Phenotypic diversity among
Cronobacter Spp. (formerly
Enterobacter sakazakii)




| would like to thank Carol, Shea and the Societydr General Microbiology for the invitation to cometo
this First international meeting on Cronobacter. This is my first time in Dublin. Thus far | have
enjoyed the sites, the scientific exchange and Idk forward to the experiences that the next few
days will bring.

What | would like to do today is describe to you thehenotypic diversity among the various
Cronobacter species:

1) In doing so | thought that the best way to do tis was through the eyes of analyst.
The first thing that an analyst will have is a foodsample that may contain Cronobacter.

Generally they would have method that they will us¢o analyze the food. Throughout the next couplefo
days there are several talks and posters on isolati methods so | am not going to spend any time
describing the various methods but | just want to bing across the point that phenotypic diversity of
this organism does play a role. None the less aofbsample comes and the analyst has a method to
use.

It has been our experience that such food sampleslg come into the lab on a Friday at 4:00PM and
since we are in the land of Murphy or OMurchadha. Isense that this occurs in a similar fashion
here in Ireland as well.

In this example, the food is infant formula and wha Mahendra Kothary, Laurenda Carter and | did
was to spike the infant formula with about 10 Cfu/nh of representatives of the various Cronobacter
spp. and then after a 6 h enrichment in BPW we useal magnetic-capture procedure that was
developed by Niall Mullane in conjunction with the Matrix Microscience Group. The captured
organisms were plated onto the chromogenic selectiagar EsPM.

Now what does an experiment such tell us:

1) Irrespective of the fact that this type of expament is like a golf swing where a 100 and 1 thingsan
go wrong, | think what the results show: a) All ofthe different species can be captured using the
procedure

b) but some of the strains were not captured at theame level as others and represents
phenotypic diversity



The next thing the analyst is faced with is the picking ahisolation of colonies off of the selective and differentiglates.

In the previous example we used the Chromogenic agar EsPM. igan the bottom right of the slide are colonies growing on tis
medium. You can see that there are two different typesf colonies both expressing the correct chromogenic reaction.

Jim described these colonies as Type A and B. Type A colobeing the scalloped edged colony and B being the smooth edige
colony We now know that these colonies represent a phenotyget is term rugosity and is related to their ability to differentially

express either curli fimbriae and or extracellular cellulose(Z0ogaj, X., W. Bokranz, M. Nimitz, and U. Romling.
2003. Production of cellulose and curli fimbriae by members of the family
Enterobacteriaceae isolated from the human gastrointestinal tract. Infect. Immun. 71:4151-4158.)

Rugosity has also described in Salmonella and E.coli and Is terghenulticellular behavior of colonies.

Grim et al. (Grimm, M., R. Stephan, C. Iversen, G.G.G. Manzardo, T. Rattei, K. Riedel, A. Ruepp, D. Frishman., and A .
Lehner. 2008. Cellulose as an extracellular Matrix component present in Enterobacter sakazakii biofilms. J. Food Protection
71:13-18.) of Angelika Lehner’s group ( University of Zurich) have show that the genes involved in cellulose synthesis are
located in two operons. Little is known about the expressiocurli in these organisms (Zogaj et al.).

It is very common to have a mixture of rugose and smooth colonies énsingle culture. Jim described a loop technique wheréé
rugose colony will snap back when touched with the loop. Howewvehat you need to passage a rugose strain you wished you had a
pick axe as your loop because they are tenacious. | see frdme tmany heads that are shaking that you guys know what | am

talking about.

On top of this there are also mucoid expressing variant.

Another phenotypic trait that has been noticed with thes@rganisms is the colony pigmentation. Among Cronobacter strainsoy
see a great difference in pigmentation from what | call a canagryellow to white or at least a non yellow. From the work of
Angelika Lehner, we know that the pigment is due to Carotewid like pigments (Lehner, A., M. Grimm, T. Rattei, A., Ruepp, D
Frishman, G. G. G. Manzaerdo, and R. Stephan. 2006. Cloning amtharacterization of Enterobacter sakazakii plgment genes and
in situ spectroscopic analysis of the pigment. FEMS Micrabl. Lett. 265:244-248 )

In fact, | have tried to give some names to these shades ofigw. | stopped when | realized that my box of crayons ran ouof
yellows. It has been our experience with evaluated over 200ahs that 80% of the strains produce some type of yellow pigemt.



To visually look at the rugose and smooth coloniegSherry Curtis of our group embed
colonies in Histogel and then processed them forltodine blue staining.

Scalloped edge to the top of a rugose colony verghe smooth edge on the smooth
colony. Curtis, S. K., R M. H. Kothary, R. J. Blodgett, R. B. Raybourne, G. C.

Ziobro, and B. D. Tall. 2007. Rugosity in Grimontia hollisae. Applied Environ.
Microbiol. 73:1215-1224.)

Many times we see that the cells making up the ruge colony actually penetrate the
agar surface and develop these foothold like struates.



We know that the rugosity phenotype imparts a numbeof attributes to the cells
besides just changing the colony appearance. It fdeen reported to impart increase
resistance to drying, antimicrobials and it is invdved in biofilm formation.

