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8.0 8 Experiments show inactivation

Introduction and Exposure in PET bottles shows:
overview light °
A water may heat up to more than 50 °C

* faecal coliforms are reduced by 3-4 logs
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(-1, 13l Promoted by WHO, but frequently

aqurtic resesrar e

consumers and promoters ask:

Introduction and
overview light
exposure systems
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i-_L.L M Experimental systems used for exposure

Introduction and
overview light
exposure systems

Laboratory
- "merry-go-round"” reactor
- continuous culture reactor

(T, intensity, wavelength etc.
control)

Field reactor
(T, wavelength control)

Field experiments with bottles

K-\ T #8 Laboratory: ,artificial sunlight” in the
.merry-go-round reactor"”
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L. -4 Spectra of used lamps
(corrected for filter solution NaNO,)

Introduction and
overview light
exposure systems 4.0 Hanau TQ718
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for exposure of cells
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culture
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-3 2 3 Field reactor: exposure to sunlight

Control of angle to
sunlight: 90z 2°

Plexiglas cast with

quartz glass front

Introductionand  Temperature control with
overview light circulation water bath
exposure systems

Magnetic stirring

Daily sun irradiation data from BUWAL/NABEL weather station 300m
away at EMPA Diibendorf, fluence calculated for 350-450nm range

K-\ 0 J Average sunlight intensities in Diibendorf
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1) Importance of pre-cultivation | s

2) Importance of using several parameters
simultaneously for assessment of cell viability

3) Use of flow cytometry-based methods in
combination with conventional methods

4) Damage induced by (artificial) solar radiation

Importance of
cellular state
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3) Use of flow cytometry-based methods in
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Sawas...

Importance of
cellular state

Indications in the literature:

microbial resistance to
disinfectants and stress can
depend on growth rate
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Importance of
cellular state

RESISTANT FRACTION (log MNis/Magl

Survival of Legionella pneumophila and
E. coli af ter exposure to 0.75 mg/L
ClO, for 10min (dose = 7.5 mg - min - L)

Increased stress resistance during
slow growth for ClO,

Berg JD., 1987.
Disinfection: The
physiological state of
the test organism. In:
AWWA Seminar on
Assurance of

H“\H Adequate
= - Disinfection, or C-T
B or not C-T, pp.85-99.
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DILUTION RATE {n°})

Figure 5 Effect of dilution rate on sensitivity to & dose of 0.75

mg/1 C107. L.

350C and nutrient-

neumphila {e); E. coli (o). Growth temperature was
Timited for both species. (Bera et al.,, 1985).
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Importance of
cellular state

SODIS literature: What cells were used
in disinfection experiments?

Freguently described in MaM:
“For disinfection experiments a culture of £ co/iwas grown in LB

and harvested in the ............... phase”:
- early exponential - exponential - late exponential
- early stationary - stationary - late stationary...
T
Q
g
=
From Berney et al. (2006) time (h)

AEM 72, 2586-93
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Importance of
cellular state

Increased resistance during slow growth
to SODIS stresses

E. coli MG1655:
Grown in LB, batch, harvested in exponential phase (n=2h')
or stationary phase (u=0Oht), washed 2x, suspended in Evian

log(cfu/cfuy)

time (h)
From Berney et a/. (2006) AEM 72, 2586-93
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Importance of
cellular state

Increased resistance during slow growth
to SODIS stresses

E. coli MG1655:
Grown in LB, batch, harvested in exponential phase (1= 2 h)
or stationary phase (1= O h!), washed 2x, suspended in Evian

and exposed at 20°C to sunlight
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From Berney et a/. (2006) AEM 72, 2586-93
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Inactivation patterns: Shoulder (log-linear),
no shoulder (linear), or biphasic linear?

Sensitivity to UVA irradiation of £ co/iharvested from LB chemostat
cultures at different growth rates
From Berney et al. (2006) AEM 72, 2586-93 £ 7
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0 500 1000 1500 2000
fluence (kJ/m?)

