- 0
%}g %%m , ? ‘{Xg Enclosure to 5-2510-HOU-2-1606

: ~dated August ‘13, 1976

Several Methods for Concentrating Bacteria in Fluid Samples

Prepared by:

RICHARD R. THOMAS
The Boeing Company
P. 0. Box 58747
Houston, TX 77058

Approved by:

ROBERT H. NUSS
The Boeing Company
P. 0. Box 58747
Houston, TX 77058

Quarterly Report for Period April - June 1976

Prepared for
Goddard Space Flight Center
Greenbelt, MD 20771

;’ (NASA-CR-144830) SEVERAL METHODS FOR N77-14730 -
i CONCENTRATING BACTERIA IN FLUID SAMPLES f
, Quarterly Report, Apr. - Jun. 1976 (Boeing *
i Co., Houston; Tex.) 52 p HC AO4/MF AO1 Unclas

+

CSCL 06C 63/51 58837



1. Report No.
3

2. Government Accession No.

3. Recipient’s Catalog No.

4. Title and Subtitle

in Fluid Samples

Several Methods for Concentrating Bacteria

5. Report Date

&, Performing Organization Code

7. Author(s}
Richard R.

Thomas

8. Performing Orgontzation Report No.

r.0O.
Houston, TX

%. Performing Organization Nome and Address
The Boeing Company
Box 58747

77058

10. Work Unit Neo.

11. Contrect or Grant Ne.
NAS 5=22545

NASA/GSFC

12. Sponsoring Agency Nome and Address

Grace Lee Picciolo, Code 726
Greenbelt, MD

20771

13. Type of Report ond Pertod Covered

Ir - April 1 -
June 30, 1976

14, Sponsoring Agency Code

15. Supplementary Notes

16. Abstract

of activity.
period.

microorganisms 1s necessary.

The sensitivities of the firefly luciferase - ATP flow system
and luminol flow system have been established as 3 x 105 E. coli
per milliliter and 1 x 104 E. coli pexr milliliter respectively.
In order to achieve the detection limit of 1000 bacteria per
mrlliliter previously established, a method of concentrating

A Sartorius Membranfilter system
is currently being investigated for concentrating bacteria.
Catalase in 50% ethanol has been found to be a stable luminol
standard and can be used up to 24 hours with only a 10% loss

The luminol reagent is alsc stable over a 24 hour
A method of preparing relatively inexpensive luciferase
from dessicated firefly tails has been developed.

17. Key Words {(Selected by Avthor(s))

catalase

Bacteria concentration, firefly
luciferase preparation, luminol,

18 Distribution Statement

19. Secunty Classif. {of this report)

UNCLASSIFIED

20 Seccurity Closstf. {of this page)

UNCLASSIFIED

21, No of Pages |22, Price

*For sele by the National Technical Information Service, Sprmgfield, Vieginia 22151,




INTRODUCTION

Quarterly Report #2 summarized the final optimal conditions for the
firefly luciferase - ATP and luminol flow systems for detecting
bacteria in wastewater effluent. The sensitivities of the ATP

system and luminol system have been established as 3 x 109 bacteria
per milliliter and 1 x 102 bacteria per milliliter respectively.

In order to achieve the detection lamit of 1000 bacteria per milli-
liter previously established, a method of concentrating microorganisms
is necessary. Several techniques and apparatus have been studied
with limited success. The Sartoriusg Membranfilter is currently

being investigated for concentrating bacteria.

It is necessary that a standard be routinely used to check the
activity of the luminol reagent for the luminol flow system. An
aqueous catalase standard has previously been used; however, the
solution is not very stable. Catalase in 50% ethanol is a stable
Juminel standard and can be used up to 24 hours with only a 10%
loss of activity. The lumainol reagent is alsoc stable for 24 hours.

Experiments indicate that oxidized cytochrome-C is the species
which reacts with lumincl. Catalase,another luminol reactive
porphyrin 1s also known to contain iron in the oxidized state.
Since inorganic compounds react with luminol when they are in
the reduced state (Fe2t, Cl™ ), a different reaction mechanism
may be operating in the case of the oxidized iron porphyrins.

A method of preparing relatively inexpensive luciferase from
dessicated firefly tails has been developed. This procedure
results in an enzyme suitable for use with the firefly luciferase
- ATP flow with about the same activity as the commercially avail-
able DuPont enzyme at one-tenth the cost.



I. Concentration of Bacteria Sample

The Sartorius Membranfilter described in Appendix A is currently
being evaluated on its efficiency for concentrating a bacterial
sample., The principle of the Sartorius uwltrafiltration system
is that of "tangential flow". Tangential flow should prevent
bacteria as well as other particles from clogging and sticking
to the filter surface by sweeping them across the filtexr surface.

