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Energy-generating componentCatabolism
Produce energy (as ATP) and simple oxidized compods

Energy-consuming componentAnabolism

Build cell material




Common energy metabolism
tricarboxylic acids cycle, glycolysis
Common biosynthetic pathways

synthesis of amino acids, lipids, and carbohydrates

Intermediary metabolism

Set of reactions involving metabolites that are irdrmediates in the
degradation or biosyntheses of biopolymers
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The Kingdom Monera (Prokaryotes)

Ribosome
The ribosomes in

Cell membrane

Flagella
Some moncrane
have flagella,
Tlagela rotate.
ercating eurrents
that move the
‘maneran,

N

wdepen
N of chramasomes.

Chvomosoms
Monerans usually
have a single, circular
chramasome.

/’ & P> il R

tects the cell and is
used by scientists
fl 0 classify bacteria,

Constitutive enzymeslways produced by cells
The enzymes that operate during glycolysis and theicarboxylic acid cycle

Inducible enzymesproduced (“turned on") in cells in response to goarticular
substrate; they are produced only when needed

The Kingdom Monera (Prokaryotes)

Operon- grouping of genes in bacteria
under the control of the same regulatory
system.

Bacteria tend to group genes that are
functionally related together on the
chromosome.

Monerans usually
have a vingle, circular

Control Structural gene for | Structural gene | Structural gene
mechanism -galactosidase for  -galactoside| for  -galactoside
permease transacetylase

Lactose operon: contains genes that encode enzymesponsible for lactose metabolism




The Kingdom Monera (Prokaryotes)

Operon

Transposons segments of DNA that
can move from one site in a DNA
molecule to other target sites in the
same or a different DNA molecule
within or among organisms.

Transposon
R A

>/DN
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The Kingdom Monera (Prokaryotes)
Operon

Transposons

7 —Plasmids- extrachromosomal genetic
elements.

«Contain genes that help the host organ
to survive under specific conditions or
they contain genes for catabolism of no
intermediary organic compounds

*Replicate independently of the
chromosome

*Can be transfered from the donor
bacterium to other recipient bacteria
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Eukaryotes

Kingdoms:
Protista
Planta
Fungi
Animalia

Eukaryotes




Multienzyme complex

In a number of cases, enzymes that catalyze sequiahteactions in
the same metabolic pathway have been found to be ysically
associated:

» Active sites are found on a single, multifunctionapeptide chain

» Several individual enzymes are non-covalently assated
* Attachment to membranes

The formed enzyme complexes allow channeling of reants
between active sites — the product of one reactiomie be transferred
to the next active site.

e Speed up the reactions of the pathway
e Protect unstable intermediates

Separate enzymes with freely Cytosolic multienzyme complex with

diffusing pathway intermediates / intermediates channelled between

(glycolysis) enzymes
l (pyruvate dehydrogenase complex)

Membrane bound
multienzyme complex
(electron transport system)




Summary

1. The application of metabolic transformations istrongly organized.

2. This is a premise for development of metabol&imulators.

Simulation of molecular transformations

i NP \c < + HO—C
/ —C— — —C— —C—
Rl—c\/ —— R C +  HO—R, F C\Oic/i /7 o
0—R, OH \
Half-lives,
25°C, pH =7
//O
/
chfc\/ ——> HC—C +  HO CH,CH; 2 years
O CH,CHs OH
P - HC & _ 7 days
HsC—C 3 + HO—CH=CH,
O—CH=CH, OH

0
(0] / 4 mi

4 , . O minutes
HEbC C. HCLC—C  + HO CQ
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Simulation of molecular transformations

leC\ —— 1 \ + HO*RZ
0-R, OH
# Transformation Rate
o 0 High
xc—¢ — x}cfcf + Ho—Clop?) 9
1 \Ofc{spz) OH A
A X: F, Cl, Br
. P N /.| Moderate
2 7070\ / —_— —Cfc\ + HO—C{sp“}
/" o—Csp? /" on N
\ not CX,; X: F, Cl, Br
N N / Low
—c—C E—— foC\ + HO—C—
3 / \Ofc/i / OH \
\ not C{sp} and CX,; X: F, Cl, Br

Simulators of metabolism

Rule based systems

Predictions: single best or multiple alternative me tabolic pathways

BESS(P&G and Michigan State University)

META (MultiCASE Inc)

METEOR (Lhasa Ltd)

CATABOL (P&G and LMC, Bourgas As. Zlatarov University)
TIMES (LMC, Bourgas As. Zlatarov University)
PPS(UM-BBD, http://lumbbd.msi.umn.edu/

MEPPS (under development, Lhasa Ltd)
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Simulators of metabolism

Rule based systems

Predictions: single best or multiple alternative me tabolic pathways
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Simulators of metabolism

Rule based systems

Predictions: single best or multiple alternative me

CATABOL (P&G and LMC,
TIMES (LMC, Bourgas As. Zlatarov University)

tabolic pathways

Probability

Bourgas As. Zlatarov University) < k
L1

Metabolites

CATABOL
Simulation of catabolism

Principal transformations

Geminal diol decomposition

\ ,OH \C o
C — =
/"oH /

b-oxidation

WOH — WOH

o [e]

Cyclohexanone oxidation
(o]
O&
OH

Ester hydrolysis

‘{)_\_< e ‘/<O +\\‘<
(e} (e} OH (¢]