Inactivation curves modelled and statistically assessed with the Geeraerd/van
Impe modelling tool (Geeraerd et al. 2005, Int J Food Microbiol 102, 95-105).
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Extrapolation from Fyy to Fyy etc. is difficult
due to differing inactivation patterns

1
(4]
14
3 2
g 4
-5 detection limit
= o 560 lU.()O 15b0 20‘00
fluence (kJ/m?)
Strain Tao (Min) a0 (k) m 2% Fag (k) m™?)*
E. coli MG1655 182 = 15
5. Typhimurium 187 = 37
S. flexneri ATCC 12022 136 £ 37 |
V. cholerae 01 Ogawa 24+5

biotype E1 Tor

*Fluence was calculated from solar irradiation data for the wavelength
range between 350 and 450 nm.

From Berney et al. (2006) T Appl Microbiol 101, 828-836
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therefore: Standard procedure for

growt of cells used in SODIS experiments

ﬂ@

\‘\

Loop
inoculation

g

Growth to
exponential
phase in LB
medium
ODgy4=
0.1-0.2

Dilution in
fresh LB
medium

g

Growth to

stationary
phase

(18 h after
transfer)

Harvest by
centrifug.

1y

Dilution to
107 cells/ml
in 0.22um-
filtered
Evian

:>O'

| —

Irradiation Determination of
+ culturability
- ATP
* viability
etc.

LB medium: 10g tryptone, 10g yeast extract, 10g
Nacl, diluted to 33% with ultrapure water
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Standard procedure results in good
reproducibility of data for £. coli

Inactivation curve of £ coliexposed to sunlight (350-450nm) on three
different days (@, ¢ ,m) at 37°C.
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Fluence (kJ m™)

From Berney et a/. (2006) J Appl Microbiol 101, 828-836
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...and also for other pathogens

Inactivation curves of £ coli, S. Typhimurium, S.flexneri and V. cholerae
exposed to sunlight (350-450nm) on three different days (®, ¢, ®) at 37°C

Salm. Typhimurium

0

0 ! . .

= -tr ry A * *
= - . L)

- o L]

g — E -2
= 2 4|
g, g
E" —4 E -4
- 5 =t

-6 [ Detaction limit g -6 Detoction limit

7 s 2 s N L : 7 . L s s L :

o 400 800 1200 1600 2000 2400 o 400 BOO 1200 1600 2000 2400
Fluence {kJ m2) Fluence (k) m™?)

oy

-1
52
5]
S -3
<)
= -4
5

-5

. Py L]
-6 Detection limit .
7 " s N . N i 7 s s . s s s
o 400 800 1200 1600 2000 2400 o 400 80D 1200 1600 2000 2400
Fluence (k m™=) Fluence (k) m™?)

From Berney et al. (2006) J Appl Microbiol 101, 828-836
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[y, T4 Applicability of reciprocity law within range
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of natural fluence rates (~50-1000 Wm-2)

1
B N
S 1 g s
Importance of %
cellular state 52 e, TQ718Z1
Lugl E - 'Jh-,"_: u fluence rates:
9 : < e ova  50-500 Wm
.
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Figure 3 Inactivation curves of Escherichia coli exposed to 11 differ-
ent UVA intensities [TQ150: (+) 56 and (W) 91 W m™; TQ718 Z1:
(%) 352, (@) 481 W m™, (#) 542 W m™, (A) 563 W m™2; TQ718 Z4:
(x) 282, (©) 305, (A) 314 and (L) 734 W m™2).
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From Berney et al. (2006) AEM 72, 2586-93

L2t M Today's focus

1) Importance of pre-cultivation

2) Importance of using several parameters
Multi-parameter simultaneously for assessment of cell viability

assessment of
microbial viability
and death

3) Use of flow cytometry-based methods in
combination with conventional methods

4) Damage induced by (artificial) solar radiation

26




K-\ L 38 The principle of flow cytometry

fluorescent stain

(DNA, surface o3
antibody, etc.) OJOS

dlj detector 3:
fluorescence signal 520 nm

flow cell

Multi-parameter
assessment of

microbial viability detector 1: forward
and death scatter 488 nm

detector 2:
side scatter 488 nm

argon laser

488nm

glass capillary

(cell sorting)

o waste

eawag
equatic resserch W ocq

Measuring cuvette (flow cell)

Sample out

*ln

/ “E’

Multi-parameter
assessment of
microbial viability
and death

28
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-G\ .88 Advantages of flow cytometry

fluorescent stain
(DNA, surface

antibody, etc.)

