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I. llydrogen Peroxide

It was reported in Report Wo. 1* that sodium perborate produced
a higher peak light response from the luminol reaction than did
hydrogen peroxide., Tt has since been found that on a mele per
mole basis, of all the hydrogen peroxide producing compounds,
sodium perborate, sodium peroxide as well as hydrogen peroxide
all produce the same light response for luminol oxidizing agents.

Figure 1 shows that the peak light response from luminol for a
porphyrin sample is a function of hydrogen peroxide concentration.
Although the peak light responsie varies with hydrogen peroxide
concentration, the total light from a particular sample remains
constant, Because of this, the shape of the curves for various
peroxide concentrations vary from a sharp, high peak at high
peroxide concentrations to lower but hroader curves at lower
concentrations. This combined with the characteristic reaction
rate cuirves for the various luminol oxidizing agents provide

the basis for the reaction rate resolution method for eliminating
intexference.?

Of the three hydrogen peroxide producing compounds used in this
laboratoxry, sodium perborate and sodium peroxide have the ad-
vantage of being relatively stable solids. Sodium perborate
has the disadvantage of having a limited solubility in waterx,
0,1620M = 0.55%. Sodium peroxide is very scoluble in water;
hovever, in addition to producing hydrogen peroxide when dis-
golved, also produces sodium hydroxide. This limits its use

ag a pretreatment since the sodium hydroxide could damage the
bacteria c¢ells. Although it has a limited shelf-life, hydrogen
peroxide is still the most convenient reagent to use for the
luminol mixture. It is recommended that the luminol-peroxide
reagent mixture not be used when over four hours old.3

REPRODUCIBILITY OF THE
ORIGINAL PAGE 18 POOR




Figure 1. Peak luminol light respons 1 X 10" M catelase with varying
! , hydrogen peroxide concentr. .
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II. Hydrogen Peroxide Pretreatment for Eliminating Interference

A technique has been developed for eliminating oxganic luminol
interferences such as catalase, hemoglobin, and other soluble
axtra-cellular porphyring. This mcethod involves a pre-incubition
of the sample with a dilute concentration of hydrogen peroxide

to pre-recact and thus inactivate the organic interforences. 'The
pacterinl porphyrins in the intact cells are protected and only
react with the luminol reagent after they have been ruptured by
ths sodium hydroxide in the luminol mixture.

mable I shows the offect of 0.5% hydrogen peroxide prebtreatment

on several compounds which could interfere with the luminol-
bacteria detection system., The 10 minute pretreatment eliminated
over 90% of the interfering signal from the porphyrin materials.
Figure 2 shows the effect of hydrogen peroxide concentration and
time on a catalase sample. The greatest reduction of signal

takes j*.ace within the first ten minutes of the reaction. Con-
centrations greatoxr than 0.1% are necessary for effective reduction
of intexrference signal.

TABLE I. Effeect of 0,5% Hydrogen Peroxide Pretreatment
{10 minutes) on Luminol Oxidizing Agenks

Reduction of Peak Signal

Hemoglobin 095%
Catalase _ 94%
Extracted Bacterial Porphyrins 974
Potassium Ferricyanide 50%
Cobalt (ous) Chloride 20%
Ferrous Sulfate .0

Figure 3 shows the effoct of hydrogen peroxide concentration and
time on a sample of stationary phase E. coli. At hydrogen peroxide
concentrations less than 1.5%, no significant reduction of response
from E. coli was observed. Table II shows that the age of the
cells has a definite effect on the susceptibility of the cells

to hydrogen peroxide protreatment. Actively dividing cells such

as found in log phase growth are more susceptible to xeduction

by hydrogen peroxide than cells in the stationary growth phase.
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TABLE IX. Effect of 0.5% lydrogen Peroxide Pretreabment:
{10 minutes) on Bacteria.

Reduction of Peak Signal

Growth Phasce

+

‘Statlonary Log

. '
ischerichia colid " 8% 24%
Bacillic subtilis 16% 36%
Pseudomonas neruginosa 43% 40%

Hydrogen peroxide is a more effective oxidant at higher pils.
By raising the pH of the 0.5% hydrogen peroxide pretreatment,
the prcotreatment is slightly morc cffective in elimipating
soluble porphyrin interference while at the same tiwe increasing
the signal f£rom the bactexia. Table IIY shows the effect of
various buffered pH solutions of hydrogen peroxide and theix
offect on catalase and E. coli. As can be scen fxom the table
0.5% hydrogen peroxide bnffered between pH 5.5 and 7.3 is most
effective in eliminating catalase while decreasing the signal
loss from E, coli. While a hydrogen peuoxide pretreatment
bufferad around pil 7 is best for climinating porphyrin intex-
ference and preserving the response from bhacteria, the dif-
ference is not, haowever, great cnough to warrant huffering

the hydrogen peroxide pretreatment on a permanent basis.

