned wiih photosynthesis
dition an excited elcoiron mavy iravel through a continuum of fibrous

sted that such proteins may link the insoluble

) 1
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I¥ NAas ogen surte
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cuier fikrous proteins with the insoluble oxidation enzymes of the cell.
cntain excited elecirons following
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elactronic activaticn. Biological systems carrying out eithes oxidativeor
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reductive pathways would thus create a steady state stream of unpaired
electrons. As would be expecied when the iliving organism is no tonger
in the living state where unpaired elecirons weuld be fcund. Unpaired electzons
appear to be essential componanis ef living organisms by virtue of their

necessary role in biclogical cxidation and reduction mechanisms.
aramagnetic electrons may be
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demonstratad. ed by a living system but

vhich is @ nonlis ical or light excitation,

contains unpaired elecirons. Szent-Gvergyi in 1946 described the presence
ofun paired elecirons in gelaiin AQved with various icnic dyes. The paramagnetic
spectrum of hemoglobin is shown in Tigure I-3. The spectrum of the amino

acid glutathicone is shown in Figure I-4.
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Bovine Hemoglchin at 77 °%

“L 100 XC Moculation
! 4g p-Dp
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Figure I-3.

aramagnet resonance

oV moglobin after
?OK On‘y the weak
rpiion could be dstected in

was warmed to room temperature.
mately 0.07 gauss.
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Reduced Glutathione
<o
iL 1899},
Figure I-4. { paramaqgnetic resonance

ta’chlone . This compound is a
: oi‘ Giuramic acxc;,, c"ydne and
*::,d,, in the form of a dry powder,
nd the tube was evacuated in an
omove OXygen. 1ine LLQ was then sealed
com;omu was ccoled to 779K and irradiated
raviolet hg“t. uu.rmg the absorpiicn measwe-
"L' 77”‘» , ihe 100 KC mcdulation amplitude was
peok~to-peak and H, approximately
at room temperauum, the 100 XC modulation
auss peak-to-peak, the Hj field strength was




2 Methods
In an exploraicry test to determine whether the effects noted by

Heckly and Dimmick (1963) might occur in other types of cells,the following
steps were taken. Spores of 3. subtilis were placed into each of several
gquarts tubes. These tubes were § inches long and 2 mm in diameter in order

to fit the sample holder in the Varian EPR specirometer. The tubes were

séaled on one end but oren 10 the atmosphere on the other. Except for

Y, Y 1,

those in one tube, the spores had been dried from suspension in acetone
and were in the form of dry, unground, lumpy powder. They numbered

PAKS) Sisid spores per gram of dry powder and each tube contained about
0.1 gram of them. From the original container, the spores were sifted into
a sterile beaker using a sterile fine-mesh screen sieve. By means of a
small glass funnel they were then transferred into the quartz tubes. Yeast,
]

in the form of dry active cells (Fleishmanns baking yeast) (approx. 5 % 10

into quariz rubss.

0
(4}
s
[ors

cells) were similarly dispen

yringe, 0.1 ml of the liquid phase of each

45}

S

4]

Using a disposabie gla
of the biocides: ethylenc oxide, ethylene imine, acrolein, acetone, or

peracetic acid (40%) was placed on top of the organisms {in the tube.

w
.

>
(&)
145]
=
v

The hacterial spores with and without ethylene oxide, chlorine, or
ethylene imine gave a very sirong signal (in excess of 1 millivolt). The

veast gave a weak signal which was nearly the same whether or not they had been

sreated with biocide. Heating the tubes genfly produced a darkening of the
contents and an increase in signal. This same effect of heating {(charring)
occurs with sugar, heciwvever.

~-15-
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A vast voriety of materials derived from nonliving scurces are also

1
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known to have unpaired clecitrons. Rish

()

(1955, 1956) has considered
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the energies, & ., to iransier an eleciron from a molecule in a crystal
latiice to its nezres: neighbor in Zhe lattice, and € 5 o transfer an electron

within a lattice. These quantities accord-
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Here 1 is the ionization poiential, A the eleciron aifinity of the
molecule in vacuo, e/t is the Coulombic energy of the ion pair, Pu the
polarization of the crysiel due to the ion pair, and ZPi the polarization of
the cryvstal due to the separated ions. Due to the vast range of possible
compound crvstals and types of interactions in electronic components and
component materials, it would be expected that paramagnetic signals could
occur in nearly any range and could obscure signals found from living cells

raramagnetic species of carbon oxygen, sulfur, nitrogen,

<
0

{Gue largely

copper, iron, molybdenum and zinc), (Rollwitz, 1962; Nickerson and Falcone 1959).