S,

Multi-parameter
assessment of
microbial viability
and death

laser beam
488nm

29

signal
520nm

o’
<

cells

@ total cell count in < 15 minutes
@ up 1o 1000 cells/second counted

@ detects all bacteria, also those
that can not be cultured

@ multi-parameter analysis (multiple
signals from a single cell)

@ automatable

R L M Graphical presentation of the result

Each point is a
signal from an

9 individual cell
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Multi-parameter
assessment of
microbial viability
and death
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propidium iodide
red fluorescent

I

Dead or alive?
A question of the method used 1? _

Sy10®9 culturability
green fluorescent
(structure?)

outef membrane

membrane with live/dead stain

membrane integrity

N-C\. (1§ Viability assessment during SODIS using
plating and live/dead stain

Multi-parameter
assessment of
microbial viability
and death

32
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fluence kJ/n2
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microbial viability
and death
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! uum‘e RN
: 035 02: 1.70%

Viability assessment of £. coli during
SODIS using FCM (live/dead stain)

Temperature only (48°C)

30 /ml 3545/ml

4: 87.53%
- 182570 /ml

1 10
AL1- FL1 -

02:20.31%
. 35540 /ml

¢ 23645 fml

eawag
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Multi-parameter
assessment of
microbial viability
and death
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SODIS using FCM (live/dead stain)

\

Sunlight only (20°C) ™ —

Viability assessment of £. coli during

1000

Q2 1.32%
4250 /ml

log (ctulctuo)

04: 4.40%
14150 /ml

2470 /mi

Q2 0.70%

Q4: 3.25%
11460 /ml

17



N1 2Tl Used “tool kit” for assessing cell viability

and death during exposure to sunlight

SYBR®green

total cell count DiBac,(3)

efflux pump activity membrane potential

EB is pumped
out of energized
cells

cannot enter
cells with
membrane
potential

Multi-parameter
assessment of
microbial viability
and death

Fluorescent glucose
cannot enter analogue (2-NDBG)
intact cells

membrane integrity

35

The “agony” of E. coli during solar stress

120
110
100

100 120

exposure time (min)

-4 CFU -o- Total count -o- EB positiv = ATP

iti i iti L iti From Berney et al. (2006)
- LD positiv ~- Dibac positiv - 2-NBDG positiv Microbiology 152, 1719-29
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The “agony” of E. coli during solar stress

120
110
100

%
o)}
S

100
exposure time (min)
-4 CFU -o- Total count -o- EB positiv = ATP

= LD iti - Di iti -0 2-| iti From Berney et al. (2006)
positiv Dibac positiv 2-NBDG positiv : 2 152, 1719

The “agony” of E. coli during solar stress

120
110
100

%
o)}
S

100

exposure time (min)

-4 CFU -o- Total count -o- EB positiv = ATP

By iti i iti - iti From Berney et al. (2006)
positiv -0~ Dibac positiv. - 2-NBDG positiv Microbialogy 152 1719-29
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The “agony” of E. coli during solar stress

120
110
100

%
o)}
S

100
exposure time (min)
-4 CFU -o- Total count -o- EB positiv = ATP

= LD iti 1 iti . o From Berney et al. (2006)
positiv Dibac positiv 2-NBDG positiv ierobiolocy 162, 1719

The “agony” of E. coli during solar stress

120
110
100

%
o)}
S

exposure time (min)

-4 CFU -o- Total count -o- EB positiv = ATP

=D . : i . it From Berney et al. (2006)
positiv - Dibac positiv.  -e- 2-NBDG positiv Microbiology 152, 1719-29
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The “agony” of E. coli during solar stress

%

100
exposure time (min)
-4 CFU -o- Total count -o- EB positiv = ATP

=D e : i . it From Berney et al. (2006)
positiv - Dibac positiv.  -e- 2-NBDG positiv Microbiology 152, 1719-29

The “agony” of E. coli during solar stress

120
110
100

%
o)}
S

100

exposure time (min)

