This microfiche was produ'ced' from documents received for

inclusion in the NCIRS data base. Since NCIRS c‘annvot exercise
contro} over the physical condition of the documents submitted,

the individual frame quality will vary. .The resulytion chart on
this frame may be used to evaluate the document quality.i

iz [z
: ::;%: ez

ol
I

Illl L

o

~|||||: Ili

N
O

lllll'

“MICROCOPY RESOLUTION TEST CHART '
N}\’TIONAL BUREAU OF STANDARDS-1963-A

{

e e S R R S SN e S s ey o

Microfilming'prvocedures used-to creato tliis'_fiche comply with
the standards set forth in 41CFR 101-11.504

Points of view or opinions stated in this document are
those of the author(s) and do not represent the official
position or policies of the U.S. Department of Justice.

U.S: DEPARTMENT OF JUSTICE
LAW EMFORCEMENT ASSISTANCE ADMINISTRATION
NATIONAL CRIMINAL JUSTICE REFERENGE SERVICE
WASHINGTON, D.C. 20531 .,

L R
e
-qDate

fllmq

RN T

;f 5/20/76

If you have issues viewing or accessing this file contact us at NCJRS.gov.
=

p
/s
;

RPC CORPORATION

1222 EAST GRAND AVENUE, EL SEGUNDO, CALIFORNIA 90245
. (213) 322.0855 772-1191

FINAL REPORT

‘,/

A FEASIBILITY STUDY FOR THE
I

. DEVELOPMENT OF A BIOLUMINESCENT

APPROVED:

NARCOTICS DETECTOR ~ ,

41714

January 22, 1971

!

At~

R. C. Kaehler, Ph.D.
President

.-’

-l

—r

[N
> o——

Pa.r'{‘ w'g;
:/_(..?

-



PRETACE

Under the joint sponsorship of the New York Police Department,

New York, and the Law Enforcement Assistance Administration,

Washington, D.C.; RPC Corporation conducted a six-month feasibility

program utilizing a microbial sensor to achieve the rapid and specific

detection of heroin and marijuana. A companion program was conducted

utilizing additional microbialisensors to achieve the rapid detection

of explosives.

RPC Corporation wishes to acknowledge the assistance provided
by the Narcotics Division, New York Police Department, and the '

United States Army Land Warfare Laboratory, Aberdeen, Maryland.

SUMMARY

The use of microbial senéors has been demonstrated as a reliable,
specific, and rapid method of detectiné low concentrations of a variety
of gases in several previous and current programs sponsored by The U.S.
Government. The concept.of this detection system is based on the ability
of bioluminescent microbial sensors to react to various gases,

Studies were conducted during a six wmonth program to prove the
feasibility of using microbial sensors for the rapid and specific detection
of heroin and marijuana vapors. The program consisted of the following:

a survey and analysis of the background environment; selection and isolation
of suitable microbial biosensors; analysis of variousugrowth and response

parameters of these sensors; development of biosensors with increased

‘sensitivity; and several demonstrations of feasibility. Additionally,

1éboratory instrumentation was designed and fabricated to aid in the
conduction of the wvarious phases of the program., The results of these
studies are the subject of this report., For convenilence, a glossary of
technical terms and word usage is included,’

A study of the background environment was made during an 11 (eleven)
day period in New York City;‘ various sites throughout the city, all with a
history of narcoticst;oblems, were surveyed, No locations were found with

a normal gaseous enviromment which might interfere with the detection of
"

narco;ics.
Microbial bioéénsors from various sources including the RPC

Corporation Culture Collection, the American Type Culture Collection, and

various §9mestic and foreign natural sources were selected and isolated for

this prégram. Strains showing sensitivity to narcotics were retained for




1

further studies, while those strains without demonstrable sensitivity
were not studied further.

‘Studies of various‘grOWth and responsé parameters were made on those
sfrains initially showing semsitivity to heroin and/or marijuana. The
studies:included analysis of the effeéts of age, growth medium formulatiqns,
intensity, sampling flow rate, temperature and relative humidity, and drug
dependence. Collectively, the.results wer; utilized to select those
strains with superior operational characteristics,

Additionally, a strain selection task was conducted utilizing those

strains selected on the basis of preliminary tests. This task, utilizing

various mutagenic and physiological state-of-the art techniques, was

designed to increase the sensitivity and/or improve other operational
characteristics (useful life, selectivity, etc.) of strains previously
selected, Additional analyses of the strain's response to various narcotic
simulants, cutting agents, and controls were performed to ascertain
discrimination cépabilities of thé individual strains,

The combination of the aﬁove techniques and studies resulted in the

selection of two superior strains of biosensors for use in the feasibility

demonstrations. These strains consistently exhibit excellent, repeatable

detections and discrimination between heroin and the controls and were used
in several demonstrations, Both in the RPC Corporation laboratories, the
New York Police Academy, and New York City Hall. Although several strains
have shown some degree of sensitivity, nqne‘exhibiting repeatable sensi~"’

tivity to marijuana were isolated during the course of this program.

Laboratory instrumentation fabricated for this program comsisted

of a test apparatus designed to allow the simultaneous evaluation of

" up to six biosensors. The apparatus, completely self-contained with

the exception of a recorder, was used for the méjority of the laboratory
studies in this program. The results obtained with this apparatus were
reproducible and correlated well with othexr RPC Corporation detector
systems; providing further evidence of the specific sensitivity of the

selected biosensor strains.
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BACKGROUND INFORMATION

Bioluminescence and Biosensors

Bioluminescence, the emission of visible electromagnetic radiation or

light by living organisms, is a naturally occuring phenomenon among diverse

species of organisms, Microbial species capable of this light emission

include bacteria, protozoa, and fungi. Historically, the first study of

microbial luminescence was in the late 19th century. Since that time it

has been the subject of diverse applied and academic research programs. The

occurence of this light emission has been shown to be a normal metabolic

process, and the biochemistry of the process is known in some detail. It

has been shown, for bacterial and fungal forms, to be dependent on the

organisms' gaseous environment.

A characteristic of life, by definition, is the ability to respond to

changes in the environment. The concept of a biosensor is based on this

c v ot .
haracteristic, and a biosensor may be defined as a living organism whose

char ‘s s o
acteristic response to a specific change in the environment is indicative

of the change itself. Microbial luminescence, being dependent on the

ase i i
gaseous environment, is thus useful as a sensor for changes in the gaseous

En 0 N 3 3
vironment. The luminous organisms may be considered a vapor sensor oxr

chemical-optical transducer,

Detection Systems

Use of a photosensor orx optical-electrical transducer, in conjunction

with a gas sampling system and the biosensor, forms an elementary type of

d ,
etection system., The system depends on monitoring the light output of the

10

ot

bioluminescent culture; as samples of gas are passed across its surface,
This monitoring results in the generation of an electrical signal carrying
chemical information. Under ideal conditions, the signal varies
proportionately Qith the spec¢ific environmental change,

Originally develop:d in 1962 by Dr. A. Thanos to monitor toxic gas
levels in the Apollo Command Module Atmosphere, the bioluminescent detector
concept has been applied, by RPC Corpofation, to such diverse detection
requirements as pesticides, jet fuels, explosives, and most recently
narcotics., These diverse capébilities are possible because individual
strains of biosensors respond, in a reproducible manner, to certain
chemicals while others do not respond, or respond differently to different
chemicals, Furthermore, certain biosensors are capable of responding to
classes of chemicals in general, while still differentiating between the
members of the class.

The outstanding features of utilizing bioluminescence for vapor
detection are its sensitivity and rapid response, The sensor element is
good for multiple exposures, has a useful life measurable in hours to days,
and is easily replaceable. Additionally, the detection system contains very
few moving parts, primarily those concerned with air movement for both
sampling and envirommental control of the biosensor., State-of-the art
technology at RPC Corporation permits real-time detection of lower than
parts per million concentrations of various gases, utilizing both portable

and stationary detectors,

11




ENGINEERING DEVELOPMENT

The desgign and fabrication of a multi~sensor laboratory test apparatus
was accomplished as the major contractual engineéring task, This apparatus
was designed to allow the rapid and repeatable testing of biosensoxs as
required in the various tasks of the program, The laboratory test apparatus,
shown pictorially in Figures 1 and 2, and schematically in Figures 3 and 4,
is basically an integrated test system which allows the simultaneous
analysis of up to 6 (six) biosensors to a given effluent. The apparatus
consists of several subassemblies: the sampling network, the photochemical
sensor units (PSU), and the various electronic circuitry. Details of the
design philosophy and opexation of the apparatus and its component parts,

are discussed below.

