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ABSTRACT

This report describes attempts to adapt the luminol-carbon monoxide
injection system to a flowing type system. Although the flow system did
not always produce consistent results, some recommendations such as short-
ening flow 1ines and protecting the reaction from light are suggested.

Analysis of actual wastewater samples was carried out and revealed that
bacteria can be associated with particles greater than 10 microns in size in
samples such as mixed liquor. In such cases, prefiltering the sample with a
10 micron filter would produce erroneous results.

Research into the luminol reactive oxidation state was conducted which
supported the previous theories concerning the luminol reaction. Laboratory
evidence indicates that the oxidized iron porphyrins, cytochrome-c in
particular, produces more luminol chemiluminescence than the reduced form,
Correlation exists between the extent of porphyrin oxidation and relative

. chemiluminescence. In addition, the porphyrin nucleus is apparently destroyed
under the current chemiluminescnt reaction conditions.

A paper entitled, "Use of the Luminol Assay for the Determination of
Bacterial Iron Porphyrins Flow Techniques for Wastewater Effluent" is
enclosed. This paper was presented at the Second Bi-Annual SAI ATP Metholo-
logy Symposium in San Diego, California during March 1977,

A patent describing the use of the firefly luciferase-ATP and luminol-iron
porphyrin reaction system for quantification of bacteria was prepared.

INTRODUCTION

A major advancement in the use of the luminol reaction system for quantitating
bacteria was described in Quarterly Reports No. 5 and 6 (NAS 5-22545).

This new technique allows the differentiation of live from dead bacteria in
real time. The previous luminol methods quantitated total bacteria, live as
well as dead; however, it has been discovered that a method employina pre-
treatment of a bacteria sample with carbon monoxide can be used to differen-
tiate live from dead bacteria. The carbon monoxide pretreatment removes the
signal from iive bacteria in a sample and the difference between untreated
and treated samples can be directly related to the number of viable cells
present. The research and development of this technique was exclusively
performed using a simple injection type system where a specific volume of
treated sample was directly injected into a specific volume of luminol
reagent. Since the purpose of this project is to develop an automated

real time bacteria detection system, a flowing type system would apparently
be much more compatible with this goal.



I. LUMINOL-CARBON MONOXIDE FLOW SYSTEM

Various flow system configurations were examined with varying degrees of
success. Figure 1 is a schematic of the initial flow system configuration.
The system was designed to selectively meter the sample with carbon monoxide
or air to achieve the desired treatment. Some reduction of chemiluminescent
signal occurred with a variation of approximately 33%. Although "exhaust"
drains were provided to prevent bubbles from reaching the photometer, they
were not completely effective and, as a result, the bubbles caused an
unacceptably noisy signal. Had this configuration been pursued, some means
of completely removing the bubbles would have been a necessity.

To eliminate the inherent problem of bubbles in the sample line in the

example above, a second configuration illustrated in Figure 2 was examined.
This new configuration ailcwed carbon monoxide to bubble through the sample
without allowing the bubbles to actually enter the sample line. In this study
carbon monoxide was bubbled through a third portion of sample for 15 minutes
and then assayed. Valve 1 in Figure 2 controlled the amount of sample put
into the "bubble chamber" and valve 2 selected the treated or untreated
sample. Since the carbon monoxide-iron porphyrin complex disassociates

in the presence of 11ght.(1 the system was operated with and without a

large bqack drop cloth covering the entire operation to eliminate light.

Large variations from sample to sample made the data statistically un-
reliable; however, the basic trends indicate that the flow system protected
from 1ight with carbon monoxide bubbling through the sample for 15 minutes
or longer produced the best results.

The carbon monoxide-iron porphyrin complex not only disassociates in the
presence of light but also in the presence of oxygen. A potential source

of oxygen in the luminol flow system is the luminol reagent itself. To
determine if elimination of all sources of oxygen would improve the results,
the system illustrated in Figure 3 was devised. In this system both the
sample and luminol reagent are purged with carbon monoxide for 15 minutes and
a large sample volume, 10 ml was used. The data in Table 1 indicates that
carbon monoxide purging of the luminol reagent did not increase sianal
reduction but actually lowered the reduction. This flow system with the large
volume of sample in the bubble chamber did show good correlation with the
injection system.