5% Toncliusions

Ciearly, BESR if it were effective in detecting the presence of living
organisms in solid materials, would offer the possibie advantage of non-
destructive testing. Unfo i natelyv, however, it is not pessible to reliably

distinguish between living szores and dead spores, living yeasts and dead

_16_




yeasis, or even charred material from living material. The difference in

slowly metabolizing, and

dead cells is net sufficiently largs to provide data which would be useful

T
anthracene
2 . ww e e 1
dimethyl aniline-tromanil complex

In addition to the compounds on this list

of living {cr even nonliving) micrcorganisms in

(O35 STAINING
1, Iniroducticn

..-..~...,.....

r -
a. Theory of Methods

A wide rancge of dves are available whose staining characteristics on

microorganisme have been investigated. The binding aifinity of the stain
for the microorganism may refiect discrete and sometimes relatively specific
chemical binding sites on the cell wall or cytoplasm of the organism. For

are many others including

a method for the detection

asolid materials.

example, Alcian Blue is a dye which binds to acxdic substances and is

useful for showing the vresence of acid mucopolysaccharides. A wide

..L7_



range of other dyes characterized by relatively strong and nonspecific
staining properties are weil kncwn, (Lewis 19 40), The later category includes most
bacterioclogical stains, examples of which are methylene blue, Azure I,
Gentian violet, and most of the wiphenyl methane dves. During-the course
of staining by these dves, microorganisms are usually rendered nonviable.

As a rule, thoses organisms which are not stained by a particular dye
may-have cell walls which are protecied by fatiy or waxy coats (Anderson 1940),
or the electrical charges on the dye molecule may be similar to that of the cell
wall of the unstained organism and electrostatic repulsion prevents the dye

from binding to it.

T A T - L n A
b. ‘Potential Use with Sclid Materials

re interacting with microorganisms, the
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binding c:;n-v,s of the dves for the organisms bacome highly critical. If

he affinity of the dve for the microorganism is higher than that of the solid

fragments of the materials, conirast will be apparent. This contrast is

highly important and should under idealized conditions result in an unstained
backsround of solid &agmerts and intense, characteristic staining of the

micrcorganism. Thecretically one of the methods which could be appliéd

to provide such staining characteristics involve the incubation of the

sulverized solid with very dilute stain solution. When the microorganism

s the stain and the background of solid material fragments do not stain,

the presence of microorganisms may be esxamzsned A second type of approach

may be used in which the pulverized solid is treated with a more concentrated

-1g_




th the obieci of obtaining maximal staining of microorganisms even

4 L o o Lo 2y nmy ey w v ol R - & T .
id fragments may stain intensely. This over-

the dye is verv soluble. In some casces destaining may be accomplished

by treatment with ether, acsione, or other nonaqueous solvents. Another

( i3 0o use acid or alkaline solutions which reverse

the binding of the dye to the surface of the solid pasrticles, thus facilitating

its removal with the sclution leaving the microorganisms selectively stained.
Cne of the major limitations of dye staining technique is that the |

micreorganism must posSsess & characteristic struciure in order to differentiate

it rom stainable debris. Artifacts wculd thus cbscure organisms which are

distoried or which do not have distinctive shapes. Tungal elements and

veastis are usually less difficuil to distinguish because of their more easily

ail and ihe presence of a well developed

” 3 K

by Adermel 3 ~m e ] -~ y -y
A mixed incculum of Seratia marcescens, Bacillus subtilisg,

propeilant and a solid epoxy plastic material {Maraset*). The inocula in |
2 ’ o |
e D . . O .
hoth cases consisted of 107 of each organism/cm” of the propellant or

plastic. The solids were pulverized by sawing with a hack saw type blade biiad

0th St., Long Island City, N. Y.

son Bros., ine.