The Sartorius Membranfilter has bsen tested in several configura-
tions to determine the optimal operating conditions. 0.2 ju Nu-
clecpore poly-carbonate filters have been used for most of these
studies. Figure 1 is a schematic diagram of the recommended set-
up for the Sartorius filtration system with tangential flow.
Figure 2 is a simple straight through filiration system which
requires a backwash step to remove the bacteria. Figure 3 illus-
trates the use of the tangential flow principle with a subsequent
backwash step for removing the bacteria.
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FIGURS 1. Schematic of Sartorius Membranfilter system using tangential

Flow, .
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Schematic of Sartorius Membranfilter system usingléangential
flow and backwash. System is diagrammed in concentrating
node; valves should be reversed for hackvashing provided

by a tap source of sterile, deionized water.



The Sartorius Membranfilter system used as recommended with
tangential flow has not proved to be an acceptable method of
concentration. With each pass of the retentate over the filter
surface bacteria are trapped and lost. While the bacteria may
not be attached very tightly to the filter surface they never-
theless can not be retrieved and collected in the retentate as
suggested by the manufacturer. 0.1% rhozyme and 0.001% Triton
X~100 used as aids to prevent bacteria from sticking have proven
unsuccessful.

The Sartorius Membranfilter has been used as a straight through
filter with subsequent backwashing with limited success. A
bacteria sample is simply pushed through the £ilter with 10 psi
pressure to collect the bacteria on the poly-carbonate filter.
The filter is then backwashed with portions of water to remove
the bacteria f£rom the falter surface. 60% recovery has been
achieved with a 10 fold increase in concentration using 0.001%
Triton %-100.

The third method for using the Sartorius Membranfilter system
involves a combination of the ahove two procedures. The bacteria
are "gently" concentrated on the filter using the tangential flow
principle and once concentrated removed by backwashing. Bre-
liminary results indicate that up to 90% recovery can be achieved
with a 10 fold concentration using this method with 0.1% rhozyme
or 0.,001% Triten X-100.

Future woxrk with filtration will include further development of
the Sartorius Membranfilter system with the combination tangential
flow and backwash operations. While 90% recovery 1s acceptable
the consistency of those results must be proven. Improvements

in concentration factor are also necessary. The ultimate goal

of the system is to achieve 100% recovery with 1000 fold concen-
tration,



II. Stable catalase standard for luminol reaction.

The catalase standard previously used for measuring the activity
of the luminol reagent mixture consisted of freshly prepared
catalase in deionaized water. It has since been found that the
catalase standard is not wvery stable once prepared and could

lose as much as 50% activity within a 2 hour period. Some sta-
bilization of the catalase standard can be achieved by addition
of ethanoll/to the agueous golution. 50% ethanol appears to be
the optimal concentration for stabilization of the catalase stan-
dard with good luminol reactivity. Table 1 summarizes the results
of the stability experiments.

TABLE 1. Paercent loss of catalase activity after 19 hours.

A

1 x 107°M catalase in

H20 50% ethanol 100% ethanol
43% 10% 8%

As a result of this increased stability of catalase, the catalase
standard in 50% ethanol should be reliable for up to 24 hours after
preparation. It has also been found that the luminol reagent mix-
ture is stable for over 24 hours and need only to be prepared once
a day.

1/ J. E. Falk, Porphyrins and Metalloporphyrins, Elsevier
Publishing Co., New York, 1964, p. 19.




IIT. Valence state of luminol reactants.

It was previously believed that the porphyrin reactants in the
luminol reaction were in the {(IX) valence state. Recent studies
with cytochrome-C indicate this hypothesis may be incorrect.
Samples of cytochrome-C have been reduced with ascorbirc acid
with a corresponding reduction of signal from Iluminol indicating
the reactive species 1s probably in the (III) state. Catalase,
another lumincl reactive porphyrin is known to contain iron in
the IXI state. If it is true that inorganic iron in the (II)
state is the luminol reactive form, then a different mechanism
may be operating in the case of iron porphyring (III).



Iv. Luciferase Preparation.

DuPont purified luciferin~luciferase has been utilized in the
firefly luciferase-ATP flow system. In an attempt to defray
operating expenses a less expensive supply of luciferase was
sought. Iuciferase has heen extracted from dessicated firefly
lanterns. With appropriate purification steps and addition of
synthetic luciferin the resulting enzyme costs only one~tenth
that of DuPont with better activity.

The procedure used by Margaret A. McGarry and Emmett W. Chappelle
for obtaining highly purified, less expensive luciferase involves
preparation from dessicated firefly tails as outlined below:

A. Preparation of acetone powder
1. @Graind farefly lanterns (Sigma Chemical Company, Worthington,
Calbiochem ~ $20 per gram) and small amount of sand with
moxrtar and pestle, keeping the mixture cold with liquid

nitrogen or acetone-dry ice mixture.

2. Add cold acetone (4°C) {at least 100 ml per 5 grams of
tails) and wait 10 minutes to dissolve lipads.

3. PFilter sclution through a Buchner funnel and wash with
cold acetone.

4. The powder should be completely dried and stored at -20°C.
B. Preparation of crude luciferase-luciferin extract
1. 244 10 ml cold 0.05M Tris, pH 7.75 with 1 x 1073M Clelands
reagent per gram of acetone powder. Mix gently at 10°C

for 30 minutes.

