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B Reaction Distribution by Subsystem

Carbohydrate Metabolism

Inner Membrane Transport

Outer Membrane Transport

Lipid Metabolism

Cell Wall/Membrane/Envelope Metabolism
Cofactor and Prosthetic Group Metabolism
Amino Acid Metabolism

Mucleatide Metabolism

B Core
[] Pan

For 55 unique E. coli strains
Inorganic lon Transport and Metabolism

Core: Pan: Energy Production and Conversion
Genes: 965 1,460 Other
Reactions: 1,773 2,501
Metabolites: 1,665 2,043

JERMNE. HAREE. HREAR. EIRMAH, &HENE, HE
FURBERHEERTHTFRSE, SXERHFBTRIR
N &2 T AE%RORNEEN80%, R, KL EMIMETH

H R N R B 36 %240 & KL
MK ULEMPRIR K BE64%ETEBERE, BEE
BEERHNRNFRSHY

L 1 1 1 L L ]
¢ 50 100 150 200 250 300 350 400
MNumber of Reactions

Page = 8



XA RS Fr 400 53 5 X 7 A R A A AR B

= RFERSIG LS E

= ZABTUAEMRETHE

LA E

BT ARWRERIEFRERR NG T pank MY KER5T

s T B T B SRR T

e, AT X e e S AT LA AR [ E. coh.*ﬁkﬂTﬂ*%

INZIENRESI ERYTNE

=5

= X11X551E. colifiShigellatR B e B A 1577 & L i#1T 7654

AT

E R RRYS

E IR T,

X 4L S5

HME—RY -

%ﬁ&\ I;\ ﬁ%‘-‘-éF\ )ll.ﬂ]ﬁ_‘.\ %jﬂiiﬁ.éﬂm

Page = 9

ECY I



Commensal Intestinal

Extra-intestinal

E. coli Q157:H7 str. Sakai (EHEC)

E. coli O157:H7 EDL933 (EHEC

E. coli O157:H7 str. TW14359 HEC
E. coli O55:H7 str. CB9615 (E

E. coliO157:H7 str. EC4115 (EHEC
E.coliSE11 Commensal

E. coli lAI ommensal

E. coliO26:H11 str. 11368 (EHEC)
E. coli E24377A {ETEC)

E. coli 55989 (EAEC)
E. coli W CP002185
E. coli W CP002967 [Commensal)*
E. coli KO11FL (Commensal)*
E.coliO111:H—str. 11128 HEC}

E. coli O103:H2 str. 12009 (EHEC

E. coli HS (Commensal)

E. coli ATCC 8739 (Commensal)

E. coli BLZILFJE?Q old (Commensal)

Pathogens

E. coli BL21(DE3) (Commensal)

E. coli B str. [ (Commensal)

E. coli UMNK8S8 (ETEC)*

E. coli ETEC H10407 (ETEC)*

E. coli str. K=12 DH10B (Commensal)

E. coli BW2952 (Commensal)

E.coliDH1 CP0O01637 Commensal}

E. coli DH1 AP012030 (Commensal

E. coli str. K=12 MG1655 (Commensal)

E co-‘r str. K=12W3110( cmmensal}
li 0127:H6 str E2348/69 (EPEC)

E coh IAI39 (UPE

E. coli UMNO26 (U EC)

E. coli SM5-3-5 ExPec)

E. coli 042 (DAE

E. coli SE15 (Commensal)*

E. coli NA114 (UPEC)

E. coli ED1a (Commensal)*

E coli APEC 1 éAPEC]

E.colis L

E co.'pCFTOB (UPEC)

E. coli 588 [}I-EIXP ec)

E. coli O83:H1 str. NRG 857C (AIEC)*

E. coli LF82 (AIEC

E. coli UTI89 (UP! 9

E. coli UMME [AIE }l*

E. colilH ; %

E. coli ABU339 2 (UPECQ)

s, b227

Strains

Pathogens

5d senteriae 5d197
S. flexneri 2a str. 301

5. flexneri 2002017

S. flexneri 5 str. 8401

S. flexneri 2a str. 2457T
5. sonnei 55046

|mmmﬁﬁmg¥ar§ﬁl

Shigella

Y

Growth-Supporting Nutrients

[] Growth [l No Growth
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E coli Pathotypes:
B commensal 46 E. colf strains
[[] Extra-intestinal Pathogens (ExPec)

[ intestinal Fathogens (inPec)

|a-Mannosylglycerate|

Yesi24 o 0 No:22

7

4 21 Ed | Fructoselysine ] i ia
o : es: ls: o
o - — d“"hc“_.__

© (o

| Deoxyribose |

Not17 _— o Yes:4 Yes: 2 No: 13

100% InPec  100% InPec

94% Commensal 50% InPec 100% InPec 77% ExPec

Fig. 3. Classification of E. coli pathotypes based on growth-supporting
conditions. Growth-supporting nutrients were used to create a classification
tree. This tree can be used to determine if an E. coli strain is commensal, an
intestinal pathogen, or an extraintestinal pathogen. For example, following
the tree to the right shows that 77% of E. coli strains that cannot grow on
a-mannosylglycerate, fructoselysine, or taurine as sole carbon sources are
expected to be extraintestinal pathogens. Thus, a small number of nutrient
sources can be used to classify E. coli strains of different types.
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Table 1. Nutrients predicted to give commensal strains or
extraintestinal pathogenic strains of E. coli a catabolic advantage

