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History

Presence of coliforms and fecal coliforms in food and water samples is
considered an indicator of fecal contamination. Escherichia coli is a
member of the fecal coliform bacteria, and traditionally the presence
of E. coli in any tested sample is taken as indication of fecal
contamination.

Escherichia coli (EC) medium was first introduced by Hajna and Perry
(12). EC medium consisted of a buffered lactose broth with 0.15% bile
salts no. 3 and was used for testing water, milk, shellfish, and other
material for evidence of fecal contamination. EC medium was shown to
be excellent for the isolation of coliform bacteria at 37°C and of E. coli at
45.5°C (19). Feng and Hartman (9) developed EC medium with 4-
methylumbelliferyl-B-D-glucuronide (MUG) for rapid screening

of Escherichia colidetection. They incorporated MUG in lauryl tryptose
broth (LTB) at a final concentration of 100 pg/ml. LTB is very similar to
EC medium in terms of its components, however, LTB was developed by
Mallmann and Darby to have sodium lauryl sulfate added to it for the
purpose of detecting coliform organisms in food and dairy since this
chemical is known to be selective but not inhibitory for coliforms

(5). Moberg (18) reported that a MUG concentration of 50 pug/ml
provided the same intensity of blue fluorescence as the 100 pg/ml MUG
levels. Koburger and Miller (15) recommended EC broth with MUG to
test contamination in shellfish.

Approved by the U.S. Environmental Protection Agency (24), 4-
methylumbelliferyl-B-D-glucuronideEscherichia coli broth medium (EC-
MUG) is an effective and rapid method for detection and verification of E.
coli in food, water, and environmental samples.

Purpose

In this protocol, we will emphasize using EC broth and EC agar media
with MUG for E. coli detection in water samples. Conventionally and still
practiced in many places, the Standard Analysis of Waterwhich

includes the Most Probable Number (MPN) has to date dominated the
scene of coliform and fecal coliform bacterial tests in water samples (3,
16). The Most Probable Number test is quantitative and can be
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determined from the result of the presumptive test (16).

EC broth and agar media with MUG is best suited for confirmatory testing
of the presence of E. coliafter a presumptive positive result for fecal
coliform bacteria.

Theory

The enzyme R-glucuronidase (GUD) was first recognized in E. coli by
Buehler et al. (1). About 96 to 97% of E. coli strains contain GUD
enzyme (13) that is capable of hydrolyzing the colorless substrate MUG
to yield a bluish fluorogenic product 4-methylumbelliferone (MU) that
fluoresces under long wave UV light (366 nm) and can be easily
visualized in the medium or around the colonies. MUG is neither
inhibitory nor stimulatory to the growth of E. coli (22).

EC medium contains tryptose as a source of nutrients and lactose as the
carbon source (fermentable carbohydrate for coliforms). Bile salts no. 3
is the selective agent against gram-positive bacteria, especially bacilli
and fecal streptococci. Dipotassium phosphate and monopotassium
phosphate are used as buffering agents to control the pH in the
medium. Sodium chloride helps to preserve the osmotic balance of the
medium (4).

In addition to growth response and acid and gas production, addition of
MUG to the EC medium provides another criterion to determine the
presence of E. coli in water samples. The presence of fluorescence is
considered to be a positive E. coli test (9, 21). E. coli-negative samples
are identified by lack of fluorescence within 24 hours and require no
further testing (18). About 5% of the known strains of E. coli that are
anaerogenic (do not produce gas) (6) can be detected due to the bluish
fluorescence. Fluorescence observation is more sensitive and efficient
than gas production for detection of E. coli.