2. Centrifuge the sclution at 10,000 RCFXG for 10 minutes
and collect the supernate, discard precipitate.

C. Luciferase purification

1. Bring above supernate to 30% (NH4)2SO4 at room temperature
and discard precipate.

2. Then, bring solution to 70% (NH4)2SO4 and collect preci-
pitate-luciferase.



3.

Wash precipitate in 70% (NH4)2SO4 pH 7.75.

Dissolve washed pellet in Tris buffer: 0.05M, pH 7.75,
1 x 10-3M Clelands' reagent, 1 x 10"2M MgSO4 (minimum
volume 2.5 ml per gram acetone powder). Centrifuge to
clarify. Apply enzyme to Sephadex G-200 column and
elute with same Tris buffer. Assay fractions by mixing
small portion 1:1 with Iunciferin in Trais buffer.

Pool fractions with high activity and low inherent light.
{1 gram acetone powder should produce abtut 20 ml enzyme
with activity egqual to DuPont product). Dilute pool with
Tris buffer to desired activity level. Add 0.1 mg luci-
ferin per mli diluted fraction pool. Aliquot and lyophilize
enzyme. Store dessicated at -20°C.

Rehydrate in H20 for 0.05M Trais pH 7.75 or 0.20M Tris pH 8.2
for 0.25M Tris pH 8.2.



V. 2ASM and AWWA Presentations.

In December, 1975, a paper entitled "Chemiluminescent vs.
Bioluminescent Methods for Detection of Bacteria in Wastewater
Effluent” was presented at the 1975 Water Quality Technology
Conference Workshop. The topics covered in the workshop in-
cluded New Technigques in Microbiological Instrumentation,

A copy of the presentation can be found in Appendix B. Another
paper was presented at the American Society for Microbiology
Convention in May 1976. This paper can be found in Appendix C.
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APPENDIX A

B e LR . -

Ultrafiltration System -
Efficient ultrafiltrahon of high molecular weight substances
such as proteins, enzymes, and wiruses has been extremely -
difficul; manly becavs2 these substances effectively block
the pores of an ultrafilter by forming a film of increasing
thickness on the filter surface. .

The use of laborarory shakers, vibrators and mégnehc ..
stirrers has up to now provided relief to a hmitad degree- -

by agitatag the protems away from the filter surface.

These traditional mathods have now become obsolete with " -

the wntrcduchion of a “tangential ﬂow prmcup!e suggested -

= Ultraﬁhrat]‘on Apparatus - - .-

Cat No.SM 16525 _—
Technicaldata -

. Plates mads of polycarbonate. Bassand .

3 cover plateas wall as the
- sl . locking bolts and nuts

s . AT ere made of stainless stesal
Size of fillars 160X 160 mm

” - Filtratfon area 170 cm*perplate

Moax, filtralion area . 2550 em? using all 15 plates

Rax. preszure forthe -

by Strohmaer in 1554 - - tet T .:'.:v" =  ultrafiltration apparatus - ~. 10 bar (140 psi)
" *Tangental flow" prevents blac:'-f:ng of the pores by sweep- Connection = connecting nipple with se-
ing the residues off the filter surface and tnus opens tne e »r.sp - curingnut for tubing of
wray to efficient ara economical concentration, separation -7 - - T 4mmiD:6 mm OD ..
?andep::agiz;tt;o‘; [ofmhgh molecular wewght substances, for Weight K ' 77kg . .
umes ‘ .
9 ) - Dimensions . 190X 190 140 mm
The naw Sartorws uitrafiltration system s based on Stroh- . N
- How" . .
maier's “tangential flow” principle > Prezsure vahe mada cf stanleas steel, membrane
:;Iis autoc!avab‘e; with f:l:erszm‘:glm z:nd can be ?st?g wnti; ) made of neoprene
a a. ! ¥ H - -
tration aress 0 170 6m 1o 2350 e, in steps o em Max. permisaible pressure ~ 4 bar (G0 psi)
s A D T c e e s Adjusted pressure . . . - RSN
C e - LT R on delivery ~. 2 bar (20 psi} (for mam-
T S Afeaene s s e s . - - -~  -_ . branepumpSM 16398

P

Description

Th2 Sartonus uitrabltration system consists of the follow-
tng parls.

Cat Ne SM 16523 vliraithiration cell and pressure valve
Cat. No Sh 18856 mamoran2 pump, 220V, or
Cat. No SM 153 15 membrane purmp, 113V,

ORIGINAL PAGE IS »*
OF POOR QUALITY

-~ * orSM16215)

L -

Any number of the hltar-supporting plates of the vltra-
filtration c&ll, up to the maxwmum of 15, can be used for
a parhicular expenmert. Each piate is separated by an ul-
trafilter. The plates have V-shapad grooves 07 mm wide
running parallal to each other, which ensures a completely
even flow over the flter. The hquid to be concentratad 1s
first pumped into the distributing channel of the inlet plate.
From there it flows into the grooves and across the mem-
brane into the colleciing channel and 1 then fed back into
the storage contamner. The ultrafiltrate which has passed
through the memorane flows through the channal on the
outlet plate into the recaiver vessel.