-4 CFU -o- Total count -o- EB positiv = ATP

- iti i iti K iti rom Berney et al. (2006)
LD positiv —o- Dibac positiv. -0~ 2-NBDG positiv e ‘/1 “iio.
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The “agnoy” of £. coli during SODIS:
Multiparameter assessment of viability

Start | State | State | State
I IT IIT

Culturability + - - —
Total ATP high | low | low | low
Efflux pump > o - —
activity
Repair / recovery + = - -
Membrane potential + -+ - -
Glucose transport * + - -
Membrane integrity | * + -

eawag
equatic resserch W ocq

Membrane
proteins as
primary ftargets

44

Today's focus

1) Importance of pre-cultivation

2) Importance of using several parameters

simultaneously for assessment of cell viability

3) Use of flow cytometry-based methods in

combination with conventional methods

4) Damage induced by (artificial) solar radiation
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Membrane
proteins as
primary ftargets

Experiments suggest:

“something” happens first at
the membrane and energy
metabolism

Is protein damage
responsible (not the DNA)?

eawag

PGUSTIC research L)

Membrane
proteins as
primary ftargets

Little DNA damage from UVA

T-T dimers: UV-C induced T-T cyclobutane rings are detected with specific
fluorescent antibodies in fluorescence microscope. Should be also detectable
in flow cytometer.

No UV (control) uvce UVA

(pictures from C. Bassin)

Pyrimidine




-\ 048 "Aging” of proteins: carbonylation

S 1. Irradiation causes Metal Catalyzed
e Oxidation (MCO) on proline, arginine,
%cowémw lysine and threonine.
i
NH 2. C i
L ell lysis
WOOMCW 3. Derivatization on carbonylated sites
- b
g 4. Electrophoresis and blotting of
oo j}ONH proteins
ca

5. Immunodetection of the hydrazone
bound fo carbonylated sites

Bosshard et al. FEMS Microbiology Meeting, Goteborg, June 2009

K-\ . M Protein carbonylation during SODIS

fluence kJ/m? o
* Increase of carbonylation is detected

controls <& > at very low fluences.
kDa -> rapid carbonylation of 2 protein bands
23 = i -> appearance of a third band at 540
55 — &4 By kJ/m?
;’ 2 3 - -> 3 MW ranges of interest:
26 #== 72- 95 kDa
' 43- 55 kDa
7 3 34- 43 kDa
10 + Pattern is reproducible

-> Carbonylation targets specific proteins

Bosshard et al. FEMS Microbiology Meeting, Goteborg, June 2009
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K=\ M Loss of protein due to SODIS?

AN LU0 (7
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K- \.. 8 Loss of protein due to SODIS?

ANSUURARD AN 2
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250 NS '
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Membrane =
proteins as
primary ftargets 25
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N0\ o Loss of protein | ;
due to SODIS

S8R 5
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-0 L MSMS-assisted protein identification

1. Irradiation of cells
2. Celllysis

3. Electrophoresis,
cutting gel into
slices

4.  In-gel-digestion of
proteins to peptides
for MSMS

5.  Identifying of
proteins by
comparison with
data base

6.  .Quantifying" Y v
proteins by counting 6\'5@ \{_5\& @\& @\‘Q S N
their peptides Q N\ )
i 0{\\,\@ > P & N @

26



B L M MSMS-assisted protein identification

1. Irradiation of cells
2. Celllysis

3. Electrophoresis,
cutting gel into
slices

4.  In-gel-digestion of
proteins to peptides
for MSMS

5.  Identifying of
proteins by
comparison with
data base

6.  .Quantifying"
proteins by counting
their peptides

L Example of fragment moving in gel

A membrane protein of the respiratory chain:
NADH-quinone oxidoreductase subunit 6; size 100 kDa

non-irradiate

>250 kDa

MW in gel sector

10 -
— 9
n® 8
O 7
5
= O 6
o O
O— 5
[®@ M)
w— = 4
O o 3
Membrane — g_

i c 2
proteins as 17,
primary targets ~— 1

0

<25 kDa

27



oo LM Activities of selected enzymes

B oso o o @
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U NG g, el
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S40 g, e
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0 500 1000 1500

fluence (kJ/m2)

Bosshard et al. FEMS Microbiology Meeting, Goteborg, June 2009

LM Activities of selected enzymes

lactate-DH
glu6P-DH
malate-DH
e S a
100 &0 S,
‘._:..‘::."_-:: --------- .. :‘_...‘“‘.

