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PREFNACE

The purpose of this project is to develop automated chemiluminescent
and bioluminescent sensors for the continuous monitoring of microbial
levels in wastewater effluent in support of the Johnson Space Center
Water Monitoring System. In particular the objectives include 1)

the development of an optimal luminol reaction system and procedures
for its use as a sensitive and specific means of microbial detection
and 2) the necessary modifications of the GSFC bioluminescent firefly
liviferase system.l The optimal reagent concentrations for the luminol
system are 2.5 x 104 M luminol, and 0.0125 M sodium perborate in 0.75N
sodium hydroxide before addition of sample. Two methods have been
developed to increase the specificity of the luminol reaction; 1)
extraction of porphyrins from bacteria collected on a filter using

a 0.1N NaOH - 50% - EtOH solation, and 2) taking advantage of the
differences in rates of reaction for various luminol catalysts.

Since reaction times are different for each catalyst the reaction

can be made specific for bacteria by measuring only the light emis-
sion from the particular reaction time zone specific for bacteria.

At the present time, no modifications have been made on the biolumin-
escent firefly luciferase system except in the area of flow system
design,

o
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INTRODUCTION

Community Wastewater Treatment Plants require continuous monitoring
of the quallty of the reclaimed water with respect to microbial
count, Luminescence techniques can accomplish this in real time,

A chemiluminescent system which can be used involves the reaction
between luminol (5-amino-2, 3-dihydro-l, 4 phthalazedione) and
bacterial porphyrins. The bioluminescent system which has been
developed at GSFC is a result of the reaction between firefly luci-
ferase and ATP (adenosine triphosphate). By measuring the amount
of light emitted from either reaction the bacterial concentration
can be determined.

The majority of water monitoring work at GSFC has been devoted to
two basic problems which are inherent to the luminol system, 1)
the reaction is not specific for bacteria (bacterial porphyrins)
and-2) relatively large amounts of light can be generated even in
the absence of any known reactant; i.e. high blank and endogenous
light. Luminol has been used for the detection of hemoglobin,
potass;um ferricyanide, catalase, ferrous ions and cytochrome C
as well as bacteria. 1In addition to the above catalysts, many
other metallic ions and complexes initiate a light response from
luminol. Because of this lack of specificity many interference
problems could result when the luminol system is used in moni-
toring microbial levels in wastewater effluent. The second problem,
that of high blank and endogenous light was also confronted. An
effort was made to decrease the endogenous light-and blank since
these both limit the sensitivity of the luminol system.

The major thrust of the work with the bioluminescent system so
far has been in the area of flow system design. The basic assay
developed at GSFC has been used in the flow with emphasxs on lim-
iting the amount of firefly luciferase necessary for the assay

in order to minimize cost. At the present time the system must
involve discreet pericdic assays of the flowing sample in ordex
to be economically practical. -

i



DISCUSSION AND RESULTS ' . .

Hydrogen Peroxide Concentxation., The initial work involved optimi-
zation of hydrogen peroxide concentration which is necessary fox
the light response from a sample using the luminol reaction. This
work involved the use of a discreet sampling method whereby a volume
of sample was injected into the luminol reagent mixture. The Lumin-
~ escence 760 Biometer, manufactured by E. I. Dupont de Nemours and
Company, Inc., was the instrument used to measure the light emission
from the luminol-peroxide reaction. Appendix A contains the report
of all the work concerning this phase of the work. 1% hydrogen
peroxide was determined to be the optimal concentration for the
5,67 x 10™/M luminol solution resulting in a final reagent solution
(before sample) of (0.5%) H02 and (2.84 x 10-7)M luminol in 0.75N
NaOH. In addition to this work, it was shown that hemoglobin pro-
duced a linear response between the ranges of 10-8M to lO‘SM, with
the: luminol-peroxide system. See Appendix A for complete information.

Purification of Luminol. In an effort to 1mprove the linearity of
light response from samples, increase the light emigsion, and lower..
the endogenous light and blank, a luminol purification scheme was
undertaken. TLuminol hydrochloride, determined to be the most pure
by thin layer Chrotography, was produced by recrystallizing luminol
(J. 7. Baker and Co.) twice in hydrogen bromide. The luminol + HBw/
was then dissolved in alkaline aqueous solution and precipitated out
of solution by acidifying with hydrochloric acid. The resulting pre-
cipitate, luminol hydrochloride, produced the most linear light re-
sponse for a hemoglobin sample, highest light emission for that
sample and lowest blank using the discreet sampling method. The
luminol solution before addition of sample contained equal volumes
of (5.0 x 10~7)M luminol hydrochloride, in 1.5N NaOH and 1% hydrogen
peroxide. Appendix B contains a report of all the work regarding
the recrystallizltion of the luminol.