The number of plates chosen depends on the volume of ~

the liguid to be hltered

Flow during the fltraton of high molzcular substances
using the ultrafdtration system

mambrana pump

Y

K i
hh-| ! l':
["u i ii
f

i
It t" :'. ¥’

Y,
di E'h T
ultrafltrationjapparatus

1

I f
Y d pressure valve
[ - N

concentrate vltrahlirate




7 Mémb;an:é. Pum p -

" Max. permissible pressure
T VWeaight -,

APPENPIX A {cont'd)

CaLNo SM 165 95 and SM 16915
Tachnical dat:l fel -'_ o2

M:mbranu - . - : -
Output (water}. . 4n

~. 2bar (30 par) .
.48kg -. | 1L

Dinensions .

Cat. No SM 183 15 luna voltage 110 V, B0 Hz

The membrane pump SM 168 95 18 designad specially for
the Sartonus ult-afiitration apparatus. The output of
500 mljmirr 15 sufficient for the tangentral flow over the
membrane, A pressure of 2 bar builds up whan the mem- -
brane pump 15 bsed n combination with the pressure
valve The suction head of the membrane pump can be
taken off and is autoclavable

When concentrating solubions with a high solid content or
when two ore more ultrabitrahon apparatuses are con-
nected parsllel to each other the output must be increased
{05 to 08 Ifmun per instrument).

200X200X160 mm .,

T ae

Application

T
- - -

The Sartorius ultrafiltraticn system is surtable for the con-
centration and separation of colimds and biopolymene
substances such as protens, viruses and enzymes in phars
macy, rmcroology, medicine and biochemistry; further-
more for other polymenc substances, with due regard to
the chemical resistance of the polycarbonate,

The istrumeant has also been used successfully for the
vlta cleaning of tnase substances by dialysis. X

e e o - - - - R

Stanlization o .

The complete systemf with ultrafilters SM 121 33, 34 or 36
1 position, can be avtoclavad, together with the removable
suction head of the membrang pump {the remainder of tha
membrane pump 1S not avioclavable} Thus all pans of the
system which come 1n contact with the solution may be
sterihred. ’

Connaction- . :_’ . Connecting nipples (ou'der. .

- __.‘.; e *L . wath securing au) for tub- ) .
R~ S = Ing of 4 mm ID, 6 mm OD 7
CaL No. SM 183 95 Line voltage 220 V, 50 Hx -

PRy

Precedure Fill the entire system with
e . distilled water prior to auv-
° toclaving
Antotlave hme A5 min oo
Autoclave temperature j21eC i
Autoclave preszure 1 bar (15 psi}

{l
]
3

o..(
L
»

.

o
{/

,
'f ( 1 wrAee
[
v
I
J'\".‘

I
¥
ey
i
Al
et

¥
H

.
1t
#5

A higher flow rate (proportional to the pressure difference}
can be achieved by evacuaung the raceiver vessal Use of
the laboratory pump Cat No. SM 165 12 15 recommended

Tubing
Cat. No 5M 166 52

PYC {Standard) 4 min ID, § mm QD, 2 m leng, not auto-
clavable

Cat No SM 16654
Polyamide (optonal) 4 mm 1D, 6 mm 0D, 2 m long, auto-
clavable »

The ultrafiltralion apparatus, without filters, can also be
sterilized with steem Tha filters must then be stenlized
chemically by immersing tham in a8 3 %, formzhin solunon,

For molecular waight cut-off of Sarteriys uitrafiltars see
Filter Catalog S 200.
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AYPPENDIX B

ABSTRACT

Chemiluminescent vs. Bioluminescent Methods foz Detection
of Bacteria in Wastewater Effluent
' !
To be presented at the 1975 Water Quality Technology Lonference
« Workshop - New Technigques in Microbiological Instrum=ntation, .by
Grace Lee Picciolo, Emmett W. Chappelle, Richard R. Thomas.
A chemiluminescent system and bioluminescent system &re presently
under development for the rapid detection of bacreriz in water samples.
The chemiluminescent system involves the veaction besiwsen luminol
{S5-amino-2, 3-dihydro-l, 4 phthalazinedione) and bacterial porphyrins
while the bioluminescent system is a result of the rezction between
firefly luciferase and ATP. By measuring the amount of light emitted
from either reaction the bacterial concentration can bhe determinead.
Both systems display good linearity and a sensitivity limat of appro-
ximately 105 E. coli ver milliliter of seeded wastswatar. The bio-
luminescent system is a more specific reaction, hovewer, the higher
" cost of reagents limit its use to discreet sampling. The lower cost
-of reagents for the chemiluminescent system make thzal assay more
suited for continuous monitoring of bacteria levels in wastevater.
““The combination of both systems in one package allows for continuous
monitoring of bacteria levels in wastewater with prowvisions for
- periodic back-up tests specific for bacteria. -