Gas Sampling System

The component parts of the gas sampling system of the laboratory test
apparatus are shown schematically in Figure 3. Sampling is effected by
insertion of a stainless steel probe into the test effluent container for
the desired time interval, The sampled effluent flows through a six-way
manifold which divides the sample into six equal samples, one for each
individual channel of the test apparatus. These samples pass through the
photochemical sensor units (PSU) where the effluent-biosensor reaction
occurs.

The exhaust ports of the six PSU's are connected to individual
flowmeters which allow the inéependent adjustment of flow rate for each

channel over the range of 0.5 ~ 5 liters/minute, The six flowmeters are

connected in parallel, via a second six-way manifold, through an integral

12
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piswp, and then to an exhaust port. The integral pump limits the maximum
flow rate through each channel to 3 liters/minute. Faster flow rates are
possible by conncction of an external, high capacity pump. This continuous
pampling wethod 18 the simplest, and most often used mode.

At an option, the gas sampling system may be connected in &n alternate
sompling mode, In this configuration the sampling of the effluent may
sutomatically alternate between two different sources. Switching is
necomplished via a 3-way electrically actuated solenoid valve controlled
by the pulse amplifier-controller circuit. Sampling rate and duration
way be fndividually controlled., Generally, one probe (the reference or
background probe) samples laboratory or contxol aix as a reference, and the
pecond, or gampling praba; samples the test effluent. This is the method
of chofce for sampling either effluents containing toxic compounds or
environments in which effluents of interest may be continually and gradually
{neveaaing or decreasing in concentration,

Addicionally, the alternate sampling mode hay be used in a manual mode.
In this configuration, the sample probe remains in the test effluent and
gampling oceurs manually on demand by push button. In either of these
alternate sampling modes the sampling time duration is automatically limited
to the desired interval by the pulse amplifier-controllex cireuits. This
fmethod allows accurate and repeatable control of sampling time,

| Hordwars utilized in the gas sampling system is constructed, where
pousible, of inexrt materials, generally stainless steel and nylon. Fittings
provided at all conncetlon points in the system, allow easy conversion of

'Ehe apparatus between the various modes of gas sampling.

17
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Photochemical Sensor Units

The term photochemical sensor unit or PSU refers to that subassembly
which is composed of an exposure chamber, a biosensor holder, a lens
system, a photosensor, iﬁlet and exhaust ports, and an integral pre-
amplifier circuit. The PSU interfaces optically with the biosensor
surface and the photosensor; gaseously with the sampling network; and
electronically with the signal processing circuitry. The exposure chamber
deéign considers flow rate, port configuration, lens system, and biosensor
holder. The laboratory test apparatus consists of six PSU's, each
individually controlled.

The integral preamplifier circuit and the photosensor provide an
output signal (to the sigﬁal processing circuits) which is proportignal
to the intensity illuminating the photocell. The light output of the
biosensor is focused on the photosensor (photocell) by a lens. Variations
in the light level (intensity) of various biosensors are accommodated by
individual gain control circuits, The biosensor, which is housed in a

petri dish, is inserted into the PSU holder; which in turn couples the

biosensor to both the photosensor circuitry and the gas samplihg network,

Electronic Circuitry

The electronic circuitry (exclusive of the preamplifier circuit
described in conjunction witH the PSU) consists of signal conditioner
circuits, pulse amplifier and control circuits, intensity readout, signal
outputs, and power supplies,

The signal conditioner circuits selectively amplify the output signal

of the photochemical sensor unit. The circuit designs consider «iplitude,

18
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waveshope, and timing of the input éignals and provide output signals, i
(, Ls provided by a series of standard output jacks. These outputs
2

connected to strip char

ecompatible with xecording instruments, proportionate to a mathematical

funetion of the input signal (the change in luminous intensity of the ¢ or magnetic tape recorders, provide permanent

records of tests -4 :
biogsensox). A total of 18 signal conditioner circuits, six sets of 3 types conducted utilizing the test apparatus, Qutput signals

for each PSU, and { ¢
cach, ave included in the laboratoxy test apparatus, The three integral ’ for.each Signal conditiomer circuit are available, Tt

is also possible t , "1
types of gignal conditioner circuits (rate, rate-reset, and DC-offset) are P © comnect the preamplifier outputs to external signal

conditioning circui ; .
incorporated to provide useful information output from the variety of g cuitxry, should thls be desired,

Internal : ,
possible foput signal waveshapes, amplitudes, and frequencies. power supplies provide proper polarity and amplitude

opexating potenti ; ,
Sampling valves included in the gas sampling system are controlled by 5P ials to the various subassemblies of the test apparatus,

, Included are lin ,
pulge amplificr elrcuits, Operation of these sampling valves is possible e voltage for the pump and intensity readout circuits,

+ and ~ 15 VDC £ 4 q -
in both an automatic and a wanual mode. In the automatic mode, the valves Or Signai conditioner circuits, and 28 VDG for the sampling

open and close for a preset time and at a preset interval. Both "on~-time" vatves.
and rvepetivion rate are individually controlled, In the manual mode, the
valve elthow opens for a presct time on demand (activation of a push button)
or remalns open for the interval of time during which the push button is (,
agtivated, Additionally, the pulse amplifiex circuits provide output
signals to indlcate sample times on recording equipment.
An intensity readout circ@it, incorporating a digital voltmeter, is
included in the apparatus. The circuit is connected, via a selector switch,
to cach PSU and in conjunction with the individual gain control circuits
provides an accuvate, repeatable method of adjusting the nomiﬁal intensity
of biosowsoxs to equivalent settings., This assures accurate comparisons
botween hicgnnaﬁrs in the individual PSU's. An intensity output signal is
aeailable for those circumstances where a record of intensity is necessary.

Access to the output signals of the various signal conditioner circuits,

and the additional pulse amplifier and intensity outputs mentioned above, .

19
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BACKGROUND TESTING

Detection, utilizing bioluminescence, is based on the ability of the
blogensors to veact £o various components of their gaseous environment.
Past experience with bicluminescent detection programs has shown that many
biosensors are sensitive to a large variety of gases. This reactive
diversity requires control, A given biosensor, semnsitive to the vapors
of interest (in this case, those of heroin and marijuana) under controlled
condfitions nmust also be capable of detections in the field where the
effluent of interest is mixed with many additional effluents, rather than
with relatively clean laboratory air. Background studies were conducted
as paxt of this program to study the enviromment in which detections of

narcotie effluents will ultimately be made. The background tests were

conducted over an 11 day period in August of 1970 in New York City.
Tests were conducted utilizing two RPC  Corporation prototype

detector units, These units differ principally in gas sampling rate and
PSY exposure chamber design,

Two different types of detectors were utilized both to increase the
vilidity of the tests and to study the response of the biosensors utilized
under varying conditions,
have bueen shown to affect sensitivity, and studies of the effects of these
parameters are therefore necessaxy,

Two different strains of losensors were utilized in the background
tests,  Both had previously been shown to have sensitivity to heroin and

marijuana undey controlled conditions. For each sensor strain, tests were

21

Both flow rate and exposure chamber configuration

ey

- -

A .

conducted on two media formulations, at a minimum of two ages, in each
detector unit,

Sites for testing were selected by members of the Narcotics Division,
New York Police Department in conjunctioﬁ with RRC Corporatilon test
persoonel. All sites had a past or present history cf narcotics use
and/or sales problems. A cross~section of indoor and outdoor, residential,
commercial, and public sites were visited; location included Spanish and
Negro Harlem, lower midtown Manhattan, Greenwich and East Villages, Queens,
the East River waterfront, and J.F.K. Airport, When possible, sites were
tested (as described below) both in morning and afternoon or evening hours.
In general} gsamplings at each site continued for a minimum of % houx
actual testing time.