The major problem with the luminol flow system at this time concerns re-
peatability of results. Under identical experimental conditions it was
very difficult to reproduce the results. It is difficult to determine if
this problem is inherent to a flow system; however, the following recom-
mendations can be made:

1. The reaction system should be completely protected from
light to protect the light sensitive carbon monoxide-
iron porphyrin complex.

(1) Parr, S. R.; Wilson, M. T.; and Greenwood, C.; The Reaction of

Pseudcmonas Aeruginosa Cytochrome C. Oxidase with Carbon Monoxide,
Biochem. J. Vol. 151, 1975, p. 51
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2. A bubble chamber with a volume over 10 ml produces
better results, possibly due to flushing oxygen out
of the line with the treated sample.

3. The shortest possible flow 1ines should be used for
the carbon monoxide treated samples to prevent possible carbon
monoxide porphyrin dissociation.

II. ASSOCIATION OF BACTERIA WITH LARGE PARTICLES

Examination of "real-world" wastewater effluent samples indicated that,
in the case of returned sludge and mixed liquor, the majority of bacteria
are associated with large .articles. Studies with swmples taken from a
southwest Houston wastewater treatment plant indicated that 99.8% of the
bacteria were associated with particles greater than 5 microns. This
study warns of the potential dangers of using a 10 micron pre-filter for
these types of samples.

Studies comparing the Tuminol-iron porphyrin measurements and Coulter
electronic particle of real wastewater effluent samples are continuing to
show good correlation as shown in Table 2. :

III.  VALENCE STATE OF LUMINOL REACTIVE IRON PORPHYRINS

Spectrophotometric measurements of cytochrome-c were conducted to support
the present theory that oxidized iron porphyrins are responsible for Tuminol
chemiluminescence. The experimental results showed that cytochrome-c,
oxidized by air or a shift in pH to pH3, produced as much as 10 times the
luminol chemiluminescence than samples reduced by ascorbic acid or hydrogen
over platinized asbestos.

Iv. ATP METHODOLOGY CONFERENCE PRESENTATION

Appendix 1 contains the paper entitled, "Use of the Luminol Assay for the
Determination of Bacterial Iron Porphyrins Flow Techniques for Wastewater
Effluent" presented at the 2nd Bi-Annual ATP Methodology Conference in

San Diego, California, March 1977. This paper includes the current proce-
dures and advances for using the luminol reaction for quantitating bacteria.

V. PATENT

A patent entitled, "Rapid, Quantitative Determination of Bacteria in Water"
(NASA Case No. GSC 12, 158-1) was drafted during this quarter. This patent
describes the methods for rapid quantification of bacteria including
procedures for concentraticn and analysis using the firefly luciferase-

ATE reaction and the luminol=iron porphyrin reaction.



TABLE °1 :
COMPARISON OF LUMINESCENT SIGNAL WITH CARBON MONOXIDE

METHOD INJECTION FLOW
CO BUBBLED THROUGH 61.3% 51.4%
SAMPLE ONLY

CO IN SAMPLE AND 38.5% 44.0%

LUMINOL REAGENT

* Comparison of the reduction of luminescent signal with carbon
monoxide using various techniques. Sample was calculated to
contain 56% viable baciecria

TABLE 2
COMPARATIVE DATA USING THE LUMINOL -IRON PORPHYRIN REACTION

COULTER LUMINOL
SAMPLE COUNT ~ ANALYSIS
CLARIFIER EFF. (SW HOUSTON) 2.6x10° 8.0x10%

(6 Apr. 77)
CHLORINATED EFF. (SW HOUSTON) 3.1x10° 1.2x107
(6 Apr. 77)
UNCHLORINATED EFF. (SW HOUSTON) 3.34x10% 3.98x10%
(18 May 77)
CONCENTRATED CHLORINATED EFF. 1.15x108 1.18x10°
(SW HOUSTON)
(18 May 77)