CHEMILUMINESCENT VS. BIOLUMINESCEMNT METHODS FOR

DETECTION OF BACTERIA IN WATER SAMNPLES

. INTRODUCTION

Two rapid methods for the detection of total bacteria in water

samples are being developed by thes laboratory at Goddard, Greenbelt,

~wMaryland. Both methods employ the principle of luminescence. There

are three primary sources of light: thermal, chemical, and blological

(slide 1). Thermal light is the result of radiation eﬁi;ted’from

* molecules which have been excited by high temperatures. Chemilumines-

=g . - -

cence, commonly called cold light, is light emitted from molecules

< -
2 -

- -
which have been excited by a chemical reaction and bioluminescence
Tis merely chemiluminescence which is taking place in a biological

system.

. . Iuminescence under controlled conditions can be used-as an

4 - -

analytical tool (slide 2). The characteristics of a luminescent

i

system include the relative ease of light measurements through

appropriate instrumentation, the potential for automation and

flexibility - there exist a number of reactions providing a variety

of assays. The most important Zeature of a luminescent system is

Fhat it provides immediate results. " The systems are sensitive,
- »specific (within certain limitations) and reproducible.
A chemiluninescent system and bioluminescent system have been

developed for the rapid detection of bacteria in vater samples. The

watcr sarples we have hizn concernad with are vastounter effluent

ORIGINAL PAGE IS
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samples however 'this system should be able to be used for potable )

water as well. The chemiluminescent system involves the reaction

between luminol and bacterial porphyrins while the bicluminescent

system is a result of the reaction between firefly luciferase and

'

ATP. By measuring the amount of light emitted from eilher reaction

determined (slide 3}. -

the bacterial concentration can be

.—.Bioluminescence is light production by liwving organisms._“Thls

is the phenomenon where the exitation of the light emiftter to the

~

excited state is mediated by an enzyme. This is seen in many mermbers

- . - . - PR -

=

.. of the plant and animal kingdoms with pfactically every group of

LI ~

* lower organisms containing some members that have the ability to

~ -

,-pro&uce light. The most common organism which displays this pheno-

-menon is the firefly (slide 4). .. -;: _‘-' coe T o
3 . = - ¥ + - p

— - P—

- -
- et Y -
A - - -

ATP {(slide 5)-i5 a biochemical ccmpoﬁnd that is mmique to all

Jiving brganisms, its purpose in the cell to store ensrgy for use

in all other cellular reactions. By making use of thz light pro--
ducing substances from firefliés, which are commerciaXly available

from many companies, a sensitive assay for ATP can ke developed
M ~

(slide 6). Under ideal reaction conditions, the amoumt of light

emitted from the reaction is proportional to the amomrt of ATP.

-~

If the amount of ATP per cell is known, then the numbsr of cells

-

present can bs determined from the light emitted.

. The ﬁrocedure for any ATP assay is relatively simple and gquick.

Apyrase 1s added to tne bacterial sample. This apyvrase destrovs any

non bacterial ATP vhich might interfaore with the veswlis. i(litrie

ORIGINAL PAGE IS
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acid. is then added to the sample to break open the bacterial cells

and at the same time release the ATP for subsequent assay. The

i

solution is then diluted in half with distilled water and the pre-~

pared gample is then injected inte luciferase (firefly extract).

Total time for sample preparaticon - 20 minutes.

Slide 7 shows the rate of the reaction when ATP is injected
.into the Juciferase. The height of the curve is progortional to

" the amount of ATP in the sample. Slide 8 is a graph showing the

relationship between the amount of purified ATP injected into the

1

systeﬁ and the corresponding'lighé emissi&n. Sliae 8 shows aétﬁai
bacterial sarples with the amount of-light rroduced fréﬁ each. -
Measuréme;ts vere made using three diﬁferent light éeasuring in-
-struments.

‘ fsiﬁce the amount of ATP is fairly con§tant per =21l for many
species of Sacteria {slide 10;, the light-emitted frém a sample

should represeht the total number of bacteria. 8lids 11 showus ho;
the light response varies-with E. coli concentfaticn in wastewater
éffluent. The curve is linear'over 2 wide range of bacteria con-

centrations with a limit sensitivity of 5 x 10° bactariza/ml. Note

the luminol curve, the system which I will now describe.

Luminol
. The principlé of the luminol chemiluminesceancve method for
N -
detecting bacteria is based on the reaction sacitm in slide 13d.
Ircens porphyrins (comglex moleculess with an rrc: crouz) fron

ORIGINAL PAGE IS
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bacteria act as a “catalyst” for the reaction of luminol and
Peroxide (later perborate) in the presence of sodinmm hydroxide.
When all the reagents are present in excess, the 2mount of light
emitted from the reactlon(amax. 425 pm) 1is proportional to the‘
concentration of bacterial porphyrins. This number can then be
related to the number of bacteria present in the sample. ' :

H

~-The procedure for the luminol -system is very gquick and simple.