All test equipment utilized was powered by self-contained batteries
with the exception of the strip chart recorder.‘ This recorder (Techni-Rite
Electronies TR-711), used to provide a permanent record of the testing,
requires 117 V A.C., and consequently was powered by a portable power pack,
consisting of rechargeable 15 VDG batteries and & convertex, which
Aprovided the necessary operating voltage and current. Use of this power
pack and self-powered detectors eliminated dependency on wall outlets and
allowed testing at various remote and/or outdooxr sites.

At each site, a record of the gas sampling was made utilizing both
detectors, and the various ages and types of biosensorsf Recoxds of
each site include date and time of day, temperature, location, detector,
biosensor type and age, strip chart speed and sensitivity. In addition,
notes include a general description of the environment sampled. Examples
include instances where certain potentially interfering effluents were

noted, Examples of these include coffee (dock warchouse), garlic cooking

22



odors (Spanish ﬂarlem),bfucl oil (various sites), human excrement (tenements),
partially decomposed bedding (basement shooting gallery) and musty conditions
(basement apartments). Additionally, samplings were made at such diverse
locales as: abandoned, partially burned-out tenements used as shooting
galleriey; garbage containers; clothes closets and dressers; fish and
food markets; bathrooms and kitchens; and hallways, staixways, and roof
landings., It should be emphasized that the decision to visit sites more
than once, though desixable, was not always possible, The Narcotics
Division personnel assisting the RPC  Corporation team felt that returning
to some sites would cause too much concern and commotion with residents.

Sevaeral reprasentative sample strip charts of background testing are
shown in Figure 5. Note should be made of the quiet background (normal
gaseous enviromment, in which detections are desired, which does not
produce spurious signals or oscillations). Backgrounds of this type, with
low nolse level (normal, small amplitude signal fluctuations occuring
during steady-state samplings) are desirable as they simplify the problems
of cleectronic signal or gas filtering.

During the course of the background studies, test personnel had the
opportunity to sample several apartments used as heroin packaging
factories, The testing proceeded in the manner previously described after
the apartment was scecured by detectives, but before the confiscated
narcotics were removed, In these instances, heroin was detected utilizing
the same detectors and biosensors used for the background studies, Again,
gamplings taken in the apartment, but away from the heroin yielded low
noise background levels., Tigure 6 is a sample section of strip chart

showing background signals and heroin signals obtained undexr these
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Figure 5. Samples of General Background Testing., From top to bottom they show
representative recordings from a temement, a dry goods stall in a publiec market,
and a fish market. For all samples, chart speed was 1 mm./sec, and sensitivity
was 1 volt/division (except the top sample which is 100 mv/division).

24




.
Erarp, vhme .
; 1 : P
A' ‘E ? ¥ v i
: . ! .
. q bob
i | P !
¢ i T *
: H : :
- . P
: N B '
: M N
. St o i
. ¢ /A B V
. o H
‘ R .
. ’ H :
4 S .
} '
. §
s _ ( -‘
-
p oot I ! .
r ¥ P . i
2 ! v o ! P
N Y H N N i ". ; )
I8
v dondb ek
[ e ! Lo
o Mg L b ‘ .:' ¢ : -
% A‘ M.
?:,Jnn-..:.n. oy . w,‘,‘z"”,“ F L eoveaanly
3 ! ab ; i
!. o \ Y] I i /
i ‘? r) ; s . ! i o
e ! } i
P R f f,‘é":" I R
| S : WA ’
! ; : : } O LRRt e Ts o whe
‘ : ; i K 4 N
i Vot Voo i N
!
! (g o, S IO { Bt
> B ISENEE BN i o
—% : R
: O T ot
DN Clesariniaite b Yl S
¢ 1 i P § ?'Pj n
N i I [ -
. - A\ L j! HF‘I“"*J'
O ; b : PR
) !_ .‘,‘ PRl . [ { ’ 1‘“ \"
, i i F S i Ih\ N
S S TEEEEH AT TR TRRS 0% oy B v
TN E R b i &
» . ' H I Y
TR AT
¥ i f S | ; i 3 13
oo AR [ i :
. Gk HE IS
H : i i REE i i ‘%
voob TN Y A P
! Y R A Feosd i
! } L 4
v ; i e et
| RO A A
) ‘ " : § ‘[
/\,‘ ” I I
AN o
i i N
R SRR £ i‘:,«‘u{u&:
toog Pl
L o ¥ o ‘q{ .
: f i .
R Tt
RS SIS TEYRE STNS DN PO ikt okttt ]

Flgure 6. Strip Chart Recordin i
. . gs Showing General Background Samplin d
gstggt;?;sugfo:nPowggr Subseguently Shown (by Police Laboratoxry znalssi:)
A . ¢ recordings were made using the same bios s i
two different detectors, For both samples chart speed was 1 mm??szz 1:nd

sensitivity was 1 volt/division : : S
right of each chart, - Sampling intervals are indicated to the
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circumstances, The heroin signal obtained was of the same general wave~
shape, polarity, and ampl%tude as those obtained in the laboratory with

the same biosensox. Several repetitions of this detection were made for
verification,

The data collected (strip chart recordings) were analyzed for the
presence of putentially interfering or masking effluent components present
in the atmosphere, which might interfere with the ultimate detection of
narcotics, Potential interference would be indicated where the gaseous
environment contained effluents which may yield signals which closely
resemﬁle those of heroin or marijuana., Additional poterntially interfering
effluents are those where the biosensor »esponse oscillates in such a
manner as to mask detections of narcotics, No instances of prublems of

this nature were encountered in any of the sites tested.
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LABORATORY TESTS

[

Although over a hundred sensor strains were available at RPC
Corporation at the start of this program, they had not all been evaluated
for sensitivity to the specific requirements of this program. These
strains, and new isolates from nature, had to be screened to allow
selection of potentially useful strains. Additionally, it was expected
that modifications of the selected strains would be desirable as a method
of providing sensors with more useful characteristics. These two tasks,
screening and strain selection and development, form the nucleus of the

laboratory test progréms (See Figure 7).

-

Scxreening

Screening refers to the systematic testing of the biosensor strains
to determine their response, if any, to the test chemicals of interest
(heroin and marijuana). Initially, screening is performad to survey a
collection of strains and select those capable of generating repeatable
signals., Ultimately, these potentially useful strains, and any new
isolatcs or mutants found, are screened repedtedly to check the effects
of such variables as temperature, éelative humiZity, or nutritional
composition of the culture'meaium.

Preliminary screening

"Most screening was performed utilizing the integrated laboratory test
apparatus which provided for comparison of 6 sensors simultaneously. This

capability was utilized to compare simultaneously, the signals from

identical or differing strains which have undergone a variety of preparation
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Culruve Collection New Isolations

\/

o BaSLC Screening ot

for Sensitivity

., Nutritional, Environmental,
Other Tests

@

Mutagenesis, mm—n———
> strain Selection and Development

{

Preservation Technique
Studies

Figure 7. Basic Laboratory Testing Flow Diagram. Note continual
re-evaluation of strains (to study nutr1t10na1 requirements of
mutants, for example).
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achenes, prior to their utilization as sensors. The testing procedures

are presented in the flow diagram (Figure 8). Briefly, the procedure
involved the comparison of signals resulting from controlled time and
flow rate expooures to both heroin and marijuana effluents, and an

aequivalent ezposure to a control container. The signals were recorded

on a strip chart recorder (Brush-Clevite Mark 260). The sensors selected

from the above task as potentially useful, were those generating répeatable
slgnals upon cxposure to effluents of marijuana and/or heroin.

Sensltivity of the sensors was checked at a.minimum of two ages, 24
and 48 hours, and when possible at 72 hours after sensor inoculation.
Sennors which did not generate signals to either effluent were not checked
further. Sensors mecting the minimal criteria mentioned above were
e¢hecked again to insure repeatability.