Source Commensal (%) ExPec (%) P value

ExPec strain nutrients

3-Phospho-p-glycerate 0 36 1.3E-2
L-Arginine 11 64 5.0E-3
Cellobiose 33 82 1.3E-2
N-acetyl-p-galactosamine 67 100 3.9E-2
Commensal strain nutrients
Fructoselysine 89 0 2.2E-6
Psiscoselysine 89 0 2.2E-6
Dopamine 89 0 2.2E-6
Phenethylamine 89 0 2.2E-6
Tyramine 89 0 2.2E-6
Phenylacetaldehyde 72 0 1.2E-4
a-Mannosylglycerate 94 9 5.7E-6
4-Hydroxyphenylacetate 56 9 1.3E-2
Cyanate 83 27 3.8E-3
Melibiose 78 27 9.7E-3
Phenylpropanoate 712 27 2.0E-2
3-(3-Hydroxy-phenyl)propionate 89 36 5.0E-3

w
h

3-Hydroxycinnamic acid 89 5.0E-3

13
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Table 2. Nutrients predicted to give commensal strains or
intestinal pathogenic strains of E. coli a catabolic advantage

Source Commensal (%)

InPec (%) P value

InPec strain nutrients

Sucrose 33
Raffinose 28
L-Arginine 11
p-Arabitol 0
Ribitol 0
Agmatine 0
Urea 0
Commensal strain nutrients
Galactonate 100
a-Mannosylglycerate 94
Dopamine 89
Phenethylamine 89
Tyramine 89
5-Dehydro-p-gluconate 78
L-ldonate 78
p-Allose 78
Butyrate 78
Acetoacetate 78

4-Hydroxyphenylacetate 56

65
65
65
24
24
47
47

65
35
41
41
41
24
24
41
47
47
18

5.0E-2
2.6E-2
1.3E-3
4.6E-2
4.5E-2
1.0E-3
1.0E-3

7.6E-3
2.6E-4
3.5E-3
3.5E-3
3.5E-3
1.6E-3
1.6E-3
2.5E-2
5.0E-2

5.0E-2

2.0E-2
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. Strain_____|Folate| Niacin [ L-Met | L-Trp | L-leu [ Thiamin |

Escherichia coli CFTO73
Escherichia coli [AI39
Escherichia coli K-12 DH10B &
Escherichia coli UMNOZ26 -

O
O

Shigella boydii CDC 3083-94
Shigella boydii sb227
Shigella dysentarie SD 197
Shigella flexneri 5 str. 8401
Shigella flexneri 2002017
Shigella flexneri 2a str. 2457T
Shigella flexneri 2a str. 301
Shigella sonnei 55046

Q000 OO0

Fig. 4. Model predicted strain-specific auxotrophies. GEM predicted mini-
mal media conditions for each auxotrophic strain. Shigella strains lack essential
vitamin biosynthesis capabilities for niacin (vitamin B3), thiamin (vitamin B1),
and folate (vitamin B9). Other strains have lost biosynthetic pathways for
the essential amino acids methionine, tryptophan and leucine, thus becoming
auxotrophic for these compounds.
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Tested 12 strainson 6

discriminating carbon substrates
(72 growth screens)

GEM
computation

Overall accuracy = 80% Y _
1) True Positive | 2) False Negative
+
Experimental 51% (37) 14% (10)
observation o :
__ | 3)False Positive | 4)True Negative
6% (4) 29% (21)
; : Extra-intestinal :

B Commensal Strains Intestinal Pathogens Pathogens Shigella .

L e b
e - rn L " ~ ) E
O w o - : r~ =] - s

— o — - o) o e o = ~ |
v 2 I »w g|S a2 ®%|2 £ = | 2|88
Compound Genes = o = - 2 | © rr R S Y S S| N |éde
Acetoacetate atoE, atoAD ™® P > TP ™ ™ | TN ™ P ™® TP ™™ |100%
Deoxyribose deoC, deoP, deoK | ™M | TN TN | TN ™ | TP | TN ™ | TN ™ | TN | TN |100%
D-malate dctA, yeal TP P TP FP TP TP TP TP TP Fe TP ™ | 83%
Ferric dicitrate fecBCDE P 112 i ™ ™ TP ™ ™ EN ™ | FP N | 839%
Melibiose melA, melB TP P FP P TP FN TP TP TP N | TP TP | 75%
2x Phenyls tynA, feaB, paaK | 1P P TP TP TP FN FM FM FN FN FN N | 42%

Strain accuracy: | 100%|[100%| 83% | 83% |100%)| 67% | 83% | 83% | 6/% | 50% | 6/% | 83%
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