Some other enteric bacteria, e.g., a few species of Salmonella, Shigella,
and Yersinia, are also known to have the GUD enzyme
(7, 8, 17, 18, 20, 21) and therefore the ability to produce fluoresecence,
but none resulted in the production of blue fluorescence in more than
1,400 samples evaluated in a study by Moberg (18).
RECIPES (4, 5)

EC broth medium with MUG (g/liter)

Tryptose or trypticase 20.0

Lactose 5.0
Sodium chloride 5.0
Bile salts mixture or 1.5

bile salts no. 3

Dipotassium hydrogen 4.0
phosphate (K,;HPO,)
Potassium dihydrogen 1.4
phosphate (KH,PO,)
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4-methylumbelliferyl-R3- 0.1
D-glucuronide (MUG)

Dissolve dehydrated powder of the EC broth medium with MUG per label
directions (37.1 g in 1 liter of purified water). Mix thoroughly, warm
slightly to dissolve completely. Transfer 10 ml of the medium into each
fermentation tube, which contains a small inverted Durham tube inside it
(10). Close all the fermentation tubes with heat resistant

caps. Autoclave all the tubes at 121°C for 15 minutes at 15 psi. After
sterilization, the pH of the solution should be 6.9 + 0.2 at 25°C. The
inverted Durham tubes inside the fermentation tubes should be free of
any trapped air bubbles. The prepared broth is clear and can be light to
medium gold in color.

The prepared EC broth medium with MUG can be stored in the
refrigerator for up to 3 months in screw cap tubes (24). The stored
medium should be incubated overnight at 35°C before use.

EC agar medium with MUG (g/liter)

Tryptose or trypticase 20.0
Lactose 5.0
Sodium chloride 5.0
Bile salts mixture or bile 1.5
salts no. 3

Dipotassium hydrogen 4.0
phosphate (K,HPOQO,)

Potassium dihydrogen 1.4

phosphate (KH,PO,)
4-methylumbelliferyl-R3-D- 0.1
glucuronide (MUG)

Agar 15.0

Dissolve dehydrated powder of the EC agar medium with MUG per label
directions (23.1 g in 1 liter of purified water). Mix thoroughly, warm
slightly to dissolve completely. The pH of the solution should be

6.9 + 0.2 at 25°C. Autoclave the medium at 121°C for 15 minutes at 15
psi. After sterilization, fillpetri plates with the sterile liquid agar medium
(approximately 20 ml per plate) and let agar medium properly solidify
before use. The prepared agar in each plate is clear and can be light to
medium gold in color.

The prepared media can be stored in the refrigerator for about 2 weeks
(24). The stored medium should be incubated overnight at 35°C before
use.

PROTOCOL (4, 23)

When drinking water samples are tested, EC broth and agar media with
MUG are typically used as verification means to indicate whether there is
any E. coli contamination in the samples (whether the positive results

showing coliforms and fecal coliforms are confirmably E. coli).

EC broth medium with MUG
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Inoculation. Aseptically transfer 1 ml of the liquid from the positive
presumptive tube to the fermentation tube containing EC broth medium
with MUG. In the case of positive presumptive growth on the surface of
an agar plate, transfer the distinct colony (demonstrating green metallic
sheen on M-Endo medium or on eosin-methylene blue plates) to the EC
broth medium with MUG. Prior to incubation, Durham tubes should be
checked for any trapped gas bubbles, since trapped bubbles may lead to
false-positive readings.

Incubation. Within 30 minutes of inoculation, incubate the inoculated
EC-MUG broth tube(s) in a water bath at 44.5°C = 0.2°C for 24

hours + 2 hours. The water level in the water bath should be maintained
to cover the uppermost level of the broth medium in the fermentation
tubes. Please note that incubation temperature can be set either at
35°C + 2°C or 44.5°C + 0.2°C, however, 44.5°C +0.2°C is recommended
for detection of thermophilic fecal coliforms and should be done in a
water bath since it is recommended in the standard protocol to be done
in a high humidity environment. A dry incubator may be used with a wet
towel or cotton as a source of humidity but there could be a wide
temperature swing in the dry incubator.