In addition to the strains of bacterial biosensors from the REC

Gulture Collection, sercenings of luminescent fungi and additional bacterial

species obtained from the American Type Culture Collection were undertaken.,
New fgolates wera obtained from Japanese, Mexican, and domestic marine

gourcaes and were checked as part of this program.

These studies resulted in the selection of 17 potentially useful bio-
aonzors out of more than one hundred tested.

Tables 1 and 2 show the prineipal characteristics of these selected

styaing from the RPC Culture Collection, and the new isolationms, &
respoctively,

Lffocks of biosensor age

Rasponse to spoecific environmental changes is conditional, although

the ability to wvespond in a specific manner is genetically controlled.
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Figure 8., Flow Chart Showing Standard Screening Procedures
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TABLE 1y Principal Chaiacterisuics of Biosensor§ Selected from
" the RPC  Corporation Culture Collection.

Gulture < aations indicate source of inoculum and type of
" 23;;§§“mgtii§, LUM/5Q indicates LUM Broth Culture inoculated
onto squid agax. ‘
2y  Indicates polavity of signal
3} WL indieates no luminesconce
. 43 9 indicates no sensitivity
N 5) NG indicates no growth

N

>

incip
© indicates no sensit

4) ©NL indicates no luminescence

Indicates source of inoculum and type of sample matrix (See Note 1, Table TI)

2) Indicates polarity of signal
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Gonditions affecring the response include (among others discussed below)

the age after {noculation of the biosensor culture. Experience has shown
that styadins may, for crample, show no sensitivity (no response) at 24

iours {age) while showing good sensitivity at 48 hours. The reverse is also
ponnible,

Because of this, preliminary screenings of strains, regaxdless of
source, were conducted at 24 and 48 hours, as a minimum. This provided
assuranege that potentially useful strains would not be overlooked. It
shipuld be mentioned that this dependency on age should not be construed as
indieative of the uitimate useful life span of a biosensor, as this is
dgpendent on additional factors, including nutrition. An objective of
strain selection ond development is, among others, an increased life
gpan Lor Lioagensors,

It should algo be mentioned that this multiple age screeniﬁg was also
mawed, as o normal procedure, for all mutant screenings, nutrient evaluations,
amd other gtudies on the effects of a given parameter,

Lifects of temperature and relative humidity

soth temporature and relative humidity are factors affecting the
detection of naveotics utilizing the bioluminescence concept. Parameters

affccred inelude tho sensitivity and useful life span of a biosensor, and

the aoount of vapors evolving from a source.

Thess offects wore Investigated with the biosensor, the effluent
sourca, or both av controlled environmental parameters provided by a
HotPack Oovivonmental Chamber, Parameters utilized were 10°C, 30% R.H.,
20%¢, 50 and 70% R.H,., and 35°C, 25 and 80% R.H.

Repults indieave that 20°C, 70% R.H., are optimal biosensor
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environmental parametdré, and this is consistent with past experience.
Higher temperatures, or lower humidities (in the range tested) allow
detections, but significantly shorten the useful life span of the bio-
sensor. Lower temperatures, as would be expected, significantly reduce
sensitivity,

Additional tests (see Feasibility Demonstration Section) were
conducted with the biosensor environment fixed at the optimum parameters,
but with effluent source both warmer and colder, with various R.H. levels.

Problems were encountered with these methods only when rapid (2-4 times
per hour) fluctuations of relative humidity occurred. WNo stable R.H., level
presented auy problems, signal changes, or signal attenuation. Analyses
have shown that the problems encountered were due to the R,H. change in
the sample and control containers lagging behind the R.H. change in the
environment. The problem was due to the screening method used; rather
than the biosensor system itself. Problems of this nature would not be
exgected in the field where the environment containing narcotics or
narcotics packages would be sampled,

The tests showed that detections of heroin utilizing the biolumi-
nescence concept are possible when the eﬁfluent source and/or biosensor
are at a variety of temperature and R.H. levels, but that optimgl detections
require maintenance of the biosensor at or near 20°C, with a relative
humidity of 50 - 100%. Present sensitivities also require that effluent
concentrations be at least equivalent to that evolving from the sources
tested (see Feasibility Démonstration Section). Detections of narcotics
effluent sources at temperatures lower than approximately 15°C require

either greater source surface to volume ratios, larger source volumes,
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vlopengors with inercased sensitivity, or a combination of these. This

‘ C. ‘ ' Cells are harvested by

46 necessitated by the lowering of vapor pressures with temperature, :  centrifugation and washed

- three times in 3.0% saline
fo e , to remove proteinaleous
n et . 1“0’]1’]:0‘ » ) components of media which ;
Srrain Selection and Development . Stock Culture - Flask ul ted and " . wight interfere with 0V
: et 18 12°§:dato roduce irradiation; cells are
, Yo v . incuba » Lod » 2 g . .
Strain seleetion and development refers to a program of studies B - . P resuspended in saline

o

" dense culture ] e

y -t

Zero Time Sample (Control)

N . .
; o . J

diveeted at the production of biosensoxr strains with more desirable ' . ; o v y

chavacteristics, such as better sensitivity or longer life. Strains to

ke studicd in any of the strain selection program tasks are those which , . Gells suspended ?/—~\\
, - 3.0% sali o ‘
prior sereening and tests have shown to be sensitive to heroin and/or \ o quartz flﬁikin |
W " i { ; i agtd Chemical Mutagenesis = . %
wardjuana. Tho program involves the systematic mutagenesis and testing 7 suitable dilutions of the !
»f pelecte Sy #4112 . : -4 . ] selected mutagen added to v . ‘
of selected straing, uLil?aing variced media formulations and nutritional washed cells instead of . ‘ |
; : . i . irradiation; sample times ] . o ’
udditiﬁaa. Details and results of both the varied forms of the screening . depend on matagen used .& % n Y i.UV IRRADTATION <:::> <:::>‘<:::>
and the strain selection and development programs are discussed below, -- , R . \
: Suspens:.on irradiated ‘ , ' ‘ Zexo time sample
Pormulae for all nutrient media are included in the Appendix. for 5, 10, 15 seconds; ‘ - : ~ is diluted and
{. . lamp distance constant . A .. plated out to allow -
Ultraviolet irradiation mutagencsis * for all times 7774 . iiu:erittiztzﬁnzero
* me pop .
All twelve (12) candidate biosensors have been subjected to a minimum o A e
- , /
of one get of ultraviolet iwrxadiation (UV) parameters. The basic procedure NOTES: . Lg// /ia 44
- . . . et s 1. Zero time sample yields indication .
it shown diagramatically in Figure 9. Briefly, the procedure involved the of size of original unirradiated (untreated) Incubation‘an&
population Enumeration

exposurs of a known population of célls to a standard dose of UV for

' ' 2., Irradiation 15 seconds or longer
Govar . . 8. wit . " generally results in 100% kill
several time intervals, with periodic sample removal after 1, 5, and 15 3. Useful kill proportions are

approximately 95.0 - 99,9% (both UV & Chemical) 3, "10, 15 second samples . C

veeonds exposure. These samples were inoculated (plated) onto nutrient (5-10 seconds as determined with each dlluted and plated

-~ ——. ‘,J-—-"’
' ; fori L 1 1 Wi s set ~

agar, incubated and checked for evidence of mutagenesis. The majority of ..calibration run with this setup) .
colls were killed by the exposure to UV; furthermore, the majority of * ' : l

‘ . Selected mutants Incubatlon, Enumeratxon,
matants wora lothal, Survivors of the irradiation were checked for quali- ‘ inoculated im;o /// T and Selection of Mutants

\ : broth v S

tative evidonce of mutagencsis. TFactors considered were those affecting ; v . .

Cultures Screened L . . \' h ‘

EarEys WG - CTERSW MR e e e

hoth physiologleal characteristics (bioluminescence, growth patterns) and
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Figure 9 I‘low Chart Showing Basic Procedure Used for uv

and Chemical Mutagenesis
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morphiological characteristics (colony size, shape, color). Evidence of
changes in any of these characteristics, im comparison to the control
(parent) strain was conaidered indicative of effective mutagenesis,
“hoese colenies were selected, inoculated into a nutrient broth (liquid)
growth medium, ivcubated and subsequently screened for semsitivity in
the manner deseribed above.