* Comparative data using the luminol -iron porphyrin reaction
for quantitating bacteria and the Coulter electronic particle
counter



APPENDIX 1

USE OF THE LUMINOL ASSAY FOR THE DETERMINATION OF
BACTERIAL IRON PORPHYRINS:
FLOW TECHNIQUES FOR WASTEWATER EFFLUENT



ORIGINAL PAGE IS
OF POOR QUALITY

USYE OF Wil LUMIKOL ACSSAY FOR TLE uZl’l‘I’ "-III.NL‘I()'.J
O] BACYLLRIAL IRON PORPHYRIN
FLOW TECHNIQUIS FOR VASTLWATLR BFFLUENT

Riclhiard R. Thonmas
Grace Lee Piccioclo
Emmett V7. Chappeclle

Eldon L. Jeffers

Reuben E. Taylor

‘"The Boeing Company
Houston, Texas

ABSTRCT:

A cheniluminescent method for monitoring microbial
populations in wastewater efiluent has been developed as
part of the uohngon Space Center Water Monitoring Systemn
An inexpensive, semi-avtomated flow system as well as an
autecrmated computurmoperated system have been decreloped
incorpecreting the alkaline luninol-hydrogen peroxicde ro-
acticn with bacterial iron porphvrins. By measurxing ih
luninescence response, an accurate indication of kacterial
concentration can bc deternined in real time with o sensi-
tivity limit of 10% cells per milliliter. Eydro gen pﬁYOde
pretreatmant and reaction rate resolution plevent interfoer-
ence frcu soluble iron porphyrins and metallic ions {ound
in wastewater effluent.

&
ic

The luninol response from five pure and mixed cultures
of bacteria isolated from effluent has produccd linear
results. )

Since
oF

t appears that luminol responds to total cells,
a nmeans 3

4
differentiating live from dead cells is proposed. ®

INTRODUCTICN:

A chemiluminescent method for monitoring microbial
poRulutwond in wastewater cffluent has keen developad for
use in the Johnson Space Center Water Monitoring System.
The assay is based on the chemiluminescent reaction Lolwean
luminol (S-~amino-2, 3-dihydro-l, 4-phthalazinadione),
hydrogen peroxide, and an activating agent in an alkclire
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aqueous solution. Ferricyanide or hypochlorite can Lo used
as activating agents to produce chemiluminescence although
systcaus derived from hydrogen peroxide and a transition
metal such as iron, copper, or cchalt can bz substitut.d.
$lide 1 shows the basic reaction. UWhile several mechanisvs
have been proposed, some mechaniens involving free ralicals
(1) or a one clectron oxicdation of the luainol dianion (2,
3, 4), no single mechanism coupletely explains the reoction
for all activating agents. Slide 2 gives some indication
of the relative intensities of the chemiluminescent signals
from various luninol activating agents.

‘

Th2 chemilunminescent system used for monitoring micro-
bial levels involves the reaction between lunincl and most
likely iron porphyrins such as cytochromes, catalase, or
peroxidase as the activating and probably oxidizing agents.
Many investigators have proposed using the luminol reaction
for monitoring bacteria (5, 6, 7). The system used by NASA
incorporates similar features of these tests with sone
unique features. Our system is automatable with special
techniques for eliminating possible sources of interference,
such as soluble iron porphyrins and metallic ions.