#
i 2poroximately 100 mg of each of the solids were stained using
W the following stains:
- 1) Grawm stain

_ 2} 2.0% methylene dDlue
| 3) Alcian blue
L

: 43 Carbol fuchsin
m
L S) Malachite green
r Destaining was attempted with the following solvents:
“d

1) ater

" - .
bl 2) 2% HCI in water

— 3) Acectone-alcohol
&
i i 2 | 2
L 4} Chloroform
r ach of these destaining solutions were visually controlled by microscopic

i The backgrounds of the stained specimens were unsatisfactory in all
cases. It was riot possible in most cases to clearly differentiate the

-~

e appearances of the stained organisms

[

- y 2 T <__1 Iy ~ m
are shown in Tables I-1, -2, -3. The

ackaround consistently was nonuniform

loF

n appearance. The conidia {spores of fungi) could be seen and differentiated
in all stained preperations: however, scanning was tedious and many

stained fragmenis could not be vnequivocally distinguished from debris.
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Stain

B

Gram erain

SIS B e

3

£ | H ]

\?“)Bl3l) .['\’LQ.‘) [\‘Or‘ ?\I.‘If""x\;:\?;l:
Staining Characteristics of Spores of B, _subtilis, var. niger
Spore Color of Spores Color of Vegetative
Treotment Celis
Viable Pink ouilined in Cells at periphevy
Unireated purpla sre pink
Heaied diy Blue to dark blue | Dark red

Auicclaved

intense blue

Pink to red

b Gl

Well dispersed

Clumpad

Well disoarse

|
|

P

D

Ethylene
oxide ireated

Same as for
vieble spores

Same as for
vigble spores

Well dispersed

Chlorvine frested

Intense dark

green

Dark red

e e

Clumps

=3 :

i



Staining Characieristics of Spores of B. subtillis, var., nicer
g & — AOp=h ol { Pdatody: [y nied

Table I-2

VIABLE AND NON VIABLE

Coler of Spores

Color cf Vegataiive
Cells

S By b ok ] .o
‘ Malachite green
spoire stain

Emerald gras

Nong

Spores ce

well

_Z Z_

Intense dark
green, black
center

Naone

Ruioclaved

Intense ureen

None

Well dispersed.
Similar 1o viable 3 ‘
cells . |

Eihviene
oxlde treaited

Emerald green

None

R S ‘

Well dispersed
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Er‘-_':/..‘.s;‘.tl*.g Charac

Carbol fuchsin

Spore stain

Vieble Untreéied

4

Table 1-3

£33 | A

VIABLE AND NGN VIBBILE

lor of Spores

el e ST 2 K Kl
ERTLSLICS G opored 0f B, subiills | va

A A

Light pink

Heated doy

Ty
reilis TE0

Autoclaved

T e ey v Aty ampy o)
Intense davk red

Same as for
viable spores

Nons

i 5, PO R IS, [
Light pink

B, B

Same as for
viable spores

Well di

sSpers

3

Intense dark red

None




vas cnaque and stained intensely. Destaining did

. - o ~ et o
The progsiiant

G

not lead t ction of microorganisms. The

B e P S i - 5 23 M O CASESL, P A 5 La} =
staining methods as apgiied in this siudy were not useful in the detection

5 B-a el -y b RN e o e B S e
of micrcorganisms in solid propellant.

o -

et

I e e 3 Y e £
ng metheds are usciul for detecting microorganisms under

rocund of the microscopic field

e ~ B4 Py 3 oo o
certain speciiicd conditions. 1 : LG

o f“o-‘“‘:.-} ICNS

INEAWPE L)

Steining of pulverized sciids using a variety of bacteriological stains
was relatively ineffeciive for demonsirating the presence of bacterlological
a5s difficuliy wes cncountered in some instances in the Maraset

phal and conidial structures than with the

was more difficuit than with stained Maraset plastic.
Staining with the stains used in this study did not result in detectable

differences between vieble and nonviable organisms.
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e

™
*
— D "
.
e 1
by a. Theory of Method
e and nonfluoreccent dyes the background of
= inz the detailed and confusing
i which may or may not
r_“
g1 3 within solids more reaczixy by the
LS
S5 ed with a flucrescent dye may
— traviciet light source. The number
F ory for the staining of micro-
L -
N nfuorescent dves used for routine
~
rer, there are distinct advantages
“ scopy. The fluorescent light
scurce system may be adjusted o provide a microscopic background field .
which The particles of solids which do not take up
B the flucrescent stain therefore would not be visualized. Idedly, the back-
ground should e as nearly black and uniform as possible. The organism

the task of detecting small numbzers of organisms in a pulverized

#5



el of solid materials,
21y small numbers of
s indicate thai the

.

these requirements.