There were definite probabilities that a proportion of the mutants
would, and a proportion would not, retain the sensitivity to narcotics
exbiibited by the parent strains, Purthermore, there were definite
probabilitics that among those mutants which did retain sensitivity,
gome proportion would have decreased sensitivity, Only mutants
dewmonstrating increased sensitivity would be retained. and checked further,

A total of 23 UV mutants were isolated and screened for sensitivity
ko narcotles, Parent strainsg of alllmutants were one of the twelve original
candidate biosensors or onc of the five new isolate candidate biosensors
as listed in Tables 1 and 2 respectively, '

Three isolates of strain C-10, out of 13 selected, showed significantly
inereased scensitivity to narcotics in comparison to the parent strains.
vheso strains - LC~10A, LC-10D, LC-10F - were screened in detail to
dotermine optimum age and nutrient medium formulations, and reliability.
Analysis of the complete data showed that only LC-10A was capable of
yielding repeatable signals. It was, therefore, subjected to additional
{rradiation (and chemical) mutagenesis experiments in an attempt to isolate
wutants with atill inercased seunsitivity., No isolates with these character-
iatica woere, however, isolated from the re-irradiation of LC-10A.

Aﬁﬁitianally, UV irradiation isolates xesulted only from strains C-4X,
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C-9, C-10 and C-50. Ail were screened in the manner previously described.
No mutants demonstrating increased sensitivity wexe isolated,

An additional technique, described in the literature, was investigated.
This is based on evidence that the addition of caffeine to the nutrient
agar used for the isolation of UV mutants will retard the normally occur-
ring repair of irradiated genes. Other than this addition of caffeine,
the procedure was the same as that previously described. The method was
tested with C-4X and C-9, No useful mutants were isolated with these
techniques out of 33 mutants isolated,

Further testing, at various ages and with various nutrient agar
formulations established that none of the UV mutants were capable of
consistent narcotics detection and they were not utilized for further

studies,

Chemical mutagenesis

Four chemical mutagens were Selected, based on both known efficacy
and availability. These were 5-Bromouracil (5BU), 2-Amino purine (2AP),
Acridine Orange (AO), and N-methyl-N'-nitro-N-nitrosoguanidine (NG). The
procedure for chemical mutagenesis and subsequent screening is basically
similar to that for UV mutagenesis, with the principal difference being
the mutagenic agent. Reference should be made to the preceeding section
and Figure 9 for procedural details.

Six biosensors were subjected to mutagenesis using the four chemical
mutagens at a minimum of 4 exposure times (5, 10, 15, and 30 seconds).

.

Isolates resulting from these procedures (see Table 3) wexe screened
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MUTAGEN
A0 5BU 2AP NG

C4/336 16 2 2 9

C10A ¢ 3 e 8
fa Cll e 7 0 e
é 4 8 0 2 ]
é C43

c50 0 8 4 6

PoN 8 ) 8 2
Table 3, Matrix Showing Origin and Numbar of Isolates

From Chemical Mutagenesis Experiments,

A0 indicates Acridine Orange, 5BU indicates
S-Bromouracil, 2AP indicates 2-Aminopurine,

NG indicates N-methyl-N'-nitro-N-nitrosoguanidine,
0 indicates no mutants isolated. .
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for sensitivity in the’manner previously described., Several promising
mutants of C-50 were isolated from the Nitrosoguanidine treatment and
were subjected to detgiled screening., Additional mutants with increased
sensitivity were not isolated.

Strain LC-50XYZ, an NG mutant of C-50, was shown to be the most
sensitive strain for heroin detection, The parent strain (C-50), a
new isolate from a locally obtained squid, is somewhat less sensitive
but more stable, LC-50XYZ, however, with some additional work aimed at
improving consistency, might prove to be the best heroin detection
strain. Figure 10 is a‘sample of results showing the comparison between

parent and mutant strain,

Ultrasonic mutagenesis

The use of ultrasound (20KHz) as a mutagen has been reported in the
literature. This technique was tested utilizing (-50, the most sensitive,
consistent, and reliable biosensor strain. The technique, basically
similar to that used for UV and chemical mutagenesis, involves exposure,
for varied times, of knodn density saline cell suspensions to the ultra-
sound. As with other mutagenic techniques, the test suspension and a
control suspension are plated out, incubated, and checked for evidence of
mutagenesis.,

These trials, all involving C€-50 but with widely varied times of
exposure and/or power levels, have shown that the strain tested is 6

particularly sensitive to cell disruption by sound, Minimal exposure

time/power level tests showed no evidence of population reduction ox

mutagenesis, while only slightly longer exposure times oxr higher power
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Figure 10. Sample Strip Chart Recordings Showing Comparativ? Reactlgxty
of Mutant and Pavent Strains of ¢-50. Chart speed was 1 mm,/sec. 2? )
veeorder seusitivity was 500 mv/div., TFor the samples shown, both ;Z
sensors were prepared on Squid agar from Squid broth,‘but c-go was 2
hours old, while C-50XYZ was 72 hours old. At 72 hours, C-50 was n

Creaetive teo all narcotics and controls, while C-~50XYZ (as shown) retained

i ¢ y i 1 is newspaper,
hie sensitivity 1t had at 24 hours, Wrapping conFro
g?gacic, and pgpar tape ag used to wrap bulk heroin. Although not shown

in this figure, reactions of C~50XYZ, 72 hours, to other narcotics §nd
controls was equal to, or superior to that eof €-50, zakhours. Sample
intervals ave indicated by the vertical warks below the pen trace,
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levels resulted in 100% cell disruption, Therefore, this technique was

not utilized further with this or other strains of biosensors,

Drug dependency studies

The dependency of luminescence and sensitivity to the narcotics of
interest was studied with twelve strains, with an aim toward characteri-
zation of a culture whose luminescence is heroin or marijuana-dependent,
The procedures used involved the isolation and characterization of
strains whose sensitivity to marijuana and heroin is dependent on the
presence of these drugs in the nutrient matrix (agar). - Initial investi-
gations were performed using a gradient plate technique, This technique
involved the use of a large container (plate) of nutrient agaxr prepared
with tw§ distinct layers (see Figure 11). The layers differed only in
that one contained an additional component. - th¢ drug. The plate was
prepared in two stages; the bottom layer was poured with the containexr
slanted to provide the gradient; the top layer was poured, with the
container level, aftef the bottom had solidified. The complete plate
was allowed to remaig overnight, thus allowing diffusion of the drug
molecules between the layers and produﬁing the gradient indicated.
Strains of biosensors were inoculated in a uniform linear pattern across
the gradient and incubatéd. Analysis involves the observation of the
dependency of growth and/or luminescence on the drug at points proportion-
ate to 0 - 100% of the concentration added. .

Additional investigation utilized a replica plate technique
(see Figure 12). This method allowed the carefully controlled comparison

of biosensors to a definite concentration of narcotics. Strains were
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Figure 11. ©Preparation and Use of Gradient Plates
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the hot or cold marijuana extracts,

inogulated onto a standard nutrient medium in a grid pattern and
allowed to incubate until good growth and luminescence were present,
This grid pattern of geveral different biosensor strains was then
simpltancously transferred to additional media, including a control

weddium (the same medium type as the original, or master plate). After

appropriate incubation, comparisons were made between media, additives

and straing as to both growth and luminescence (Figure 13).

The luminous intensity of several strains appeared, on initial

{nvestigation, to be heroin dependent, Strains C~4/345 and C-57 were

significantly brighter on Lum + hexoin than on standard (control) Lum.

Styain €-50 was dimmer on Lum + heroid compared to the control Lum. C-11

shiowed varied vesults., Concurrent to a repeat of these tests, biosensors
of theso scraing on Lum 4 heroin and standard Lum were prepared, incubated

and acercened for differences in gensitivity to heroin. These repeat tests

antt the sereening showed that the apparent dependency on heroin was in-
conalotent and that no increased sensitivity to herxoin resulted.