Luminol was later obtained from the Sigma Chemical Company and proved
to be of much better quality than the original Baker luminol. the
Sigma luminol was similar to the purified luminol in texms of light
response and linearity for potassium ferricyanide (Figure 1). Con-
sidering the time required for recrystallization and experimental
yields of 15%, the Sigma luminol is recommended for the remainder

» . of the progect.
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Figure 1. Light response from luminol-HCL and Sipgma luminol for
: potassium ferricyanide samples. The vertical bars
represent: standard deviation of the mean (n = 3-5).
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Optimal Luminol Concentrxatipn, The optimal luminel concentration

was detormined by consideralfion of the endogenous light, the blank,
and highest light response for a sample. Tie determination ‘was
conducted’ using the dlscrq¢t sampling method., The hydrogen peroxide
concentration (1%) and the sample 1.0 x L0~7M potassium Ferricyanide
were held constant while the concentration of luminol was varied.
Figure 2 shows how all three parameters, endogenous light, blank,
and sample respons‘h varied with luminol concentration. The optimal
luminol concentration, highest light response for a sample with
lowest blank (computed as actmvmty (sample/blank)) was determined

to be 5.0 x 104M.

Another attempt to decrease blank and endogenous light - Ammonium
hydroxide vs. sodium hydroxide. 1In an effoxt to decrease the endo-
genous light and eliminate the high luminol blank, ammonium hydroxide
was tried as an alternative to sodium hydroxide as the base. If 7_

the extrannecous light from the luminol reaction was due to impurities i

in the sodium hydroxide it was expected that the endogenous light
would decrease since ammonium hydroxide can be obtained in a purer
form. Table I contains the results of the experiment. These re-
sults show that the use of ammonium hydroxide produced the same
endogenous light from luminol as sodium hydroxide. Although a
lower blank was found using the ammonium hydroxide, a -lower re-
sponse was also found from the sample. Ammonium hydroxide appears
to quench thé luminol reaction resulting in very little light
emitted from the luminol system even with high sample concentrations.
Because of this, sodium hydroxide will be used as the base for the
remainder of the project. *

TABLE I,  Sodium Hydroxide vs. Ammonium Hydroxide as a Base,
including Blank, Endogenous Light, and Luminol Response
to a 1 x 1077M KaFe (CN)g Sample.

Blank Endoggnous Sample
Light 1 x 10-7/M K3Fe (CN) g

(relative light units)

5 % 1073M luminol 6.2 7.2 6.9 x 102
in 135N NaOH *

5 x 10~3M Luminol 2.6 7.4 | 0.8
in 1.5M NH4OH e
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Figure 2, TLipht rgsponse from various luminol concentrations for
. 1 x 107/M potnssium ferricyanide samples including
blank and endegenous light values. The vertical bars
represent standard deviation of the mean (n= 3-7).
‘ Sample =3
Blank —~0-0~8-

N Endogenous light  -AcA-A-d
si
103
///w“ T ""i 3
LA -’j; rao)
2 /fg.ﬂ /é?\"‘
.
10 = =
. - / - \V
7 ya 5
,/ ‘ % *// 4 f‘w
) Vi !ﬂ Jp— A
8 fow
| L A
10t £
/l !,
r/
o - 1"’ /
TP
/’M 4
ol
10° LR, -
: : 7 i
Z ] i
4 7
% P
Al 7
=V ,
ol 1
L Ve
| 10 !'!
] kN
3 i \\\\‘\
3 7 bt
2
lonal 254560!4 . ' '
: ] ‘ .
1075 10-1 103 1072 1071 109

Iuminol Concentratiow " 7>1)
» |

- \‘:

i



N

s
P

Optimal Oxidant, Hydrogen peroxide, dissolved 03 in cthanol, and
sodium perborate. iHydrogen peroxide haszs been the most common
oxidant for the luminol re¢action. Another oxidant which has been
used is bubbled oxygen in the luminol solution.2 It was iypothe~
sized that the high amount of oxygen dissolved in ethanol (5 x
that of water) would be sufficient for the luminol react ;on but
not too strong an oxidant to produce the high blanks and endogenous
Tight whizh have so far been obscrved. Table IT shows the rosults
of experiments using ethanol and a hemoglobin sample. The ethanol
system had very low blanks and endogenous light but only because
the sensitivity was greatly diminished. The ethanol system is
therefore not recommended at this time. :

3

TABLE II - Pissolved Oxygen vs. Hydrogen Peroxide as the Source of
Oxygen for the Luminol weaction. (5.0 x 10~34 Luminol).