3’9_*80 T ‘ T .
— A 3 LT )
260 - .
B IR W e et s
540 St -
o P I, S . CaPH
- T e e
0 Y . aas il 4criirreciy
0 lcm‘alases 500 1000 SEn
actate-ox
succ-ox fluence (kJ/m2)
NADH-ox

Bosshard et al. FEMS Microbiology Meeting, 66teborg, June 2009
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oo LM Activities of selected enzymes

lactate-DH .

/ glu6P-DH CYTOSO I IC
malate-DH
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Membrane
proteins as
primary ftargets

59

8L M Damage continues... (

Salmonella typhimurium

night breaklléh - 0%h

\_/

7

Culturability
o N OB O @

g 100 1 (c) /*/!
L 80t F
8

5 607

@

N 40 ¢

I

[=]

o

[<+]

]

20 + *
0 .———0——'//ll [s]

1 | | 1

0 1000 2000 3000

=2
Bosshard et al. (2009) Microbiology, 155:1310-1317 Fluence (k) m™)

K-\, (-9 Damage continues during dark storage

Salmonella typhimurium

1500 kJ/m2 ~ . d
- ark storage
(205 W/m2 for 2h)- = 9

8 / i _—

Cprrrv— v © < | 100 &

=z 6 Se . o

£ "-\ plating 80 3

g 4 -— \\ T 60 _8
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3 2+ \ 10 =
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< 60 e | 6801 o 3 E
@ — o O
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Bosshard et al. (2009) Microbiology, 155:1310-1317
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Take-home
messages

61

Take-home messages

1) SODIS works (‘-:u

2) Sensitivity of microbes is dependent on
growth conditions (-> reproducibility!)

3) Combination of methods should be used to
assess microbial viability/death

4) Primary target of sunlight is protein, inner membrane
proteins are damaged first, most likely by
ROS generated at the respiration chain

5) Damage continues after exposure, seem not to
be able to repair damage

eawag
PGUSTIC research LD

Take-home
messages
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Thanks!

Michael Berney
Hansueli Weilenmann
Franziska Bosshard
Martin Wegelin
Regula Meierhofer
Frederik Hammes
Silvio Canonica
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Deviations from light dose reciprocity appearing with
t intensities of artificial UVA light irradiation in comparison
, low-intensity iradiation with sunlight, shown for the

plity of Sh. flexneri. Bacterial cells were harvested from the
ry phase of an LB batch cullure, washed three times and
in bottled mineral water. C.fu. were measured by pour {
and sensilivity was recorded as c.fu./(c.fu. at time zero).
tal dashed lines indicate the detection limits. Lines
nt modelled inactivation curves with the program GinaFIT
brd et al, 2005). Empty diamonds (<) represent averaged
. (a) Adificial UVA light was applied at the following
fes: %, 163 W m™ @, 332 Wm™ O, 370 Wm™; B,
m% +, 732 Wm0, 786 W m™; -, 802 W m™; A,
m~2 and A, 1315 W m™2. (b) Sunlight irradiation on three
t days in biologically independent triplicates: x, @ and

ugust 2006; M, + and O on 31 August 2006; -, & and &
uly 2006.
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Irradiation shifts many different proteins.

-> Aggregation targets a wide range of

eawag
equatic resserch W ocq

72

Mirobioibgy (2006), 152, 1719-1729

DOl 10.1099/mic.0.28617-0

Flow-cytometric study of vital cellular functions in
Escherichia coli during solar disinfection (SODIS)

Michael Berney, Hans-Ulrich Weilenmann and Thomas Egli

Fig. 1. Vablity indicatons (eorescence sians) appled in combination with flow cyfometry and ther function in £ cof
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The number of identified proteins increases 7-fold during irradiation!

...where do they come from?