Additional drug dependency cests were conducted utilizing nutrient

apgnr formulations prepared with both hot and cold marijuana extracts, A

voplica platoe teclhinique, as discussed above, was utilized. Ten strains

tested showed uniformly dimmer luminescence in the presence of either

No effect on sensitivity, however,

wag noted whan geveral of these sensor strains were tested for sensitivity
Lo naveotics,

he roplica plate technique was also utilized to study the possibility
that drug daependency might be induced if heroin were substituted for the

normal cavbon source (Glycerol) im Lum agar. This technique was tried

45

o

s

e

T SRR N R T e

13
v,

\ %;a ~ ""V/ﬁ‘\’—\‘
SN MY G
& e g%

% 5

e <M . Squip
NERGIN

"

aph: Series of Replica Plates
i 13, Photographic Record of a

gz&;z:ed from the Same Master Plate, Note that C57 and C4/345
are present but very dim on Lum Agar.

46



=
T T e

‘ Q with gstradin C-11, which had previously shown evidence of inconsistent . ' R
dependency on heroin for luminescence, However, no more consistent . ' |

dependency was found utilizing this technique,
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The effeet of inoculation geometry was studied with strain C-50,

by prepaving a sct of blosensors which varied as to surface area inocu~ - ' 5
lated, and thug surface to volume ratio. The broth volume used for all i g
Lhw ploates wag constant; all of the plates were prepared in one batch - i
and f{noculated from the same source, Analysis of the results showed that 150 i
the normal {noculation pattern (0.05 ml. broth spread over a 20~22 mm. . ) §
avea in the centeyr of the plate) was optimal in all respects for the e B * ‘ '
sengoy tested and the photosensor units utilized., This is consistent‘. 100
Q with other work of cthis nature, and verifies t:.hat:.the inoculation ‘
goomatry utilized was optimal for the PSU configuration., Figure 14 is ' 3
a tabulation of uhakreaulcs.
Prvvinguhanian of nutrient apar formulations - s
Pre~ingubation of nutrient agar plates may be considered a method of :ffé PR e j Bia | f X {
adding components to the basic nutrient agar. The method involves the ) 21 24 35 24/6 17/8
~ : INOCULATED AREA, MM,
iﬂuubanian of nutrient agar plates in a gaseous environment containing
thy desived compound,  In the case described here, the environment was ‘ gifg?g éféo’Egiigg gfotgozglggigg ggzgftgz g?s§ei§§ixigy;8ed
100% oxygon, Plates were allowed to remain in the oxygen atmosphere for ‘ :g:mZ%lSzizziingsgﬁgzigﬁrizriziznuzzg.g §§§°Zi§n3§§dtg§ccern
pariods of 24-48 hours, The purpose of this pre-incubation was to provide ' §§§eﬁagﬁncﬁistziaiggfd?argéniii1t?§ zﬁgeglv;;?e:rgz?phgie
higher oxygen concentrations for the biosensor since oxygen is necessary 'iigttﬁz°f§;:§zzsiigg::tzrsugzzgzngﬁﬁcigiigiegiZ£ei:gcgéazizn’ :
for luminoscence end sensitivity, Formulations utilized for the study, inoculated area. \
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were both the standard Lum and Squid nutrient agar formulationms and
blood npar (a formulation containing 2.5% whole blood cells). Blood
apar was used because of its hemoglobin content; an oxygen-binding
moleaule,

Kepults of these tests proved somewhat inconsistent, but in general
thie blosensors show increagsed senaitivity due to oxygen pre-incubation,
Blood agay, however, was no more efficient than Lum or Squid agar with

the game pre~incubatfon history. TFigure 15 is a tabulation of the results.

totyitional evaluations

Growth, lumincscence, and sensitivity of microbial biosensors is
doependent on the nutriané matrix used for their growth, Although
capuble of growth and lumincscence on media of diverse nature, sensitivity
tv a given effluent may be affected by the formulation utilized even
thoupgh growth and luminescence are not affected. To evaluate this,
various mutrient formulations, both liquid for culture maintenance and
uolid for biloscngor preparation, were utilized with the various strains
goleetad, It ghould be emphasized that sensitivity testing on various
nutrient agar formulations, as well as the other phases of the strain
selecetion and development tasks, were repeated during the course of the
program, Shese repeat trials weve performed to verify test results, and
to check vesponse of mutant or tew isolate strains as they became
available,

Media formulations tested, listed in Table 4, were representative
of the diverse types utilized in prior programs at RPC  Corporation or

1isted {n the literatuve., ALl had previously been utilized as growth
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Figure 15, Effects of Oxygen Pre-incubation on Reactivity. In
each case shown the nutrient agar plate control signal was taken
as the 100% standard and the test signals graphed based on this
standard. Control plates and pre-incubated plates were all from

the same batch,
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Luminous Agar (Lum)
Squid Apar (5Q)

Gooked Meat Agar

Tryptone~-Yeast Extract Agar (TYE)

FA IV

RZABT

Veal Infusion Agar (VIA)

DMSO .

TABLE 4, Nutrient Formulations Tested (See Appendix)
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media for luminescent Bacteria. Bimethylsulfoxide (DMSO), a resecarch
compound known to aid in transport of chemicals through membranes,
was also tested. Medium formulations with DMSO did not inerecase
sensitivity to narcotics,

Results of these tests have shown that two formulations, Lum and
Squid agars, in conjunction with these same two broth formulations
produce consistently better biosensors for narcotics than any other
formulation. Two additional formulations (NZABT and FA IV) were
inconsistent, but on occasion yielded biosensors with sensitivity
exceeding that of either the Lum or Squid agar formulations,

In most cases, the inoculum source for growth medium evaluations
was either Lum or Squid broth., Experience has shown these two
formulations to be superior to othexrs for culture maintenance. It
should be mentioned, however, that the best biosensors with strain
C-50 (and others) result'from preparation of a Squid agar biosensor
plate with Lum broth inoculum., This effect has been verified, with
C-50 and other strains and is apparently related to enzyme induction
(the stimulﬁtion of metabolic pathways due to presence of certain
components of the growth medium) on transfer to the solid medium,

The Lum broth to Squid agar inoculation is apparently more efficient
in stimulating the metabolic pathways involved in narcotics sensitivity

than either Lum to Lum or Squid to Squid transfers.




SERGOR SELECTION AND PRESERVATION

qhe selection of the optimal biosensor strains developed during the
course of this program, and preparation of these stsains fur use in the
feasibility demonstrations required several additional tasks. These
{neluded an analysis of all available test data, sensitivity and dis-
eriminat fon tests utilizing a modified screening procedure, and a study
of gultuble prescrvation tecliniques for the biosensor.

qhe method of testing vesulted in utilization of progressively
tewer strains for progressively more detailed experiments, This was
the yesult of continual data analysis during the course of the program,
ytrwinu incapable of detecting narcotics in any form, or incapable of
providing consisteat signals, ox strains incapable of discriminating
controls trom test materials were not gtudied furcher. As mentioned
carlier in the text, all strains were tested ut a minimum of two ages
on at least two different liquid culture media. Elimination of strains
from Lurther astudy, based on the above criteria, resulted in selection
o twelve strains possessing one ox more desirable characteristics, but
ail showing sensitivity and discrimination in narcotics detection.
Analvois of data from the strain selection program resulted in selection
of tour of these strains as supscior. The four selected were the
utunimous, independent cholces of three staff microbiologists, each with
expevicnge in this program,

Additional studics wese conducted with these four strains, utilizing
vodificd and wore detailed methods of screening. These included detection

of fiold or simulated £icld-type narcotics packages, an analysis of

33

-

automatic sampling methods, and testing with several RPC Corporation

prototype detectors,

The modified screening methods used, involved the use of a series

of identical sample containers, each containing either a different form
éf narcotic, a narcotic simulant or interferent, or a control,
Narcotics utilized included: sealed and unsealed bulk heroin (85-87%)
wrapped in plastic and newspaper; loose, 85-87% heroin; 250 glassine
street bags of heroin; a marijuana brick; and marijuana cigarettes,
The simulants, interferents, and controls (listed in Table 5) were |
tested both loose in the sample container and wrapped as the narcotic |

they simulate (using equivalent volumes), Testing with this series of

sample containexrs utilized the laboratory test apparatus for comparisons
between different strains or treatments, and an RPC  Corporation |
prototype detector (Model 70-6) for analysis of a skrains' ability to
discriminate betwesn narcotic and non-narcotic materials, Examples are
shown in TFigure 16,