Interpretation of Results. Development of turbidity in the
fermentation tubes and presence of gas in the Durham tubes within 24
hours = 2 hours of incubation at 44.5°C =+ 0.2°C are considered positive
evidence of fecal coliforms in water samples. Presence of growth
(turbidity) and a bright blue fluorescence under a long-wave (366 nm)
UV light (with or without the production of gas) are considered
confirmatory for the presence of E. coli (11) (Fig. 1, 2, and 3).

American Society for Microbiology © 2016 4
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FIG. 1. Growth of E. coli in EC-MUG broth observed (A) under UV light
and (B) without UV light. (A)under UV light and (B) without UV light.
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FIG. 2. Growth of Bacillus sp. in EC-MUG broth observed
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FIG. 3. Growth of Enterobacter aerogenes in EC-MUG broth
observed (A) under UV light and (B)without UV light.

EC agar medium with MUG

Inoculation and incubation. Aseptically transfer 1 loopful of the liquid
from the positive presumptive tube to the EC agar with MUG plate. Use
the four-way streaking technique to inoculate a loopful of the liquid onto
the prepared plate of EC agar media with MUG. Incubate the plate for 18
to 24 hours at 35°C + 2°C.

Interpretation of results. To observe for fluorescence following
incubation, the agar surface or agar plate is exposed under the long-
wave (approximately 366 nm) UV light. Positive MUG reactions exhibit a
bluish fluorescence around the periphery of the colony. Typical strains
of E. coli exhibit blue fluorescence on the EC agar medium with MUG,
while non-E. coli coliforms do not fluoresce (Fig. 4 and 5).
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FIG. 4. (A) E. coli and (B) P. aeruginosa on EC-MUG agar medium
observed without UV light.

™
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FIG. 5.
(A) E. coli and (B) P. aeruginosa on EC-MUG agar medium observed
under UV light.

Inoculated EC-MUG broth tubes and agar media should be examined
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under long-wave UV light in the dark. A 6-watt hand-held UV lamp
should work well but if using a more powerful UV lamp (such as a 15-
watt fluorescent lamp), protective glasses or goggles should be worn
(11).

Apart from gas production, growth at 44.5°C can be used to
distinguish E. coli from some strains

ofSalmonella, Shigella, and Yersinia that produce GUD. With the
possibilities of false-negatives and false-positives, further biochemical
tests such as the indole test and ortho-nitrophenyl--D-
galactopyranoside test are recommended for complete identification.

False-positive results by some strains of Salmonella, Shigella,

and Yersinia in E. coli analysis may be easily eliminated by an indole
test. While E. coli is indole positive, other enterics are indole negative
(2). To prevent the indole false-positive results with Yersinia
enterocolitica with 50% of the strains being indole positive (25), eosin-
methylene blue agar can be used to distinguish between E.

coli andYersinia enterocolitica.

To ensure correct results interpretation, it is recommended to use E.
coli control cultures to confirm a positive result and use the negative
ATCC control culture of Enterobacter aerogenes and an uninoculated
control to confirm a negative result (23).

SAFETY

The ASM advocates that students must successfully demonstrate the
ability to explain and practice safe laboratory techniques. For more
information, read the laboratory safety section of the ASM Curriculum
Recommendations: Introductory Course in Microbiology and

the Guidelines for Biosafety in Teaching Laboratories.

COMMENTS AND TIPS

1. Prior to use in MUG assays, all glassware should be checked for
autofluorescence. Some glassware contain cerium oxide for quality
control measures and fluoresce under UV light and interfere with the
MUG test (13). To prevent false-positive results, nonfluorescent
borosilicate glassware should be used.

2. When it comes to UV light penetration either through the glass
tubes or plastic plates, levels of penetration totally depend on types of
glass and plastics, thickness of the glass and plastics, and also
wavelength and length of exposure. In this study, we used typical glass
test tubes and clear plastic petri plates when photos were taken.
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