T~ Phdea v TN o S RS o - T 1 - -1
TFor this reason, Mterature swvey and the subseguent experimental
work emphasizes uliraviolet fluorescent techniques.

and Dead Cells

iiterature in which the use of

w nonviable micrecorganisms was
lirectly related tc viability of
crted that the flucrescent dye,
atween living and dead micro-
cnial procedures was somewhat brief
ed much more intensely than did
-ated by using live organisms in the

the slide while it was under observa-

shhowed intense fluorescence.

ted that differentiation between living
isms, was possiie with the flucrescent

sed the dye to determine pollen

356} reporied differential staining of
wcridine-crange. This dye has been
reen cancercus and noncancerous cells and is the

nd vaginal smears. Vaa
e-orange tc detect pathogenic

) protozoa were stained
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d. Though no distinction between viable and nonviable
contamination inside solids, through staining techniques,
appears to be possible, detection of the contamination is
quite possible and feasible for many solid materials. In
combination with culturing, staining can increase the
'sensitivity of the detection technique when the metaboliz-
ing cells act on ingested stain (Salberg 1960).

e. In none of the fluorescence techniques nor the conventional
staining techniques described in Table I-1 did the ethylene

oxide killed spores appear different from the viable spores.

E. ELECTROPHORESIS

Hs Introduction

Electrophoresis is a method of separating particles, microorganisms
and macromolecules which depends upon their electrical charges, molecular
shape and weight (Tiselius, 1961; Tiselius et al, 1964; Brinton and Lauffer,
1959). When particles with an electric charge are placed in an electric
field they will move toward the electrode possessing an opposite electrical
charge (Figure I-5). The direction of migration is determined mainly by
the charge in the particle (Harris, 1956). Particles with different charges |
will move with different velocities and thus can be separated from one
another. _

Life processes affect the electric charge-to-mass ratio of cells
(Ponder and Ponder, 1955). The life processes going on in the living cell
tend to maintain electric charges of characteristic types and magnitudes

for particular cells (Harden and Harris, 1953).
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The organisms studied in Phase III were B. subtilis, Clostridium

sporogenes , Ulocladium, and Staphylococcusepidermidis.
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Detection of Microorganisms Uniformly Incoculated Throughout Varicus Solids.
(Pulverized by Drilling)
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ADDENDUM

The interim between the completion of the work reported in Phases I

through IV of this program and the writing of this addendum, improve-

ents on the detection m ethods for microorganisms in solid materials

3

hav e been made. These have involved extension in the range of sen-
sitivity of detecting viable microomanisms o 102 microorganisms per
cm3 of solid material.

The improvements in detection first took place in the study of
microorganisms in solid propellants. While conducting these investiga-
tions, it became apparent that certain modifications must be made in the
recovery techniques in order to increase the sensitivity of detection of
microorganisms. We found certain inhibitory substances in the propellant
that prevented the maximum growth of the inoculated microorganisms.
These inhibitors had to be leached out to increase recovery efficiency.
Failure to detect as many as 104 microorganisms per cm3 in solid pro-
pellant occurred if the leaching step was omitted. Whe n leaching and
certain additional steps were included, it was possible to detect as
few as 10 microorganisms per cm3.

Improvements were also made in the pulverization of the solid. Through
the use of saws possessing certain specific characteristics, it was
possible to pulverize solid propellant more effectively than any other
previously used method. '

Because of the large order magnitude of improvement in the recovery
of small members of microorganisms, from propellant, our studies were
extended to solids from whic h previously large inocula of organisms
(lO‘y/gram) gave in many instances negative recoveries of microorganisms.
By applying these improved methods it was possible to detect as few as
100 microorganisms per cm3 from {WO types of epoxy resins. It therefore
is apparent that the culture techniques originally developed for solid

porpellants are applicable in the detection of microorganisms in solid

_plastic materials (Stycast 2850 GT, Eccocoat IC2) from which recoveries

were previously unsatisfactory.
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