Additionally, the prototype detectors (Models 70-5,6), which were to
be used for the actual demonstration, were utilized for testing without
the necessity of interpreting a strip chart recording as evidence of
detections. This is possible because of the incorporation of a
programmable alarm circuit. This circuit provides selectable audible
and visual indicators of desired alarm conditions. Once progcammed
for the desired signal or detection condition, only that condition will
yield an alarm. Thus, inexperienced personnel with some training in

sampling technique can interpret detections without recourse to analysis
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. Heroin Marijuana pontrols
Flour Oregano Newspaper
Lactose Alfalfa Empty Container
Sucrose Tea Empty Glassine Bags
Powdered Milk Cigarettes ~ with tape,
Camphor Cigarette Tobacco

TABLE 5. Controls, Narcotic Simulants and

Screening.
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Figure 16, Sample Strip Charts Showing Ability of the Biosensors to Diseriminate Between
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of wiriy chort waveforns, Strip chart recordings were made to provide
a permanent rvecord of testing,

Teating with these wmethods showed that the most consistent, reliable
detections of heroin (in any form) werc made with C-50, a new isolate
from domestically obtained Squid (see also Mutagenesis Sections for a
discuanion of several mutants of C-50). A second choice, better than
ather strainsg but not as good as C-50, was 69N, a Japanese isolate. How-
ever, nefthex culture was useful for detection of marijuana. Both strains
wers: shiown to be capable of yilelding signals with any form of heroin,
while yielding a signal of opposite polarity or no signals at all with
the interferents or controls. Undér some circumstances, (rapid relative
humidity Lluctuations), the controls yielded a very diminished signal of
the wame poloavity as the heroin signal. However, this condition did not
yicld falue posftive alarms, even with the relatively simple alarm
civeults {ntegrated ia the Model 70-6 prototype dcteccor.‘

Autumatic gsampling methods (see Engineering Section) were also tested
bath with the laboratory test apparatus and with the prototype detector.
¢ane latter has bulle-in pulse amplifiexr-controller circuits)., The
rvejeronces probo may sample environmental (laboratoxy) air, or the air
trom a eontrol container, In all cases, the instrument automatically
alternates between the veference and test sources., In most cases,
utrip chart records were wmade, but alarm circuits were utilized as
wwidenee of docections, The tests showed that this method, referencing
apaiust £loux or ghkim milk, is potentially useful in eliminating the .

suall amplicude signals obrtained under conditions of changing relative
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humidity., Use of this method is essentially a differential sampling
method in that no signal is generated, even with narcotics, if both
probes sample the same source; only signal differences between the
sources are processed, thus eliminating relative humidity problems by
constant reference to the source yielding the potential problem signal.
As an additional benefit of using this method, no human timing decision
or manipulation, other than probe to soﬁrce insexrtion, is nceded,
Figure 17 shows a sample of results obtained with this method.

Analysis of signals obtained with automatic reference sampling
provided additional evidence that C-50 and 69N were the optimal strains
for heroin detection, based on all criteria, To test the ability of
these strains to provide reliable detections over long time periods,
studies were conducted to analyze preservation techniques and strain
stability.

Techniques studied included lyophilization (freeze-drying), the
method of choice for most long term storage of microbial cultures. In
this method, a liquid microbial cell suspension is frozen at ~70°C, and
dried and sealed undexr vacuum, Storage of the resultant pellet, con-
tained in a vacuum sealed glass tube, requires no refrigeration ox
special handling. Cultures maintained in the lyophilized state have
been shown to remain viable and stable for physiological characteristics
(such as sensitivity to narcotics) for periods exceeding 10 years.
Reactivation of the pellet may make use of an intermediate liquid
culture medium stage, with subsequent inoculation onto a solid medium,

or the pellet may be directly applied to the solid medium. Use of the
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Pipare 17, Somple Strip Chart Recordings of Automatic Sampling
Seviideart,  In all eases, the reference gas was laboratory air, the
caat? wopeed wag 1 oem, /sce,, and the xecorder sensitivity was 500 mv/div,
e Blosensor utiticed wag a 24 hour €-50, prepared on Squid agar from
e bpeithi,  Wareolics are shown in the left column, and controls and
wiacant o in the right column., Sample time was 5 seconds and the
repetition rate was 25 scconds, The vertical marks below the pen
traces of each chart indicate sample times for one pulse, and phasing
tur the sensor,  Ghe Llour, skim wilk, and lactose controls contained
tie individual controls wrapped to simulate the bulk heroin packages.
Yiar utrest bay contvol contains empty glassine bags, sealed with
plastiv tape to simulate the actual street bags.
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furicer noethod, thoupgh sliphtly wore cumbersome and time consuming,
provides shorter incubation times to attain useful-age biosensors.
towever, bhoth methods proved equivalent in yielding useful biosensors.

Additional preservation methods included: use of refrigerated,
uolid medivm cultures, with and without mineral oill overlay, with and
without the intermediate liquid medium stage; non-refrigerated, non-
overiald golid medfum;  ond refrigerated and non-refrigerated liquid
mod{um srorage,

All nethiods tested proved capable of short term (2 week-6 month)
stovage of the blosensor strailns, The limiting factor was shown to be
the velatively short useful life (without inoculation to fresh medium)
ub the dategmediate 1iquid medium culture, This liquid culture, whether
used au the primary storage method (transferrcd“at 2 week intervals),
ur as un intermediate stage for other methods was limited to a two-week
1t gpan rox use in preparation of biosensors., However, during this
puriod the liquid culture was capable of providing inoculum material for
the prepavation of weliable biosensors, Figure 18 shows a representative
sumple of results,

(=50 wan found to be stable in physiological characteristics when
astorved under a variety of conditions, However, both test data and
a priord reasoning supggest that lyophilization is the method of choice

for long term storage.

(131

. Figure 18. Sample Strip Chart Recordings Showing a Comparison of

Lyophilized and Broth Culture Maintained Biosensors. Charts show the
response of 24 hour, G-50 biosensors prepared from: A, the broth used
for preparation of biosensors for the New York demonstrations; B, a
12 day broth culture maintained at RPC Corporation laboratories ’
without refrigeration; , and G, a biosensor prepared from a lyophilized
pellet inoculated into Lum broth. Chart speed was 1 mm./sec. and
recorder sensitivity was 500 mv/div. All sensors were prepared on
Squid agar from Lum broth, Sample intervals are shown below Chart C.
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FEASTRILITY DEMONSTRATIONS

At 4 contractual requirvement, feaslbility demonstrations were
pilanted, These were to include a demonstration of the ability of the
blolumincacenge concept to rapidly detect various forms of narcotices,
and provide an indication of detection (alarm) without interpretation of
atrip chart recordings., Additionally, narcotic control substan:es and
sizulants were to be gsampled to demonstrate the specificity of the system.
Thcue wothods were successfully utilized at an earlier stage in the
program in a dewonstration at the RPC laboratories for members of
the New York Police Department,

Waued on all avallable data, strain C-50 was selected as the bio-
sunsor for uae in the feasibility demonstration, with strain 69N selected
wu an alternate. Actual preparation for the demonstration commenced one
week ocarlier than the actual demonstration, to allow time for testing
umdder the actual £ield conditions. Although both selected strains have
been shown to be quite stable to all factors, including incubation
envivomament (for bloscensor preparation and testing) verification of this
in New York was desirable,