Blank Endogenous Samples
T Light .1.47 x 10-T0n 1.47 x 10-9M
" Hemoglobin . Hemoglabin

(relative light units)

1% 150, © 2.2x102  3.1x10 3.3 x10% . 4.3 x 103

Oxygen dissolved 7.5 x 101 3.4 x 10} 6.5 x 10-1 4.5 x 1071~

in 25% ethanol

Oxygen dissolved 8.4 x 20~ 7.6 x 1071 7.7 x 1071 7.0 x 107
in 50% ethanol - . .

Sodium perborate was explored as an alternative to hydrogen peroxide,
While keeping the luminol and sample concentrations constant, concen-~
trations of 2.5 x 104M to 2.5 x 10~2M sodium perborate were examined
to determine what concentration produced the maximum luminel response

from a hemoglobin sample. Table III contains the exq grimental results.

Using the discreet sampling system, a 60% increase ,d light response
was produced with 0.025M sodium perborate comparcd to the 1% hydrogen
peroxide. Considering the increased light response and greater sta-
bility of sodium perborate, 0.025M (0.0125M in luminol solution) is
recommended and will be used for the remainder of the project.

P
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TABLE III  Hydrogen Peroxide vg. Sodium Perborate,
o (5 x 10™°M Luminol in 1.5N Nao)

' Endogenous Blank Sample
Light 1.47 % L0~°M
Hemoglobin
. (relative light units) ‘
1% HyOp * 9.0 x lo0-1 1.6 x 10 2.0 x 102
2.5 x 10-2M 4,1 x 107t 1.7 x 10 3.4 x 102
sodium porborate
2.5 x 10734 1.6 x 10-1 3.2 5.1 % 10
sodium perborate
2.5 x 10-4M 6.6 x 10-2 6.6 x 10~1 6.2

sodium perborate

Determination of lysing ability of nitric acid, sodium hydroxide
and the luminol system for E. coli. The luminol solution before
addition of sample consists of 0.75N sodium hydroxide. This
concentration has been assumed to ha sufficient for extraction
of the bacterial porphyrins fox subsequent assay by the luminol
solution. A comparison was made between 0.1N nitric acid ex-
traction, extraction with 0.5N sodium hydroxide, and the usual
extraction by the luminol system. Table IV contains the experi-
mental results, ;

[ i
Results with E. coli show that the luminol mixture is an effective
extractant and its use can and should be continued.

TABLE IV  Comparison of Three Methods of Extxaction - 0.1N
Nitric Acid, 0.5N Sodium Hydroxidé and the Luminol

System.
Extractant
0.1N Nitric Acid 0.5N Sodium Luminol
Hydroxide Systen
(xrelative light units)
Luminol Response 4.0 x 102 2.9 % 102 4.0 x 102
from E. coli

sample

Flow System. fThe initial luminol work was conducted using the
discreet sampling method as described in Appendix B. This injec-
tion type system was later converted to a constant flow system.
Figure 3 is a diagram of the specially designed flow head which .
was attached to the Aminco Chem-Glow Photometer. A Buchler pexi-
staltic pump wag used to force the reagents and sample to a coiled
tube where the solutions -are mixed and light detected by the photo-
multiplier tube. Good linear results from bacteria samples can be
obtained as is shown by the E, coli curve in Pigurc 4.

w1
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‘Figure 3

The effect of chlorine on the luminol system and its elimination.
Using the luminol f£low system several concentrations of chloxine
weére assayed. The chlorine samples were prepared by dilutions of
chlorox bleach in distilled water, Clp connentrations detexmined -
by the oxtho-toliA{nemethod. 2.5 x 10-4M luminol and 0.0125M NaBO3
in 0.75N NaOH wi & uxed throughout the study. The results of three
Cls concentrations can be found in Figure 5. Untreated chlorine
reacts linearly like many other luminol catalysts and as such can
présent a problem for bacterial detectiun in chlorxinated samples,

By using sodium thiosulfate much of the interference caused by
chloring in samples can be eliminated. Table V shows the effect
of sodium thiosulfate on, chlorine concentration used in this ex-
periment, -a very high 10 ppm. Sodium thiosulfate effectively
eliminates 98% of the interference while lowering the bacterial
regywhse 20%. Sodium thiosulfate is necessary if there is chlorine
present in the bacterial samples. (If the residual chlorine is
Jess than 10 ppm as it should be, less sodium thiosulfate should
be needed and there should be less effect on the bacterial sample.)