73

S DIS

Salar Water Disinfection

SODIS — application
« needs little infrastructure

« prevents diarrhea

SODIS - effect
 improves microbiological water quality

« by solar UVA light and temperature

SODIS - limitations
« turbid waters

» bad chemical water quality
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When analysing gels by MSMS, we found some proteins
with a higher molecular weight than expected. These shifts
based on aggregation damage to the proteins were repro-
ducible. Proteins with this behaviour are depicted for their

cellular function
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,."ﬁ 10%
translation / > Ad
8% / dagradation
{ ,/ &
L )
—a transcnption
S%
glycolysis
5%
chaperones
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2 3% DMA-repair
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Detection limit
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Fluence {kJ rn‘z)

Fig. 2. Inactivation curves of E. coli K-12 MG1655 exposed to
artificial UVA light in three independent experiments (A, H, 4).
Bacterial cells were harvested from a stationary-phase LB batch
culture, washed and diluted in mineral water (Evian). Initial cell
numbers in these experiments were 1:7—1-9x 107 cells mi™"
Culturability of bacterial cells was measured with the pour-plate
method using TSA.

eawag
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log (e.fu. mi)

"

q ﬁ Below detection limit

3 4 5 [
Exposure time (h)

78

Fig. 3. Culrability of E. colif K-12 MG1655
during sunlight exposure for 7 h. Bacterial
cells were harvested from a stationary-phase
LE batch culture, washed and diluted in
mineral water (Evian). Samples were plated
either on unsupplemented TSA (pour-plate
method) and incubated under aerobic condi-
tions (open bars), or on TSA with 0:05%
sodium pyruvate and incubated in anaerobic
jars (grey bars). Errar bars represent SD from
triplicate measurements.
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Fig. 5 Fow-cpomette analsis of £ coff K-12 MG1855 imadisted with arificial IWA light Bacterial cols wern harvesind
fmm a stafonary-phass LB batch cutum, washed and diuted in mineral water (Evian). Bacterial ol samples were stinad
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Importance of
multi-parameter
assessment and
use of flow
cytometry

81

An easy task: Counting bacterial cells
(SYBRGreen-stained)

bacterial cells in bottled

mineral water (Brand C)
1000

Rz

630nm

“ bacterial
cells

Red fluorescence from SYBRGreen

1 10 100 1000
520nm

Green fluorescence from SYBRGreen
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Importance of
multi-parameter
assessment and
use of flow
cytometry
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Flow cytometry detection limit: how low
can you go?

Bacterial concentration (cells/ml)

Reliable detection limit = 200 cells/mL

percentage of bottled mineral water (%)

Hammes et al. (submitted)
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Importance of
multi-parameter
assessment and
use of flow
cytometry
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Staining options: cellular constituents and
physiological properties

SYBR®green

total cell count DiBac4(3)

membrane potential

\""" cannot enter

efflux pump activity

EB is pumped
out of energized

: lls wi
cells proteins 2 cells with

membrane
potential

DNA

esterases
DMFDA

RedoxSensor™

reductase activity cannot enter CMFDA
intact cells esterase substrate

membrane integrity
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Staining options: cellular constituents
with fluorescent antibodies or probes

covalently linked

N‘ __~ fluorescent molecule

’f ‘ - I/ specific antibody
. \ 7 & binding component

/
/\/\/Y%‘—‘@A/\:

> s
S —

v

specific surface antigen

fluorescence microscopy of
Cryptosporidium oocyst

conventional microscopy of
Cryptosporidium oocyst
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M lysate after fp and centrifugation (20min)

M lysate after fp and centrifugation (80min)
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Inactivation synergies of heat and light

100000

Water Temperature 50 C 30°C
Inactivation effect of effect of

10000 - --

Faecal Coliforms [CFU/100mi]

Fluence UV-A [Wh/mz2]

30°m
508

}

temperature 30”4 | temperature only
and sunlight 50° A [ (dark controf)
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Importance of
cellular state
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Increased stress resistance during
slow growth for ClO,