TABLE TII. Effect of Buffered 0.5% llydrogen Peroxide
Pretreatment on Catalase and E. coli.

Reduction of Signal After 10 Minutes

1.0"81 catalase E. coli -
ot Buffer ' (log phase)
4.77 Citric acid T9% ' 40%
5.44 Citric acid B3% 27%
7.27 Phosphoric acid 83% 31%
9.19 Roric acid . 87% 414

In gummary, the 0.5% hydrogen peraxide pretreatmoent for a period of
ten minutes is the optimal condition for climinating organic intey-

ference. Over 90% of goluble cxtra-cellular porphyrins can be
climinated usiny this technique.
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IIX. Reaction Rate Resolution

Ag can bo seen from Table I, the hydrogen peroxide pretreatmont
doas not. adequately climinate inoxganie forms of interferenco
for the luminol reaction,

While thera was a 20% reduction of luminol signal from pretreated
cobalt(oug) chloride, no reduction of signal was noticed with
ferrvous gulfate., The ferrous sulfate may have already boon oxi-
dizcd to ferric sulfate when put into solution hefore ussaying
exploining the lack of a reduction in signal., To eliminato
inorganic interferences of the luminol-bacteria system the re-
action rate resolution method described in Report No. 1 must bhe
used.?  Pigure 4 is an illustration of the type of reaction rate
curves obgerved with several luminol oxidizing agents. When used
in conjunction with the hydrogen peroxide pretrcatment, the re-
action rate resolubtion meivhod can make the luminol system more
spacific for bacteria declection.

Table IV is data produced with the luminol flow system while at
the Bocing Laboratory in louston, Texas. The effect of cach
interference elimination wmethod, hoth individually and together,
on several water samples is shown, Overall 984 of the inten-
ference was eliminated from contaminated water samples,

TABLE IV. Luminol Response Following Interference Blimination
g
Technigues.

Relative Light Unitsg

E. coli
Walker Purified Seceded
Deionizad by Reverse Tap  Delonized
Water Osmosin Wator Waleox
1) Wo pretreatment 0.49 17 11 27
2) Ha0p pretreatment 0.40 2.1 3,5 30
3) Reaction rate resolution 0.23 0.83 2.4 37
4) Combination of ) and 3) 0.21 0.30 0.067 19
Overall Reduction '
ef interference signal 574 084 98y {(+181%)
-0 - '
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IV, Flow Systom Configurations

A gchematic diagram of the luminol flow systom is shown in. FPigure 3§.
This asystem incorporates the two methods for eliwinating interference
problems. The hydrogen peroxide pretyreatment allows the sample to
pre-recact the organic interferences and 0.4% hydrogyen peroxide for
a period of 2 minutes. The sample then xeacts with the luminol
reagent (2.5 x 10”4 luminol, 0.1% 1502 and 0.75 N NyOn) for a
period of 10 seconds before reaching the photomultiplier tubae.

This step, reaction rate resolultion, eliminates tho interferonca
from inorganic materials. The peak height is then measured to
debermine the bacteria concentration. Figure 6 shows the luminol
flow system reqponuo to B. coli. 'The functional sensitivity of

the gystom is 1 » 104 B, coli/ml .

the firefly luciferase flow system for detecting bacterial AP
has been constructed according to Figure 7. The flow syskem
incorpervates the optimal extraction and assay methods while ve-
quiring minimum dilution of the sample., The extraction step
requires a 60 second residonce time of sample with 0.1 N nitric
acid and then subsoquent dilution with water. The actual assay
requirxes 0.2 ml of lueciferase. Figuve 8 is an E. coli concentra-
tion curve obtainsd with the {low system using Dubont iuciferase
(1 vial brought up to 3 ml with 0.25M TRIS, 10-2M MgS04 and 1073M
Clelamdd's reagent). The graph compares Lhe response when measuyoed
as p20k height and when the signal is integrated for a period of
60 sccondg, While the sengitivity is the same in botl cases,
about 3 x 105 cells/ml, better lincarity is achieved with the
inte¢rated signal.

The sensitivity of the flow systom is abouk one-half the sensitivity
of the injection gystem. This difiference has beon attributed Lo

the configuralion of the f{low cell. The walls of the flow cell are
much thicker than the walls of the cell used for the injection
system and apparently absorlh some of the light produced in the
reaction.
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f Figure G. Peak light response from various coneentrations of wushed

E. coli using the luminol flow system.
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Figure8 . Light response from various concentrations of washed E. coli
using the firefly luciferace flow system,
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