TABLE V The Effect of Sodium Thiosulfate on Chlorine and Chlorinated
Bacteria samples. (5 x 10~4M TLuminol in 1.5N NaOH plus 0.0xuM
~ Sodiur/ Perborate)

No Sodium Thiosulfate

E. coli in 10 mg Clo/liter B. coli in

H20 ' 10.1 mg Clop/litex
' (relative light unitg) o,
Luminol Response 5.0 x 102 3.0 x 103 7.8 x 102
Wwith 500 mg Sodium Thiosulfate/liter : ’ ‘ J
Luminol. Response 3.8 x 102 2,6 x 10 5.0 x 102 ‘, .

A
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Relative Light Units
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Tigure 5, Response from various chlorine concentrabions using the
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Extraction on a filter surface. A method has been developed which
should inereasc both the sensitivity and specificity of the luminol

- reaction. This is accomplished by collecting bacteria from a sample
on to a Gelman 0.45 p acropor filter and then washing the interferring
materials off with a solvent (0.1N NaOH, saline,-or deionized water),
The bacteria can then be ruptured with 0.1N WaOH - 50% EtOH to selec-

2 tively wash through the bactexial porphyrins. This portion is then
assayed with the luminol system,

»

§ The optimal filtration and extraction procedure is as follows:

(1) A known volume of sample is collected on a Gelman 0.45 u acropor
filter. . *

‘ ) ,
;0 " (2) The material on the filter is then washed with 10 ml of 0.1N
’ sodium hydroxide. ‘ : '

L ‘? {3) The bhacteria are then ruptured using 1 ml of 0.1lN sodium hy-ﬁ”
L droxide with 50% ethanol. The filtrate which contains the
5 o soluble porphyrins is then assayed using the luminol flow system.
E This method has been shown to work in a flow system. A Swinnex-13 .
oL 7 (Millipore) 13 mm diameter filter holder was positioned in the sample
{ line between the peristaltic pump and the photometer, . See Pigure 6.
A Gelman acrol Dr 13 mmdiameter filter AN-450, 0.45.4 pore size was '
.used and was replaced before each new sample.

: ) ) 0011 PM tube
? - Sample f'ollowed 0,030 ID . vr::::::jﬁg . 7
: by extractant s ;| Flow Head
ﬁ‘ Filter . . i
. ] . = —
;v el ‘ Ul@ !]j : i:— w-*-;‘:‘"

’ Luminol : L ‘
: 0.040 1ID © - %o drain o O O
i ¢ & AV i 57

' . Peristaltic

Figure 6. \ Panp + Phosometer

Two milliliters of various concentrations of E. coli in salire were
pulled through-the in-line filter by the peristaltic pump. Five ml
of saline were then pulled through to wash the cells on the filter.
i . o The collected bacteria were then extracted with 1 ml of 1.5N sodium
; ’ hydroxide-50% Ethanol (Not Optimal) and that extract assayed as it
ok L "passed through the reaction cell with the luminol mixture. Figure¥7
. is a graph of the experimental results. Fpr a puré sample of E. coli,
: S the light response is linear for changing concentratidihs in the in-
line filter flow system. The porphyrins component from the bacteria
appears 19 be rele&sed 1nsLanLaneously ‘on contact with the extractant.-

3y
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Acceptable washes were detexmined by washing an E. coli sample

collected on a filter with 5 ml of wash. 7The bacteria were then

extracted with 1,5M WaOH - 50% EtOH and the extract assayed with

the luminol system to determinc any loss of signal response due to

washing. Table VI contains a list of the washes and concentrations Y
used with the corresponding luminol response after extraction. It

appears that except fox ethanol any of those washes mentioned can

be used without any harmful effectsxto the bacteria,

TABLE VI Results of Bacteria Washes
¢

i

Washes Mean Response from 107
= E. coli extracted off filter

Sucrose 5,48 x 107 mv

0.3N NaOH 5.82 x 107 mv

'0.75N NaoH 4,99 x 107 mv

1.0N NaOH 4.19 x 107 mv

1.5N NaOH 5.36 x 107 mv

3.0N NaOH 4.28 x 107 my "
Ethanol 2.69 x 107 mv

Blank from 1l.5N 3.59 x 10°

NaOH washed filter

Time Rate of Various Catalysts for the Luminol Reaction.