Thege tests, utilizing the Model 70-6 detector and the methods
degeribed above, were conducted in the Bomb Squad laboratory and in the
duditoriun of thoe New York Police Academy. Biosensor preparation and
cuiture storage was performed in the test personnel's hotel room, Duving
thiv one weok period, all tests conducted yielded results equivalent to
thiouo obtained at RPC Corporation, These tests were witnessed and

vergited in pave, hy New York Police Department personnel,

bé

|t e

In spite of all preparation, technical difficulties with the bilo-
sensor did not permit a demonstration of narcotics detection on the
scheduled date (December 17, 1970) at the Police Academy. All evidence
indicates that the combination of high temperature and low relative
humidity on the day of the test, and higher than ncrmal biosensox
incubation temperature at the hotel on the day preceeding the test
resulted in biosensors incapable of discriminating narcotics from non-
narcotic material. This is indicated by the fact that the bilosensoxs
prepared from the same source, but with proper incubation temperature
were used in a successful demonstration on December 18, 1970 in the
Mayor's Chambers, City Hall, Furthermore, biosensors preparved from
the same source after returning to the RPC Corporatlon laboratorics
proved capable of yielding detections of heroin, and discriminating

narcotic and nonsnarcotic materials. (see Figure 18),
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FORMULAE

(’ Luminous Agar (Lum)

APPENDIX

66

e T

Luminous Broth

Phytone (BBL)
Glycerol

NaCl

CaCoy

Agar (BBL)

H20 (De-~ionized)

(Lum Broth)

Nutrient Broth (BBL)
Glycerol

NaCl

CaC03

Hy0 (De-ionized)

Veal Infusion Agar (VIA)

Thiotone~Yeast

Veal Infusion (BBL)
NaCl

Glycerol

Agar (BBL)

HpO (De-ionized)

Extract Agar (TYE)

Thiotone (BBL)
Yeast Extract (BBL)
Glycerol

CaCOq

NaCl

Agar (BBL)

H,0 {De~ionized)
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Sauid Broth (8Q Hroth) B ' ’ {’ Luminous Agar with Caffeine (Lum-Caf)

Polypeptone (PBL)

2.5 g i Prepare standard Lum Agar and add:
Yeypticase (BBL) 5.0 g
veast Extract (BBL) 0.5 g ‘ 1.0 ml of 5.0 g/L
nacl 15 ¢ caffeine.
KoHPO, 1.25 g
Squid Extract 12.5 ml
Glycerol ‘ 2,5 ml
H,0 (pe-ionized) 500 ml ‘ ‘
(for Squid Agar, add Agar 10 g) Luminous-Blood Agar {(Lum-Blood)

S

| Prepare standard Lum Agar and add:

6.25 m1/500 ml packed
blood cells.

Tum Apar + Hevoin (Lum + H)

ey g -

Prepare Lum Agar and add 1% w/v Heroin aseptically
after sterilization,

Cooked Meat Agar

© e i A B 8

1o Avar o+ Marifuana Bxtract (Lum + MJ) @ , gogllted Meat Phytone (BBL) $255 g
: | Glyce?ol ) : 1.25 ml
; . : . BBL) - : 5.75
Phytone (BEL) - 4.0 g r Agar oo - 128
Glycerol 2.5 ml i H,0 (De-ionized) 250 ml
hacl 15.0 g i
Ga0y 1.5 g ‘ L
Apar” (BBL) 11.5 ¢ i
HgQ (De=lonized) 150 ml ' , .
Marijuana Extract 100 ml § Dimethyl Sulfoxide Agar (DMSO)
?
f Prepare standard Squid Agar and add:
f :
sarijuana Bxeraet : i , DMSO (0.5, 1.0, or 1.5%)
Mord juana _ 25 g ’
HaQ (De-ionized) 500 ml

NZABT

g 7
AR

e Pt o

et e o e

¢old extract: allow to sit 24 hours, filter through
Whatman #1 paper.
hot oxtract: boil to % volume, filter as above. Prepare standaxrd Lum Agar, substituting for Phytone:
N-Z-Amine Type BT (Sheffield)
8.0 g/L

@
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Prepare standard Lum Agar, substituting for Phytone:

Ferm Amine Type IV,
(Sheffield) 8.0 g/L

Chemical Mutapen Stoek Solutions (Prepared in 3% Saline)

S~Bromouracil - 500 mg/ml, diluted 1:10 for use.
2-Aminopurine - 5000 ug/ml, diluted 1:10 for use.

Acridine Orange - 50 ug/ml, diluted 1:10 for use.

Nitrosoguanidine - add one cxrystal per 4.5 ml cell suspension.
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GLOSSARY

BACKGROUND - the normal gaseous environment.

BLOSENSOR - collectively, a mature colony of a microbial strain
and its growth medium.

BIOSENSOR AGE - the time elapsed from inoculation of a biosensor.

BROTH - a liquid nutrient formulation used for the cultivation of
microoxrganisms.,

CHART SPEED - the time interval between points on a strip chart
recording,

COLONY - a mass of microbial cells, visible to the naked eye, and of
common origin; commonly a discrete mass on the surface of
solid culture medium.

CULTURE - a group of microbial cells of the same strain.

DRUG DEPENDENCE -~ the condition where a physiological trait is dependent
on the presence of a drug in the culture medium.

EFFLUENT - vapors or gases from a given source.

FLOWMETER - a device for measuring and adjusting flow.

GAIN = degree of amplification.

GAS SAMPLING SYSTEM - collectively, all components of a detector which
come in contact with the sampled gas including
sample probe, exposure chambexr, flowmeter, pump,

and connecting tubing.

INCUBATION - storage of microorganisms at the optimum temperature and
humidity for reproduction and growth.

INDUCTION =~ in reference to enzyme production, the process of selectively

stimulating production or activation «if an enzyme.
INOCULATE (INOCULATION) - the process of initiating microbial growth in
a suitable medium by transferring a small
quantity of live cells,

INOCULATION GEOMETRY - the gross configuration of inoculated area on
the biosensor plate or petri dish.

INOCULUM ~ a small quantity of living culture material or cells used
for inoculation.

72

INOCULUM AGE - the age of the material, ox inoculuﬁ, used for preparation
of a biosensor,

INTENSITY - level of light emission.

ISOLATION - the process of obtaining microorganisms from a source in
nature,

LYOPHILIZATION (FREEZE-DRYING) =~ the process of preserving microorganisms
by drying frozen culture material under
vacuum,

MUTAGEN - a chemical oxr physical agent capable of causing mutations,

MUTAGENESIS ~ the process of inducing mutations,

MUTANT - an organism or culture which, due to spontaneous or induced

mutation, differs from the parent culture in one or more

heritable characteristics; the result of mutagenesis.

NOISE - normal small amplitude, random fluctuations in a signal,
generated by the biosensor itself or the electronic circuits.

NUTRIENT AGAR - a solid, gelatinous substrate, containing appropriate
nutrients used for the culture of microorganisms.

PELLET - lyophilized culture material.

PETRI DISH - a standard culture contziner filled with nutrient agar
used for growth of microorganisms.

PHOTOCHEMICAL SENSOR UNIT (PSU) - refers collectively to the exposure
chamber, sample inlet and exhaust
ports, biosensor holder, photocell,
and (in some cases) integral pre-
amplifier.

PHOTOSENSOR - a transducer for convertlng light intensity signals into
electrical signals.

QUIET BACKGROUND - a background with low noise level; the condition
where the normal gaseous environment fdoes not result
in excessive noise levels,

RATE - change in signal value in time.

SCREENING - the process of comparing biosensor response to a given
parameter,
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SENSITIVITY - the characteristic of responding, in a definable manner,
on exposure to an effluent,

SHOOTING GALLERY - a location favored by addicts for injection of
heroin,

SIGNAL ~ the characteristic electronic information resulting from
exposure of a biosensor to an effluent.

SIGNAL CONDITIONER - an electronic circuit or circuits used to process,
convert, and amplify signals.

SPECIFICITY - refers to the ability of a biosensor, or detector, to
react to certain effluents while reacting differently,
or not at all, to other effluents, related or unrelated.

STRAIN - a laboratory culture of a microbial species, with distinct
physiological or morphological characteristics,

STRAIN SELECTION - the systematic application of various mutagenic
and/or physiological techniques to a strain of
microorganisms, aimed at developing or enhancing
pre-existing characteristics such as sensitivity
to narcotics.

TRANSDUCER ~- a device for conversion of one form of energy to another.
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