The chemiluminescent assay for bactexria requires that
the sample contain more than 104 cells per milliliter for
accurate gquantification. If the sample contains lezs than
104 cells per milliliter some medns of concentration is
necessary. Concentration by the Amicon lollow Fiber Dia-
lyzer/Corcentrator has been primarily used in our system;
however, concentration methods such as centrifugation and
nenbrans f£iltration have also becn developed. DProcedure
and results with the Amicon Hollow Fiber unit will be
presented by Eldon Jeffers in a later talk.. Concentration
by centrifugation is perhaps the sirplest and nost effi-
cient nmeans of concentrating a saiple; however, the least
automatable. Another method which has been developed is
cencentration on a 0.2 micron Gelman acropor mambrane
filter. This filter was selccted since it is one of the
few membrane filters which is resistant to the necessery
extractant, C.1ll sodium hydroxide - 50% ethuanol. The
filter is nade of a copolyner of acrylonitrile and poly-
vinyl chloride on a nylon substrate. The procedure involves
collecting bacteria on the membrane filter and then ex-
tracting the iron porphyrins with the 0.1lN MNaOH - 50% EtON
nixture. Other extracting agents such as nitric acid have
been tested; however, only the 0.1N NaOH - 50¢ EtOH cxtracts
the porphyrins and allows them to pass through the filter.
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In addition, the mixture stabilizes the porphyrins once
they are in solution. Problens associated with thic Loch- %
nique are those commeon to all membrane filters, such as
clogging and slow flow rates.

 —— R,

Since many compounds besides intra-cellular iron por-
phyrins produce @ chemilumiacscent response several toech-
nijues have been incorporated into the assay to elinminate
false sic¢nals. A simplified assay of a concentrated intact
microbial sample would include the following steps:

1) Pre-incubation of the sample with adilute concen-
traticn of hydrogcn peroxide. This step eliminaies
any soluble iron porphyrins present.

2) If chlorine is p.esent in the samplec such as in
chlorinated wastewater, sodium thiosuliate can be
used to reduce chlorine to the non-reactive chloricc.

3) The pretreated sample is then injected into the
luninol reagent. This step extracts the ircn
porphyrins from the bacteria and the resulting
chemiluminescence can be recorded using a photc-
meter.

'4) 7The light response is then measured 5 seconds after
the initial reaction. _This step eliminates the
false signals from the short=lived light responses
from transition metals such as iron, cobalt, and
copper, and much of the signral from ferricyanide.

Hydrogen peroxide pretreatment can be used to eliminate
soluble porphyrins which would otherwise produce a false
signal. In hydrogen peroxide oxidation as in natural de-
gradation of iron porphyrins a bridge-carbon atom is cliwm-
inated from the porphyrin nucleus (8). Very little cheni-
luninescent response is observed from the resulting
dissociated iron atom. This reduction occurs even in the
case of catalase interference. The result is that the -
signal from soluble iron porphyrins is eliminated but
porphyrins within intact bacteria are protected for the
subsequent assay.

Slide 3 shows the effect of hydrogen peroxide pre-
treatment concentration with time on a 107/l1 catalase sample.
The greatest reduction of signal occurs in the first five
minutes. Slide 4 shows the effect of hydrogen peroxide
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prctrecatment concentration on actual bacteria sample,
Fvoqchchva coTJ. At final concentrations less than 1.5%
PCIOLlQL no significant loss of signal 1 obscrved with
prctrcatcc E. coli. A final concentration of 0.5% hydrogen
peroxide for 2 minuntes was selected as the optimum concen-
tration and time for effeoctive reduction of szoluble pox-
phyrins and little loss of siqnal from the bacteria sarmple

~
4

Slide 5 snows the effoct of 0.5 hydrogen peroxide Foxr
5 minutes on three species of bacteria, Escherichia cecli,
Bacillus subtillis; and Pseudononas aeruginosa. It is
apparent that the growth stage oi scme species of bacteria
does influence the susceptibility of the bactceria to the
hydrogen peroxide pretreatment. While some loss of 51gL“L
is observed with pretreated bacteria, the loss is not sig-
nificant compared to the loss of signal from other pretreated
materials. Slide 6 shows the effect of 0.5% hydrogen per-
oxide pretreatment on a number of compounds capable of
stimulating a luminol light response. Over 90% of the
interference due to porphyrin material can be eliminated
using this technique.

However, since some loss of bacteria can occur with the
hyd*ocen peroxide pretreatment, this step should only be
used if a problem with soluble iron porphyrin is expected.