The top pictures shows the ability of a rugose expssing strain colonizing the inner
wall of a test tube over 19 h compared to its smdofphase variant counterpart

We reported at last years ASM that there are now 8ifferent phenotypes based on
each strains ability to express curli. Cellulose oboth which can be assessed by each
strain’s ability to bind calcofluor for looking for Cellulose expression or Congo red for
looking for curli expression.

Approximately 30% of our strain collection presentas rugose or mixed colony
cultures.



So where is our analyst at this point, Well they hae waded through a myriad of
colonies that possessed a range of pigmentation aappearances and now they are
ready to identify and confirm the organism as a Croobacter spp. One method that
they can choose is to perform an API 20E strip.

Looking at 145 strains including 53 known Cronobater species by API20 E analysis
showed some interesting observations. Let me oriete everyone.

1) All 147 strains were identified as Enterobactesakazakii, however, 11 profile
numbers were used to do so.

2) Using strains given to us that represented eithdim’s biotypic type strains or
Carol’'s Cronobacter spp. we have been able to overy their identities' into this flow
diagram

1) The flow chart was made arbitrarily by going from left to right using the reactions
of the API 20 E strip.

2) | have compared the reactions to strain 29544 ia similar fashion that Jim had done
when he described his biotpic scheme.

The first wobble point or difference seen among thetrains that we see is with the
ornithine decarboxylase reaction, this is followedby citrate utilization, VP reaction,
Indole reaction and ability to ferment inositol andsorbitol.



You can do a similar thing using Vitek 2.0 compact.

We have now looked at over 200 isolates using thé&é&k and have identified 204 of 205
strains as E. sakazakii. The lone strain that wamiss identified was a representative of
Jims Biotype 2 group and it was identified as a Pdoea spp. Where as that same
strain repeatedly was identified by API 20 as E. dae. However, 75 different
Bionumbers were used.

| should also point out that all 205 strains are psitive for the presence of the species-
specific metalloprotease gene target. Using primetlat identify a 350 bp fragment of
ZpX.

This slide represents the reaction outcomes from &53 known strains after reaction
common to all of the strains that were either posite or negative were removed. What
is left are the reaction results that variable amog the strains.

Rene O’Neil of our statistics group took these redis and wrote a SAS computer
program to see if an algorithm could be written tadentify unknown strains to a
Cronobacter spp. level. She was only able to idefyt 150 of the 200 strains. So if any
of you computer geeks out there see another apprdaplease let me know and we can
talk.



For the last two years Mahendra Kothary, Barbara MdCardell and | have been using a
new technique called Phenotypic Microarray with thee organisms.

Describe set up, plates. colors and theory 114edits within 48h.
20 plates, C, N, P,S, Peptides, Osmolarity . pH arahtimicrobials

Growth curves, every 15 min. a picture us taken ofells contained in wells with the
various substrates or environment conditions. Growh is ameasure of how much
cellular respiration (or the production of NADH) occurs and is measured by the
reduction a tetrozolium dye. As the cells multiplymore and respiration occurs, more
dye get reduced.

Ultimately the systems allows you to measure ~ 1144its when you subtract all of the
positive and negative controls.

You can also compare two strains directly.



In doing PM analysis | would argue that everyonean understand what a high
reading means and | think that everyone understands/hat a 0 reading means,
but where we have a hard time understanding is whado values in between 0
and a very high number mean?.

To help us with this we devised an experiment whemge looked at an actual
growth curve over a 48 period and compared it to th rye reaction curve. In
this fashion we determined that



READ POINTS, Describe colors.

Describe the fact that you can convert the data repsented as the area under the
growth curves to a number which then can be downlaed to an Excel spreadsheet and
then you can take this information and conditionaly sort and give the results a color

code or bar marker appearance.
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READ SLIDE
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READ SLIDE. YOU can also present the data in thedrm of traditional table.

Pathoadaption- Tony Maurelli, (MICROBE) of the Uniform Services
University
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This is another way to look at the data.
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Because the PM analysis can not assign therapeukavels of antibiotic susceptibility,
Laurenda Carter and | performed susceptibility tesing using the VITEK.

We looked at 46 Clinical strains that have been isated over the past 35 years. All of
the strains were resistant to Ampicillin & Amp w/Subactam, Cefazolin, Amoxicillin &
(Augmentin), Cefalotin, and Cefpodoxime.

Additionally, BAA-894 (isolated in 2006) matched tis common resistance pattern with
one difference it was also resistant to Cefuroximaketil.

Among the 46 strains there were 11 strains that wervery different. These 11 strains
were obtained from neonates during the years 2003805. In addition to the normal
susceptibility pattern, some of these strains weraso resistant to Cefuroxime or
Cefuroxime/Axetil, Nitrofuratoin, Ertapenem, Imipen em, Cefoxitin.
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Thus in summary | think you can appreciate that with Cronobacter spp. diversity is
the rule, instead of a trend.

That | think you will agree that such diversity hassignificant implications, not only in
understanding bacterial diversity in general, but h understanding survival strategies
of this pathogen as it confronts multiple stressasa the food processing environment
and in hosts.
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