< or
=
R
3 + D = 0.06-0.2/h
2 2 Berg JD., 1987.
2 Disinfection: The
e physiological state of
) the test organism. In:
< 4 . AWWA Seminar on
> i Assurance of
g s £ Adequate
D = 0.40/h 3 Disinfection, or C-T
&L \ Se or not C-T, pp.85-99.
D = 0.69/h
1 1 e | L |
-t 100 10! 10?2

RESIDUAL = TIME (MG-MIN/L)

Figure 4 Inactivation of naturally occuring fecal coliform bacteria
by chlorine dioxide in filtered secondary-treated wastewater from
Palo Alte, CA (A) and San Jose, CA (B), represented by (*) and
yielding the regression lines. Chemostat-grown E. coli data are
identified numerically with the_following growth conditions: 1: D =
0.06 h~1, 159C; 2) D = 0.20 h =1, 159¢; 3) D = 0.06 h=1, 250C; 4) D =
0.20 h-1, 250C; 5) D = 0.40 h=1, 25°C; 6) 0.69 h=1, 250C. Sp = 0.16%
nutrient broth in all cases. Fecal coliform data (*) from Roberts et
al. (1980).
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Overview of work done & in progress (1)

Effect of growth conditions before
exposure on disinfection efficiency s
with different bacterial pathogens
(E. coli, Salmonella typhimurium, ,{—xﬁ\
Shigella flexneri, Vibrio cholerae) u

APPLIED AND ENVIRONMENTAL MIcroploLoGy (2006) 72, 2586-2593
Specific Growth Rate Determines the Sensitivity of Escherichia coli to
Thermal, UVA, and Solar Disinfection

Michael Berney, Hans-Ulrich Weilenmann, Julian Thssen, Claudio Bassin, and Thomas Egli*

Journal of Applied Microbiclogy 101 (2006) 828-836

Etficacy ot solar disintection ot Escherichia coli, Shigella
flexneri, Salmonella Typhimurium and Vibrio cholerae

M. Berney, H.-U. Weilenmann, A. Simonetti and T. Egli
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... 3 Overview of work done & in progress (2)

Assessing disinfection efficiency
with different methods and better
insight into “cell injury” and
“cell death”

Microbiology (2006), 152, 1719-1729
Flow-cytometric study of vital cellular functions in
Escherichia coli during solar disinfection (SODIS)

Michael Berney, Hans-Ulrich Weilenmann and Thomas Egli

APPLIED AND ENVIRONMENTAL Microsiotocy (2007) 73, 3283-3290
Assessment and Interpretation of Bacterial Viability by Using the
LIVE/DEAD BacLight Kit in Combination with Flow Cytometry”

Michael Berney.' Frederik Hammes,' Franziska Bosshard,'
Hans-Ulrich Weilenmann," and Thomas Egli'**
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Overview of work done & in progress (3)

Investigation of cellular processes and
ability to repair and adapt to
light-induced cell damage

Environmental Microbiology (2006) 8(9), 1635-1847
Gene expression of Escherichia coli in continuous
culture during adaptation to artificial sunlight

Michael Berney, Hans-Ulrich Weilenmann and Thomas Egli*

Journal of Photochemistry and Photobiology B: Biology 86 (2007) 149159
Adaptation to UVA radiation of E. coli growing in continuous culture
Michael Berney, Hans-Ulrich Weilenmann, Thomas Egli *
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Recovery /

repair after 4 days

2.5E+07
200407 . pNB 2 " @
15E:07 [ Mlame @ PSS
=
(18
(&]
10E+07 i NN W . @
5-0E+06 - 25%  0.09% 0.05%
0.0E+00 -
0 20 40 50
exposure time (min)

I CFU right after exposure

B CFU 4 days after exposure

eawag
PGUSTIC research LD

in bacteria: recognition

Role of sigma-factors in transcription

of specific promoter

regions

mehihane 1 . Initiation‘leﬂnlnuhe

s——— 3
L
- 2 n
S v L =1 Gone | s
_ ANA polymerase
[core enzyme}  Sigma aids in
recognition of
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g initiation site J
5 e 3

o e il
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,3. Termination

Transcription begins;
sigma released
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K-\, ;-3 Role of sigma-factors in transcription
in bacteria: recognition of specific promoter regions

RNA polymerase (core enzyme)