In the case where a sample is concentrated by centrifugatiocn
very little soluble porphyrins would be expected in the
pellet. Since the Aricon Hollow Fiber unit (50,000 Mol.

Wt. cut-off) concentrates only the bacteria and very little
soluble porphyrins, the signal from soluble porphyrins will
preobably not be significant thus not requiring hydrogen
peroxicde pretreatment. If bacteria were concentrated on

a mexmbrane filter probably very little iron porphyrins
would be present; however, the filter could be washed with
the 0.5% hydrogen peroxide prior to extraction. Obviously,
once the porphyrins are extracted with 0.1N sodium hydroxide
- 50% ethanol no hydrogen peroxide should be added.

~ Chlorine has already been mentioned as a luminol chemi-
luminescent activating agent. Adding scdium thiosulfate
to the sample to a final concentration of 50 ng/l effec-

_tively reduces all the chlorine to the non-reactive chlcride.

No effect on bacteria or luminol activity has been noticed
with this treatment. The reaction ratc resolution described
later will also eliminate false signals from chlorine.



As was noticed in Slide 6 the hydrogen peroxide pro-
treatment did little to elininate the false gignals from
inorgonies sueh o8 the transition metals.,  To elininatna
the cileels oi invccganie interiovonee we have rodo uss of
the different reaction rates of the vavious luainol acti-
vating agents. Slide 7 illustrates how the reaction rates
of potassivn ferricyanide and ferrous sulfate Qiffer from
dvon porphyrins svch as catalase and the buctoeriwv:, . coli.

peroxide, different peroxide concentrations showing dif-
ferent shapod curves. What can ba scen in Slide 7 is that
if the light measurcement is recorded at a point 5 secconds
after the initial mixing of sample and luminol reagent,
only the catalase and E. coli response would be obsaerved.
When coupled with the Nydrogen peroxide pretroctacnt, the
reaction rate resolution method makes tha luminol system
quite specific for bacteria.

The lunineol reagent used in the assay consists of
2.5 x 10=4M luminol, 0.1% hydrogen peroxide, 6.33 x 10-3n
cthylenediane tetraacetic acid (EDTA) and 0.75N sodium
hydroxide. This solution has been deternined as optimum
in terms of:

1) maximum signal to noise ratio - luminol concentratic..

2) elinination of interference hy peroxide pretreatment
and reaction rate resolution = hydrogen peroxide
concentration

3) elimination of chemiluminescent inhibition - EDTA
concentration .

4) optimum pH - sodium hydroxide concentration.

* A voluna ratio of 1:1, sample to luminol reagent, has been
used in all these studies.

The optimum luminol concentration was determined in
terms of lowest blank and higheast light response for a
4 x 107 rechorichia coli/ml sample. Slide 8 illustrates

the sample roespvonse, blank response and endogenous light @
associated with increasing luminol concentrations.

A plot of the signal to noise ratio for the different
luninol concentration can be found in Slide 9. Self-quenchir
of the reaction apparently becomes important when the
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luninol concontration is greater than 5 » 1074M (9). Yhe
opltimun lvmxno] concentration vas thus deternined to bo
2.5 x 10™%M. .

Two phenomenon are dependent on the hydxogon poro \(0
concentration; 1) peak ligabt response, and 2) thae rol:
reaction rate curves. Slide 1O ‘11\u‘2dt03 how the po \L
light response varics with different hydrogen poroxide
concentrations in the luminol reagent {or a bacteria saunple.
8lide 11 shows how the reuction rate curves change with
those same hydrogen peroxide concentrations. 0.1% hydrogen
peroxide was chosen as the optinum concentration due to
the highast light output and yet sufiicioent reaction rate
resolution of the interfercence signals from bacteria signals

The sodium hydroxide in the luminol reagent also serves
twe functions: 1) as an extractant to rupture the cells
and release the iron porphyrins for the reaction, and 2)
to provide an alkaline sclution for the chemiluminescent
reaction.