It has been determined that luminol reaction rates vary depending

on the particular catalyst present. From the differences in reaction
rates, the various luminol catalysts can be differentiated. Figures'8 &
9 show the response curves of various catalysts as a function of

time. Hemoglobin, catalase, potassium ferricyanide, ferric chloride,
and cytochrome C were all tested. The porphyrin molecules have a
longer reaction time than do the inorganic molecules. Figure 10
illustrates how these characteristic curves can be used to differen-

~tiate between catalysts. The response frofi¢ the potassium ferricyanide

is quite rapid, and is: essentially zero after 3 secs, while the re-
sponse from hemoglobin remains high even after 4 seconds. The light
response from hemoglobin can be differentiated from the ferricyanide
in a mixture since at four seconds -into the reaction the ferricyanide
response is zero. At this point only hemoglobin is still reacting
with the luminol.® Whole bacteria have an even longer reaction period

"'l,6" . o
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Figure 11. Luminol assay of E. coll seeded wastewater effluent and
isotonic sucrose (with and without time-delay response).
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as long as 15 seconds for E. coli which should allow for differen~-

tiation between soluble porphyrins and whole bacteria,

Luminol assay of E., coli seeded wastewater effluent.
effluent was obtained from a local sewage treatment plant,
water effluent and isotonic sucros~ (9.25%) were seeded with F. coli.
The luminol flow system was used for assaying the samples.
11 shows the results of that assay.
in isotonic sucrose was approximately 30% higher than that from the

Wastewater

cffluent, The time rate method (delay response) was used in order

to eliminate any interference however according to the results no

interference was present.

The basic bioluminescent system developed by GSFC is continuing
to be used for the detection of bacteria in wastewater samples.
This system involves the reaction between adenosine triphosphate

(ATP) and firefly luciferase.

The work so far has involved the

incorporation of the assay in a flow system design. . Figure 12

is a diagram of the ATP flow system.

required for each assay.
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Work in the future will include further development of the extraction
In particular, experiments will be

conducted to determine the efficiencies of the washes for eliminating
interference of the luminol system.
for the time rate method for elimination of luminol interferences.

of thz bacteria on the filter.

Further development of the bioluminescent syste
areas of sample preparation.
most concentrated form for optimal sensitivity.

Pump

puPont luciferase added to 3 ml of 0.25M
Tris, 0.01M MgCljp, 10"3M Cleland's reagent, pH 8.2.

optimal sample to nitric acid ratios.
point for maximum light detection will be determined.
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Further work may be necessary

m will concern the
The sample should be assayed in its
This will include
Correct pH and optimal mixing
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EFFBCTS OF HYDROGEN PEROXIDE CONCENTRATIONS AND ORDER OF ADDITION
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Time is an essential factor in the detection and treatment
of bacterial infections., Present methods of detection, however,
necessilate an incubatjon period of 24 to 48 hours. The development
of a rapid automatable technigque for the detection of infection in
biological fluids has been undertaken at Goddard Space Flight Center.
One such study deals with the use of the luminol chemiluminescence
method for rapid detection of bacteria.

The principle of the luminoi chemiluminescence method for
detectino bacteria is based on microbial activation of the oxidation
of the luminol monoanion by hydrouen peroxide, See figure 1 for the
general reacti n mechanism, In an aqueous alkaline solution luminol
( S-amino-2,3-dihydro-1,4-phthalzinedione ) is reported to ke in the
form of the mecnoanion which can be rapidly and enercetically coxinized
by hydrogen veroxide in the presence of iron porphyrins containcd
in nicroorqanisms‘. The intermediate products of oxidation could
include free radicals such as hydroxv, luminol, 02-. and lumirol

2. A final roi}ion product, the aminophthalate dianion,

endoperoxide
is formed in an electronically excited state which decomvoses to the
around clectronic state with loss of the excess encray as blut licht
(230 nm). When the reacents are in excess, the intensity of the lioht
has been shown to be proprortional to the concentration of bacterial
porphyrins. Interference by free Fe*‘ has been minimized throuch

use of cthviene diamine tetraacetate (EDTA), a chelating agent which

binds any frec Fo*t,

This chemiluminescence wethed has advantages over even a bio-

luminescence method. Reaaents used in this method are inexpoensive

P — o T, 9



2 .
and remain stable at room temperature., Preparation of the reagent
and the analytical technigue also do not require the degree of care
and manipulation that is needed in the bioluminescence method, Since
cells are lysed upon introduction to the alkaline Juminol solution,
separate steps for lysing, and thus time are not necessary. Compli-

cations due to deterjoration of porphyrins in the presence of lysed

'l

cells are also avoided., Overall, this chemilumirescence method
demonstrates great adaptabpility to field applications in which
adeguate laboratory facilities are not prescnt.