The bacterial sample is directly pumped into an area where the

luminol solution 1s mixed and then through a coiled glass tube .

which is adjacent to a photomultiplier tube.(Elide 1§). The
slide shows the luminol response to various concentrations of E. coli

in wastewater effluent.

- JInstrumentation

Several photometers are commercially avallable with various

price ranges (slide 12). The Aminco Chem-Glow Photometer is used

in many of the studies in our lab. Slide 1% shows the photometer

with an automatic injection system which has been used for the
bioluminescent assay. Aalso pictured is the optional integrator-
which indicates the total light response from the system.
" For the luminol work, a Buchler peristaltic pump was.employed
" for the circulation of the sample and reagents. Shown is the
:

flow head which allows for the light measurement for the flou

system (slide 14}.



Discussion

. Two luminescent systems have been presented for the rapid

*

detection of bacteria in wastewater samples - the luminol chemi-

luminescent assay and the ATP luciferase assay. The characteristics

- Fl . -

of the ATP assay are: N .

LY

" 1) specificity - the system is specific for ATP, ths light

s-tresponse represents the total number of bacteria present

LS

in the sample;

v
+ I
Tt gy “__I'J_ ’J:

gt

sengitivity — the sensitivity limit is on the ezfer of 1 x 10

3 o

LTI 1 XY

bacteria per ml. The. sensitivity can of course be improved

. c - ) .
- by methods of concentration which I will explain in a minute;

"% 3) - the assay is rapid; :

N .

- -

.4} and has the potential for autoﬁation;

-+ B) the system produces relizble and reproducible results.

. Tha characteristics of the luminol system are similar except
for #1 - specificity. In addition to iron porphyrins catalyzing

the reaction, metallic ions can also produce a lumincl response.

Th

(]

levels of ircn in the water of course determine the magnitude

of the problem.

Sensitivity
o Let me go back to the matter of sensitavity. T sensitivity

must necessarily be improved to detect the louver levsls of bacteria

found in potzble water. Sensitivity can be improvel by concentrating

the nutber ol kacteria in the sarple. Two methods cmn bz used:

ORIGINAL PAGE 48
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1) centrifugation and 2) filtration. Centrifugation has been used

with success however this method elinminates much of the potential

for an automated system. Filtration is the alternative. to centri-
fugation. A potential problem exists in the fact that once bacté?ia
are zbsorbed on to a filter, it is difficult to quantitatively remove
them. A technique has been developed in which the acgive factor

.for .each system can be selectively extracted, in the case of ATP,

—_— - L4 b

" nitric acid will break open the cells on the filter and release

- ~ -

the ATP. Sodium hydrdkide and ethanol mixture will release the

porphyrin for the luminel xeaction. In each case the filtrate is

assayed.

- Another very real probleh with filtraticn, espeéially in trying

;ﬂ,to filter wastewater effluent, involves the actual physical problem

- of trying to filter this ligquid since it can contaip much particulate

*r matter. This may or may not be a problem for potable water.

Depending on the use of the assay there may be some draubacks
in the area of cost. The luciferase -~ ATP assay cosis approximately
. 36.60 per injection. This wost likely will limit the use of the assay

if a continuous monitoring of bacteria is nesded. IE discreet

o

periodic sampling is desired, the ATP systen is qguite adequate.
The chemiluminescent system on the other hand costs less than one

cent per assay. In this case cost should not restrict the continuous

- > Lo

menitoring of bacteria levels.

-

Ve propcse that the wost efficient rapid bacteria deleoction

system would incorxporate both the cheniluminescent and the bio-



Juminescent systems. The chemiluminescent system would permit
continuous monitoring of bacterial levels. A high light response

from the luminol system would indicate the possihility of dangerous

Ly k)
a

bacteria levels. The bioluminescent system would then be cdlled
3 i R

upon to verify—the presence of high levels of bacteria,

. A very real potential exists for a system such as this. If

s

~-indeed there 1s a real need for such a system in the realm of

] v . - !

) potable water such a system can and should be developed.
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APPENDIX C

Presented ab the American Society for Microbiology Convention,

Atlantic City, New Jersey - May 1976

‘Chemiiuminescent vs. Bioluminescent ¥=thods for |
:Detection of Bacteria in Wastewaber Z&fluent. }
e — R, R. THOWAS, o-—3—D22ENG;, D, A, IIZLEY, R. i
; TAYLOR. Boeinz Co., Houston, Tx., Habnemann Xzd. Col. &
jHosp., Philadelphia, Pa., NASA Johnson Space riight Ctr., :
jﬂouston, Tx. ‘