The optimun pH was the criteria for seclecting the
sodium hydroxide concentration. Luminol chamilumine;:oaca
with transition metals such as iron and cobalt (1Y) show
a maxina around pH 10.9 (10, 1ll) while the maximom cheni-
luninescenca for E. coli is exhibited around pi 12.4 (con-
versation with Dx. Rudy Moyer). 0.75N sodium hydroxide
wiiich has a2 pH of 12.4 is therefore used as the basis for
the luminol reagent. Sodiun hydroxide extraction is con-
parable in efficiency to the 0.1N nitric acid used in the
ATP assay. ‘

Certain wastewater effluents contain some materials
which appear to inhibit luminol chemilumincsconce. It is
known for instance that sowe amino acids, in particular
anino acids containing sullhydryl groups such as cysteine
and thiourca inhibit the luminol erLtlon. It has been
found that 6.33 x 10-3M IDTA eliminates the inhibition
phenonenon found in the effluent at the Johnson Space
Center site. It is speculated in this part‘\ul1r ins canc
the EDTA nmay be chelating sowme netallic ion; however, th
actual source and site of the inhibation is not yet known.

The luminel procedure described up to this point is
adequate for a single sample or multiple sample assay;
hewever, for continuous meonitoring an automatable flow
system is much more advantagecus. Such a systen has been




constructed by NASA for thoe pmipose of continuously woni-
toring wasiowater offluent. 4he schomatic diagram in

8lide 12 showg the flow syston which incorporatos all the
steps which have boen outlined above. The sawpla ninos
with 3% hydrogsn povonide for a final concentration of 0.5%
with a 2 pinute reaidence tivo; this is the protvoatnont
stop which climinates the soluble porphyrins.  Yhe hydrogen
peroxide protreated sample thon mixes l:l with the luminold
reagent. Yhe 5 second delay of the selution bofore entesing
the photonoter eliminates the short-lived inorganic intex-
ferences and only the response from the iren porphyrins is
measuvoed,

Slide 13 shows the actual laboratory sotup. Tha
apparatus shown are; 1) a Buchler peristaltic puap which
proportions samples and reagents, and 2) the Aninco Chom-
Glow photometer. The apparatus is fairly inexpensive and
reliable requiring only periodic replacement of pump tubing.

The automated chemiluninescent wastewater monitoring
system at Johnson Space Center is similar to the laboratory
gotup; howover, it is controlled and operated by a small
computer and a series of solenoid actuated valves. The
light units ave dircctly convertod to equivalent bactaeria
per milliliter as computed by the conputer according to a
standarc calibration curve. '

In both the autonated and somj-automated luninol systeas,
sonme nmeans of calibration must be employed. Isolated iron
porphyrins can be used as standards; howvever, thoy nmust beo
used in 50% ethanol mixturcs since povphyrins vapidly de-
coipose in aqueous solutions. The luninol rosponse for
most bacteria is fairly constant and correlation can be
made between the anount of iron porphyrin per bacteria cell.
It might be mentioned here that all the aerobes this labora-
tory has tested have produced a fairly constant luminol
response; however, Strentocouy faecalis, a facul tative
anaerobe produces vioy Jittle response. We sucpoect that
this ray be true of all anacrcobes either becausce they do
not contain the "normal" cytochrome rospivatoyry chain or
all the iron porphyring are in the reduced state.

The best method for ealibrating the bacteria sensor
appears to be assaying known gquantities of culturod
bacteria. By establishing the light response for known
concentratioms of bacteria a standard curve can be produced.
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All calibrations are porformed using eultured bacteria wiil
known total counts, 8lide 14 is a calibration curve porforme