This paper revorts the results of various investications into
the differont parameters affectinag the Juminol reaction. Factors
investigated included the response to a particular porphyrin, hemo-
¢globin; the effect of varié? hydrogen peroxide concentrations; as
wel) as the order of the addition of reactants,

Experimental

Apparatus. The Luminescence 760 Bioweter manufactured by E. 1.
Dupont de Nemours and Co., Inc. was the instrument used to measure
the 1jght emission from the luminol-peroxide react ‘sn. A schematic
dicaram of the svstem can be found in Fioure 2. An information
bulleiin for the insé&mont is reproduced in Appondi; A

Tﬁg Biomcter is a photometer specifically desioned fu- measure-
ment of luminescent reactions, As can be seen in Fioure 2, the svstew
consists of a rotary reaction chamber coupled to a photonultiplior
tube, A section of the rotary chamber is cut out to accomodate a
6-by 50~ mm alass cuvette, Immediately above the cuvette holdoer is

a small injection port through which the sample is injected via




3
ncedle and syvrince, An analog sianal from the photomultiplier tube

is amplificd and utilized to charge a “memory" capacitor. This
desian allows the peak to be accumulated for three seconds and
exhibited in the form of a digital display. the instrument also
provides automatic rance change over five decades to accomodate a
vide range of light intensities. Figure 3 shows a typical response
i Ve . Data‘are presented in terms of peak height (maximum 1joht
intensity), |

Reaaents., The stock luminol solution contained 5,65 x 10"
luminol, 1.5 N NaOi, and 4,46 x IO"GM EDTA. Hemoglobin sample. wvere
prepared from crystalized hemoglobin., Hydrooen peroxide solutions
vere prepared from 30X reagent grade hvdrogen peroxide, Ala reacont s
wvere preparced using distilled water.

Erocedure., A 0.3 ml sample volume was used iq this study. 0.1 m)
of the stock lumino)l mixture and 0.1 ml of the hemoglobin sample -
were pipetted into the reaction cuvette. 0.1 ml of the hydrogen
peroxide was then injected into the cuvette via Luberculin syrinae.
The sample was then assaved with the BDiometer.,

Results and Discussion

Response to llemoslobin Concentration. Fiqure 4 is a plot of

light intensity catalyzed by hemoalobin as a function of zoncentration.

P

from 1.47 x 10™'N to 1,47 x 10”2 N heroolobin,  The response is @i car




throuahout this range.

Hemoalobin concentrations greater than 1,47 x 10'5 M could not

be investigated due to the limited range of the ljgmweter. 10'8 M

hemoalobin proved to be the detection limit,

Effect of Hvdroaen Fe,oxide Concentration. 5.67 x 10'7 M

= — O o o

luminol and an intermediate hemoglobin concentration of 1.47 x 1078 M
vere tested with varying H202 concentrations., The concentrations

tested ranced from ,01% to 5X. Figure 5 illustrates the light emissions
obtained with the respective HZOZ concentrations. A plateau was

reached with values from 0.1% to 1%, with a decline in light emission
prior to and following Lbeso points. Hzo2 concontrations from 1% to

7

5% were then tested with 5.67 x 107" M luminol and a high heroolobin

concentration of 1,47 x 10-6'M. Again, as illustrated by Ficure 6,
maximum licht emission was obtained with 1% H,0,. Adaptability ¢
1% H202 to yield high light emission in .he presence of both hich

and intermediate henoglokin concentrations was demonstrated,

Eifect of Secguence of Addition of Reactants. Three possibilities

regarding the order of addition of reactants to the luminol system
were investigated: 1) hydroaen peroxide added to luminol and hemo=
alobin, 2) hemoalobin added to luminol and hydrogen peroxide, and
3) luminol added to hemoalobin and hydrogen peroxide. Fioure 7

demonstrates that maximum 1light emission occurs when hemoglobin is




5
injected to the luminol and hydrogé; peroxide solution. Minimum
light emission occurs when hydrooen peroxide is injncted.into the
hemoolobin and luminol mixture. A possible explanation for these
results is based on the fact that oxygen rapidly oxidizes Ftt o
ferric hydroxide ( l-‘e((m)3 ). Although the mechanism of aqueous
luminol is not known, it is likely that an intermediate produced

in the oxidation of re**

by dissolved oxygen is the species reacting
with 1uminol3. From this assumption, it can be concluded that some
of the luminol had already been oxidized prior to injection of
hydroaen peroxide. High residual light readinqs.before injection
of hydrogen peroxide correlate with these conclusions; No Yight
producing reaction takes place between luminol and peroxide, 6:
between the hemoglobin and the peroxide. Thus, maximum light
emission is obtained with injection of hemoglobin and luminol,
respectively.,

oxidizina Acent. 1In this experinent,

Effect of 50% Ethanol

o

50%. ethanol was used as the source of the oxidiziﬁq acent rather
than hydrocen peroxide which had foymérly been used. The reason
for this chance of prorcdure is due to the hich oxidation potential
of hvdroacn reroxide which caused a hich liaht emission from the
blank. 7Tt is belicved that by takina advantace of the hicher

solubility o’ o¥voen in an oraanic solvent such as «thanol,




6
the dissolved oxyoen will be sufficient to oxidize the Fe**
c;talyznd Juminol reaction while at the same time kecping the
blank at a relatively low licht level.