LETT L R P

A chmiluminescent system and a biolumineszsznt system
are presently under development Tor the »apif detection
of bacteria in wabter samples. The chemilumirescent
system involves the reaction between lumiroel (S-amino-2,
y 3-dihydro-1,h phthalazinedione) and bacterial porphyrins
y while the bioluwivescent system is a result of the reac-
; tion bebween Tirefly Iluciferase and adenosine triphos-

i phate (ATP). By measuring the amount of light emitted
from either reacticn the hacterial concentration can be
determined. Both systems display goog} linearity and a

1 gensitivity limit of approximately 10° E. coli per milli-

h b

liter of seeded wastewzver. Improvemen?":fn the funchion-
al sensitivity can bs made by processing the sample by
concentration, i.e., centrifugavion or filztrszsiocn. In
waste water effluent, this may be difficuls due to the
presence of particulates. The Iuciferase ATP assay when
corbined with an ATPase for extra-bacterial AP hydro-
lysis is a specific reaction. The lower cost of reagents
for the chemiluminescent system make that asszy suited

| for continuous monitoring of bacterial lsvels. Comple-
mentary use of both systems allows for ceonulrmous luminol
monitering of wastewater with pericdic back-up luciferase

ldests specific for bacteria. . . - -

»

I

‘1.

ORIGINAL PAGE IS
DE POOR QUALITY



CHEMIT/ROINESCENT VS. BIOLUMINESCENT METHODS FOR DETECTION OF

BACTERTA TN WASTEWATER EFFLUENT

Automated chemiluminescent and bioluminescent systems are
under devélqpment for the rapid detection of bacteria in water
'saméles. -Fhile these systems were originally developed for the

.-purpose of contincusly monitoring micrchbial levels in waste-

water efflnent {in conjunction with the Johnson Space Center

- Water Monitoring System) these systems should easily be adapt-
. ..able to most any fluid sample including drinking drinking
" ‘water, etbe.

- The chemiluminescent system used for monitoring microbial

levels involves the‘reaction betyeen Iuminel (5-amino-2,3 dihydro-
'-;,h phthalazinedione)‘and bacterial porphyrins. The biolumin-
escent systemzwhich has already been described is a resuld éf
the reaction between firefly luciferase and. adenosine {riphos-
‘phate (ATP). B§ measuring the amount of light emitted from
either reaction fthe baéterial concentration can be determined.
The p;incible othhe Juminol chemiliuvminescence method fox
detecting bacteria is based on the reaction‘shown in Figure 1.
In this method, a base such as sodium hydroxide, hydrogen peroxide,
and a luminel stimulating factor are reguired for a luminesent
response. A number of compounds produce a luminescent respounse:
ferricyanide and hypochlorite or a number of chelated transition
metals such as ferrous and cobaltousions with hydrogen peroxigde.
In the case of the luminol bacteria detecting'system the mosi
important cqmpounds are probably iron c:;iaining porphyrins

such as catalase, When all the necessary luminol reagents are



LR

. prese"ﬂ: in excess, the amount of ngnt e:uu'bed from the lum:mol

reaction ( ,‘m:has nm) is proportlonaZ‘L to the coz{ceéltratlon of
porphyrins present. If only bacterlal Iron porphyrins are belng
measured, the _‘t.:'Lght~ response can then be relate@ to the number 7
-of bacteria present in the sample.

The ‘Piolut_ninescent ‘system— the firefly luciferase assay

N for detecting bacteria.l ATP ipvolves extv-acting the ATP from

the bacterla with nltrlc a.c:Ld w1’ch subsegu\,nt da.lu’cz.on and

~
E

: assay. The a.moun of llgh‘c. emit ed from ‘ta° reactlorl if pro-

— - e .

portlonal to the amount of‘ ATP wh:Lch should be dlrectly

b

related %o the bacterla concentra’clon.

Pl " Since many conpounds bes:Ldes bacterlal porphyrlns produce

-

La llght response » common mterferlng af-“en:,s wncludmc meta]_hc

d -

~ions, ehlorine, and extra c:ellular porphyri ns, it is necessary

z

i '+ dlfferentla’ce these ' 1nuerferences fTrom the bacterlal

porphy‘_r‘ins; Several tec-hniques have been developed to accom-

plish this: e

1) Sodium thiosulfate can be used to reduce chlorine to the ‘
- non-reactive cbloride. 9B reductior; of signal from a sample
containing 10 ppm chlorine was achieved with 500mg sodium
" thiosulfate per liter._ No interaction bebtween the sa;dium
) thiosulfate and iron pc;rphyrins h;:tvé been observed. ’
2)‘ A technique has been developed for eiiminating luminoi

interference caused by extra cellular porphyrins such zs

RIG_U\TAL Pag catalese and henogleobin, This method involves a pre-incuba-~
OP po, £ IS . .
OR QUA._LITY " tion of the sample with a dilube concentration of hydrogen

percxide vhich destroys the tetrapyrole svructure of the

interfering soluble porphyrins and thus inactivates them..