rith tho soni=automatod systom waing known concontration of
he €O,
W e ——

' The auntonated systar calibration was porforned using
the 5 prevalent bacteria species found in Johnson Spacoecralt
Center wasteowater. Yhe wastewater sample was plated, colonioe
that represented the wost prevalent morphelogical tyves woere
subcultured and thoese pure spoclies were nined in varicus
percentages and dilutions in deionisod water for a total of
120 sanples. The bacturia vere identified as Xlebaiella
nouwmoniae, Pseudomonas putrifaciens, E. coli, anochov
Encu«om&ﬁﬁh fpocics, and giam nogative rous.  Tho results,
Figure 15, illustrato the relationship batween the chaemi-
Iuninescent light unit and microbial count by spread plate
nethed. It was found that the slope of tha calibration
curve was 1 and that a luminol light wnit was equivalent
to 2 x 100 cells per ml, indepondent of bacteria species.
The lower limnit of sensitivity for the autematod flow systonm
as tested was 2 x 10° cells per ml,

Slide 16 illustrates the performance of the inter orence
elimination methods with a tap water samgple. The hydrogen
peroxica pretreatnent and reaction rate resolution mnethodw
conbine to eliminate 98% of the signals atiributed to non=
bacterial sources. Little effect on a bacteria saple,

E. coli response is observed.

The interference elimination methods as illvstrated
in the scmewhat challenging exawple above can eliminate
most of the false signals from samples. The system has
linits and can be saturated, swvampeld by veory high concon=
trations of interforing nmaterials. Practical experioencoe
has dononstrated that even though common iantevierences have
bean nininived, specific enviromments such as induutrial
sites may proseni. specific probloms. Domestic wastewator
wiich may be of a fairly constant composition should be of
less concern.

The luninol reaction systom is a dotection system for
total bacteria, live as well as dead colls. A wethod is
now being developed which will allow the lwninol systom
to diffcerentiate live from dead cells. This method siwply




involves bubbling carbon nono:nide vhrough a bocterial ous-
pensions for 15 minutes which resulls in a loss of luminol
signal from the viable bacteria. A direcct corvrelation couisi
between the porcent reduction of lwiinol respunse arfcor cati
monoxide pretrceatment and the percent viable cells presont
in the saumple. .

Slide 17 iilustrates the relationship between the
percent reduction of luminol response with carbon monoxido
treatnent, and the percent vichle bacteria in the srople
for secveral species. Since the luminol response from the
.untreated sanple is a measure of the tot~l nunber of cells
and the percent luminol reduction is an indication of the
percent viable cells, an.accurate count (with 10%) of the
actual numbers of dead and live cells can be nade.

The model we have constructed to explain this phenomenon
is based on several assumptions: 1) luminol reacts with
the oxidized iron porphyrins in bacterial cells, 2) the
cytocnhromaes in dead cells are mainly in the oxidized state
as a result of the cquilibxium of the reaction favoring that
species and, 3) the carbon monoxide complexc * with the
reduced cytochromes (12, 13) (found in the live cells) and
inactivates them with the chemiluminescent reaction.

Slide 18 depicts our model cells. The cytochromes
of actively nmetabolizing viable cells are undergoing con-
stant cxidation and reduction while in dead ceils most of
the cvitcchromes are oxidizced, Carbon monoxide conplexes
with the reduced cytochromes of the live cells and inhibits
any chaniluminescent response with luminol. Since the
cytochromes in the dead cells are mostly oxidized no com-
plexes are formed and chemiluminescence can be observed
with the dead cells.

This method for differentiating live from dead cells
produces accurate results using a simple injection type
. system. Work is currently being undertaken to adapt this
system to a continuous type flow system.

In conclusion, the luminol system has several advantagcso
over the firefly luciferase - ATP assay. In our studies,
luminol system is generally ten tines more sensitive to mest
bacteria excluding anaerobes and certainly less expensive.
Most interfering agents likely to produce false signals
can be eliminated oand lastly, the carbon monoxide procedure
for differentiating live from dead cells makes this assay
extremely versatile.

Not only is this assay well suited for continuous moni-
toring of wastewater effluent, but it could have clinical
uses as well as uses in basic metabolic research.
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Chemiluminescence Response vs. Plate Counts of Bacteria
Isolated from Secondary Treated Wastawater
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