Figure €. shows the luminol reaction in the 504 cthanol
solvent to exhibit a linecar response to the hemoalobin concentrao-
tion within 107% +o 1070 N, 1In the cthanol svlvent the detvection
1imit of the hemoulobin concentration was increased to 1,47 x 1079,
This is a ten-fold improvement over the peroxicde system. The

-5 M, after this

maxinum 1imit of detectah)ildity wason the order of 10
point, linearity oreatly decrcased.

Due te the areater sensitivity and Jower blank value, the

ethanol system warrants further investigation.

.[an;ﬂQAI}qua
OF POOR QUAL%B
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lchty Linschitz in "Lioht and Life," W.D., Mc Elroy and
B. Glass, Ed., Johns Hopkins FPress, Bal.imore, Maryland, 1961, 173.

2pmil H. White, ibid., 189,

3H. Rudolf Seitz and David M. Hercules, "Determination of

Trace Amounts of Jron(ll) Usina Chemiluminescence Analysis,"

Analytical Chemistry, 44 No. 13, 2145, (1972).
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Figure 2. Light measuring instrumentation,
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Figure 7
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uminescence biomeler

The Du Pont Luminescence Biometer! is @ semi-automatic photometer for meosurement of bioluminescent and
chemiluminescent reactions. Using the fire’.y luciferose-luciferin reaction for rapid ossoy of odencsine
triphosphate (ATP), it is scositive 1o 10" grums,

Studies vy Du Pont ond Hozleton Laboratories, Inc.? hove shown thot the quontity of cellulor ATP exirocted
from bocterial cells is proportional 1o the totol number of cells, A study of thirteen bacteria species? showed
© ronge from 2.2 10 10.3 x 10" g ATF/cell, ond indicate: that © mean volve of § x 109 ug ATF fccll
could be used for determining total bacteria counts,

The Du Pont system con be opplied to the measurement of vioble bocterial populations in vrine, Mood
food dairy products, water and other research ond industrial applications,

FEATURES

¢ Rapid test procedure: bocteriol count in 10 minutes; ATP
measurement in 10 secends,

» Digitol readout direct in ATP or bocterio

* Semsitive 1o 10" grams of ATP or 1000 bacterial celis

¢ Somple size: normally 10 microliters

s Parollel steip chort record optional

* Auvtomatic compensation for dark current and inherent light

* Auvtomatic ranqing of reodout over five decodes

¢ Biometer performonce cheched by stondord light source

¢ Sample preporotion kits avoiloble for o variety of applications

ITNEGTIROINIININTTES £ 10U FONT OE NEMOUINS & €O (INC ) * INSTRUMENT PHODUGTS DIvVISION » Wit MINGTON. D AW AAE
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Luminol hydrochloride from three recrystallizations of
reagent grade luminol produces a lincar light response for
various hemoglobin concentrations as well as the highest
light emission for a given hemoglobin sample, The detection

' 1imit for hemoglobin is 1,47 x 10" M with the response
lincar up to at least 1,47 x 10°¥ M, Blank levels have been
decreased to acceptable levels and reproducab’lity improvzd
to within 5% varietion, Luminol chemiluminescint Az4cction
of bacteria was achieved within a range of abor . 10" bacteria
per milliliter to the detection limit of about 0¥ bacteria
per milli{iter which is in egrecment with the liverature
findings,

Certain hasic preccedures and operating conditions were reported

in "A Prelirdrary Study of the Luminol Reaction".2 Further refinements

~

of the sysilem were necessary and several problems needed to be solved
before the system could be put into operation as a bacterial detection
system,

The areas investigated and described in this paper include the
determination of the op.imal luminol compound in lerms of puriiy,
linear light response, and maximun light emission, Basic procedural
modifications were necessary to eliminate unexplainably high blank

levels and unacceptable variations in repeated zample assays, Finally

an attcupt was made to test the system as a bacierial detection tool.

3 N.D. Searle, "Applications of Chemiluminescence to Bacterial Aralysis,"
presented at the 2nd Annual Mceting of the American Society for Photo-
biology, July 22-26, 1974, 'niversity of British Columbiua, Vancouver,

B. .
2 R.R. Thoras, "A Prelimirary Study of the Luminol Rcaction," NASA /
Coddard Space Flight Center, 30 Jan 1975,




dpparatug

The Aminco Chem-Glow Photometer, Model J4-7441, shown in Figure 1,
was used througioul this study. The photometer consists of a reaction
chamber mun".ed on top of a protomultiplier microphotoreter, When
the sample is injected into the reaction chamber, the emicted light
froam Lhe luminescen. reaction is reflected to the photomultiplier tube
which converts the lighi Lo corresponding electrical signals, The
signals were then recorded using s.rip char. recorders, Two recorders
were used during the course of the investigation, a Sargent recorder

and a Houston Instrutents integrating recorder.