- .
- -

The porphyrins within %he bacteria remain intact and will only
react with the luminel reagent after the cells’ha;e been rup-
tured by the sodium hydroxide in the luminol reagent.
Figure 2 shows the effect of hydrogen peroxide concentra-
tion with time on a caéalase sample. The greatest reduction
of signalrtakes place within the first five minuftes of the
incubation. Figure'S shows the effect of hydrogen peroxide
~ concensration andftime on-a sample of statéona;y pﬁase
E. coli. At concentrations less than 1.5%, no significant
reduction of fesponse from E. coli was dbserved.- From these
_expe;iments, 9.5% hydrggen peroxide fo; a twélminute.period was-
determined to-ﬁf the optimal pre%reatment condition:fbé-the ,

Juminol sample. ?igure I shows the effect of this pretreatment

on three species of bacteria, E. coli, Bacillus subtilis, and
) == b 2

Pseudomonas aeruginosa. The.growth stage of some species of

bacteria does influence the susceptability of the bacteria to
the pretreatment, It is therefore necessary that the growth” -
phase of the bacteria in a sawple be knowvn or at‘least be con-
: staét.
_While some loss of signal is observed with pretreated bacteria,
the loss is not significant (at least for E. coli) compared to
the less of signal from other pretreated materials. Figure 5
shows the effect of 0,5% hydrocgen peroxide pretreatment on a
nmuber of compounds capable of stimulating a luminol light

response. Over 90% of the interference due to porphyrin

material can be eliminated using this technique.

ORIGINAL PAGE IS
OF POOR QUALITY
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) 3) Not all the interference can be eliminated using the
To eliminate the effects of

hydrogen peroxide pretreatment
inorganic interference we have taken advantage of the  different
reaction rates of the various luminol reactants. Figure 6

shows the reaction rate curves of E, coli, catalase, ferricyanide,

If the light measurement was-taken at a

and ferrous sulfate. .
polnt ten seconds after mixing “the sample with the lumlnol

only the catalase and E. coli response would be observed.

When used :Ln congu.nctlon W:La..h the hydro"_n peroxn.de prer..roa ument
" the reactlon rate resoluulon mevhod should make the lumlnol ‘T

'_,‘.4:'

. system specific for bacteria.,
Slnce there was a need for an aufomated.contlnuous method

-

in fluld sﬁoooles, a ?low type

for monitoring microbial levels
A schematlc dlagram of

system was in order.
system 1s shown io Flgure 7. The system 1pcorporates the *wo
methods for eliminating interference ‘problems, The hydrogen

the luminol flow

peroxide pretreatment allows the sample to pre-react with the
hydrogen peroxide at a concentration of 0.4% for a two minute

The sample then reacts with the luminol reagent
and 0.75 I NaOH) for a period
This

pericd.
(2.5 X 1074 o luminol, 0.1% K
. .

of ten seconds before reaching the photomultiplier tube,

~

step, rate resolution, eliminates the interference from inorganic

materials; Results from a tap wateo sawple show that 98
the interference can be eliminated. B
The peak light producea from the lumincl system is measured
Tizure 8 shows the
luminol flow sysiem response to washed E. zoli. The functional
b coli per millilter,

——y
—
pary)

7
]

to determine the bacteria consntration

gensitivity of the system is about 1L.X210



A comparison of the chemiluminesent and the bioluminescent

systemféan be broken dovm as follows:
1) Lodking at the reactions at face value, the figefly lucifer-
ase reaclion is a much more specific reaction compared %o the
luminol reaction with the multitude of fackors capabie of
. stimulating a light response. However whexn one considers
the interfgrence elinination te;hniques deseribed, the
specificity of-the luminol.system can greaatly be improvéd.
APrélimi?ary tests with wastewater effiuent igﬁicate that.any
interference present will not affect either system.
- 2) The-sensitiviﬁy of the flow systems has been mentioned as
"1 x'10" B. coli pér milliliter for the luminol system and
1 X_los_g;_gglg_per williliter for the firéfly Iuciferase
. ATP gystem. Figure 11 shows the use of t;e two systems for
detecting E. coli in seeded wastewater effluent. With no

interference elimination techniques employed, a sensitivity
of 5 X 105 E. coli per milliliter was achieved. With the inter-
ference elimination techniques included in the systems, the
sensitivities further improve.. i
A method for concéntréting bacteria is currently under
. development and should improve the sensitivities much more.
3) The final area for comparison is ir the area of cost.
The use of the firefly luciferase ATP system is limited to

discreet assays due to the cost factor, each assay, 0.2 milli-~

liters of luciferase costing approximately 30.60.

e

“RECEDING PAGE BLANK NOT FILMED



If an ;ssay needed to be performed periodically the ATP

system should‘be quite adequate. Yor a continuous monitoring
of a flu;d sample, as in the case of wastevater effluent, the
Juminol flow system is 1deal. The reagents necessary for the
luminol system are inexpensive and cost should not restrict o

the conbinuous monitoring of bacteria levels.

References

1. Falk, d.E., “Porphyrins and Metallovorpayrins, New Ybrk
. FElsevier Publishing Co., 1964, p. 21.
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