(2x o, B, B’ subunits)

Txanscription

mRNA start (mostly A,6)

\
\
convention: y 5-9bp
- \ . P 1 f—L
written 5' 2 31 35 0 Io
2.
3.
4.
5.
6.
-35 sequence Pribnow box
Consensu:

Promoter sequence

Promoter - site where RNA polymerase binds
- only 1 strand of the DNA is transcribed
% - important site for regulation of gene expression

i-C). 98 Global control by alternative c-factors

E. coli o-factors:

c’0 oP rpoD  housekeeping sigma factor
¥ ot rpoH  .heat shock" gene regulation
% ot rpoE  envelope stress genes

o38 o> rpoS general stress response genes
28 of fliA  flagellar chemotaxis genes
o4 oN rpoN nitrogen assimilation genes
.. ofecT  fecI  iron citrate uptake genes

General "stress response” sigma factor confers protection against:

- H,0; and oxygen radicals - desiccation

- acid and basic pH - osmotic stress

- ethanol - heat

- cold - biofilm formation

- virulence factor control - programmed cell death

- and cross-protection!
RpoS seems to be the "master regulator” for controlling a complex
o regulatory network.
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Summary and future direction

A range of methods is now established in the lab for identifying
the damage at the single cell level (many of them based on flow
cytometry)

The “agony" of £. coliduring solar stress has been demonstrated
to start at the cytoplasmic membrane level and the energy status

A dose of 1500 kJ m2 solar UVA (corresponding to 530 W m2
global sunlight intensity for 6 h, which is reached in most areas
easily) is sufficient for safe inactivation of enterobacteria

and for the future..

Confirming the sequence of damage seen in £. coli for pathogens
(Vibrio cholerae, Salmonella, Shigella strains)

Identifying the major mechanism of damage at the molecular
level in the different phases, confirm that it is identical in the
different pathogenic enterobacteria
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Summary and future direction

A range of methods is now established in the lab for identifying
the damage at the single cell level (many of them based on flow
cytometry)

The “agony” of £. coliduring solar stress has been demonstrated
to start at the cytoplasmic membrane level and the energy status

A dose of 1500 kJ m2 solar UVA (corresponding to 530 W m2
global sunlight intensity for 6 h, which is reached in most areas
easily) is sufficient for safe inactivation of enterobacteria

and for the future.. (some examples)

Confirming the sequence of damage seen in £ coli for pathogens
(Vibrio cholerae, Salmonella, Shigella strains)

Identifying the major mechanism of damage at the molecular
level in the different phases, confirm that it is identical in the
different pathogenic enterobacteria
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Indications in the literature:

microbial resistance to
disinfectants and stress can
depend on growth rate
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Detecting damage: DNA

.Any damage" to DNA (other than T-T dimers) that is repaired results
in ss-DNA with free 3'-OH ends that serve as free ends for new
DNA synthesis. These ends are enzymatically labelled with dUTP-
fluorescein isothiocyanate.

Terminal desoxyribonucleotide transferase mediated dUTP nick end
labelling (TUNEL) method used routinely for apoptosis detection. It
has been applied to bacteria (Rhower & Azam, 2000, AEM 66:1001)
and measured by flow cytometry.

E. coli

-
1

Hydregen Peroxide
Treated
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Detecting damage: protein

Oxidative protein damage results in carbonylation of some

amino acids (-C=0).

Carbonylation assays: R-C=0 side chains are drivatized with
commercial kit to 2,4-dinitrophenyl hydrazones and
then detected using 2,4-DNPH-specific antibodies.
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Detecting damage: membrane

- Lipid analysis (FAME), e.g., epoxide formation at unsaturated

untreated E£. coli K12 cells ’

fatty acids)

sy E- coli K12 cells after 4 h UV with 0.05 g/I TiO,
o0 ~C12
10000 l

o . '\__]!.
o000 ]
- 20000
30000

(data from Gottfried Dasen)

T T
mn rr) iy

Retention
time
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Survival of different £. coli mutants in sunlight

(sensitive to reactive oxygen species or general stress response)

log (cfu/cfw)
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From Berney et a/. (2006) AEM 72, 2586-93
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