Procedure
The basic procedure for the assay of a sample included pipe.ting

0.1 ml of 5.0 x 10" M luainol compounc in 1,5 N NaOH and 0,1 ml cf

1% hydrozen peroxide in-o a reaction cuve-te, 0,1 ml of the sauple waue
injecied into the reaction cu.ette via tuberculin syringe and the light
enission of the reaction was measured ty the Chem-Glow Photometer and

recorded on the strip chart recorder,

Results and Discussion

1. Determination of Optimal Luminol Compound

,Six luminol corpounds were studied: (1) reagent grade luminol,
J.T. Baker Chem, Co.; (2) luminol lwdrobro'midc #1, prepured by recrys-
tnlliia tion of the reagent grade luminol in concen.rated hydrobromic
acid; (3) luminol-HBr #2, prepared by two recrysiallizations of tie
reagent  rade luminol; (4) luminol hydrochloride, prepared by acidifying
(with hydrochloric acid) an alkaline solution of luninol-HBr #2 in water
and acetone; (5) the sodium salt of luminol; and (6) sodium lumiol

prepared by M.M, Rauhut,
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As shown in Figure 2, the luminol:NC1 exhibited the best linear
response to hemoglcbin samples within a range of 1.47 x 10" M to
1.47 x 10" M, Overall, the maximum light response was also exhibited
by this compound, It should be noticed that a new ninimum limit of
detection for a hemoglobin sample was established by the luminol-HC1,
The new detection 1limdt is 1,47 x 16' M hemoglobin compared to the
detection 1imit of 1.47 x 10°" M previously established in "A Prelimin.

ary Study of the Luminol Reaction,"

II, Procedural Mcdifications

In an effort to decrease blank levels, it was observed that impur-
ities contained in the injection syringe contributed to high light levels
of blanks., By rinsing the syringe in 0.1 M EDTA, the blank ievels can
be significantly decreased, !

Reproducability dees not scem to be signil‘icantly affected by the
measurement of total light erission &s opposed to the peak light
emission of the luminol reaction, Mixing the reaction solution,
luninol solution and nydrogen peroxide, does however greatly affect
the reproducability of the light endssion for a particular sauple, A

homogencous mixture cf tre luminol and peroxide solutions inmproves the

reproducavility to within a 5% variation.

I11I. Applications to Bacterial Detection

A sample containing approxinately 10° tacteria per m (E. Coli B)
of nutrient broth was detected using the luminol reaction system. The
detection limit for the system was found to be approxinaiely 10°¢

tacteria per ml of nutrient broth, This is t'c approximate range and

3 Determined by vieual inspection of turbidity by Rev. James T, Maier,
S8.J., Assistant Protessor of Bioleyy, Loyola College.

e




detection limit found by N,D, Searle,
‘ Much work still needs to be done in this area of the application
of the luminol system to the detection of tacteria, In the future,

most of the investigations will be in this direction,

cknowledrerent,

The research described here was carried out in the laboratories
of the Department of Chemistry of Loyola College, Baltimore Maryland.
The author wishes Lo thank NASA / Goddard Space Flight Center for the
use of their equipment and special thanks to Dr, David F, Roswell for

his advice and assiclance,

e




REACTION
CHAMDBER

!lmr,ﬁf——
\ l],-csu. HOLDER

e
WS LEVER
{ _(SHOWN IN LOADING POSITION)

MICROPHOTOIVIETER
- R

; .MM".~

- ———————

/~ =

| | A P

! N S, "2 l

! o Ny - S~ ol

:’ * ‘;‘{2' .: %‘L."‘/ )

!r I('llq‘ \: st g
[ —— Y 1
; & N%‘\.-.».—
i POVE
I O Juiriega

. | ‘ i g "O.‘u.'.[ :".\:;v 1 )

i « ¢ L 1
| f \ w, d ol X e

T T 0o . '\"' : o,
,\.* £ o o ot ) (X

) \ [T ot
e "\_;/\ J o Xy ’//
E ‘Tw '

otometer,

Figure 1. CHEM-GLOW Ph

ORIGINAD pa




Relative Light Units

Figure 2, Graph of light emissions from various luminol compounds
vs. hemoglobin concentrations,
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