Amine decomposition

N
¢ A
>—NH, — S—o
—c .
A A
w-Oxidation

o~ -CHs —_— \/\/\OH

Azo-bond cleavage

- N z
, S 7
7N L ~CNH: + HIN-CC

13



Principal transform ations Metabolites

Substrate
Geminal diol decomposition

\ ,oH P=1.00\
— -0
/C\OH /

b-oxidation

on P=0.99 on
W —_— \/T

Cyclohexanone oxidation
O,
Oy P =0.95
—
OH

Ester hydrolysis
P =0.90
e lin

Amine decomposition

N N

—<, P=0.75 —
>—NH,  —— C):o

¢ ¢

77 %

w-Oxidation
P =0.40
NoN_-CHs — SN oH

Azo-bond cleavage

\ P =0.001 /
TN N+ HNC
N*C\* 7 N

Principal transformations Metabolites

Substrate

Geminal diol decomposition

\ OoH P=100 \
—

O,
C=0

/ "OH

b-oxidation

Cyclohexanone oxidation

O p=095 ©
—
OH

Ester hydrolysis

P=0.90
e Rt

OH

Amine decomposition

—c P =075
—NH,  — >
K
w-Oxidation
P =0.40
o FCHe SN0

Azo-bond cleavage
e P =0.001
2 '\k / —_—

N*C\*
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Substrate

Principal transformations

Metabolites

O,

Match?

Geminal diol decomposition
\ ,OH P =100 \
R

Cc=0
- No! /CQOH /

b-oxidation

Cyclohexanone oxidation

N f P =095 o\é
—
oH

Ester hydrolysis

(¢}

P =0.90

o)

OH

‘<O‘\_<O — ‘/< +\\‘<O

Amine decomposition

\C\ N
— P=075 —C
C>7NH2 — —o

/] A

w-Oxidation

P =0.40
S~ CHs _— AT

Azo-bond cleavage

N P =0.001
—c—N z
7N Cé ——  JCNHp + HN-CT

Substrate

Principal transformations

Metabolites

Geminal diol decomposition
\ OH P=100 \
c — c=0
/ "oH /

OH A OH
Match? -Not T Y

b-oxidation
P =0.99

(0]

Cyclohexanone oxidation

o p=095 O
—
OH

Ester hydrolysis
o P =090 o
[e] [¢] OH [e]
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—C —
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Azo-bond cleavage

P =0.001
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Substrate Principal transformations Metabolites

Geminal diol decomposition
\ OH P=100 \
—

C. C=0
/oH 4
b-oxidation
OH P =0.99 o
\/Y — A
! Y

Cyclohexanone oxidation

0, O p=0g5 ©
Match?
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N — -+ \ ¢
o e} OH [¢]
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—C —

7T a
w-Oxidation

P =0.40
S~ CHs _— AT

Azo-bond cleavage
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—C—N N 7
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N
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The most plausible biotransformation pathway

0,
o O A
. . P, < co,
ki () - Parent chemical or metabolite A,
kl O,
O ~
i P2l< co,
P; Po- Transformation and its probability AW
\ 4 k2 O
U?Z,lji:oz - BOD or CO, production for a v
single transformation kn1(O) 0:
n
P 1<AC:Z
kn Q 0,

Comparison of metabolic pathways

Pathway A Pathway B

N

-

Complement of B in , Complement of A in B
A\B or A-B B\A or B-A

Accounting (or not) for pathway structures
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Trivial measures of similarity/dissimilarity
pathway structure is not accounted for

Complement of B in A \ Complement of Ain B

Measures of similarity/dissimilarity:

Tanimoto,
Dice,
etc.

Non-trivial measures of similarity/dissimilarity
pathway structure is accounted for

Complement of B in ) Complement of A in B
A\B or A-B ' . B\A or B-A

Ain B = Card(A B)/Card(A)
B in A = Card(A B)/Card(B)
A out of B =Card(A\B)/Card(A)
B out of A =Card(B\A)/Card(B)
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Observed versus simulated pathways

Observed and predicted catabolism Union of pathways
? N ? N ? ol
® [ @
/ o, /.x o o,
o V .‘ YR A ) o V .‘
. @ o ® . @ o
? 4 + 't o - ? 4
® ® ®
® v \ @ +
vV @ ®
@ @ @
'3 P '3
o O ® O o O
vy gl vy
o O ® O ® O
@ - Observed and predicted metabolitSsys  Seres
@ - Observed and not predicted metabolit&sps = Serea O Sops \ Spred
@ - Predicted and not observed metabolit8ss: = Sobs OF Spres\ Sovs

Union of pathways Probability that the metabolite is observed,

O \\. given that the metabolite is predictgutdictability )
v '@
/. Card(SObs SPred) — .
| hilrg =
o Ve Card(Sed) @+ @
O ? ®
Probability that the metabolite is observed,
®
o . given that the metabolite is truly observedrsitivity)
'Y o
’.‘ Card(sobs SDred) — .
® o Card(Sws) @+ @
o o
@ - Observed and predicted metabolitSsys  Seres
@ - Observed and not predicted metabolit&sps = Serea O Sops \ Spred
@ - Predicted and not observed metabolit8se - Sovs OF Serea \ Sons
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Union of pathways Probability that the metabolite is not predicted
given that the metabolite is truly observed
O \\> o (false negativey

'@
.4//.‘ Card (SObs\ SPred) - .
o Ve Card(Sy,) @+@
e 9 o
| . Probability that the metabolite is predicted
o e given that the metabolite is truly not observed
‘ ® (false positive$

w

Card (SDred \ SObs) — .
Card (SDred) B . + .

«@
»
0<0

@ - Observed and predicted metabolitSsys  Seres
@ - Observed and not predicted metabolit&sps = Serea O Sops \ Spred
@ - Predicted and not observed metabolit8ss: = Sobs OF Spres\ Sovs

Reliability of generated metabolic pathway

TR . . .
Ni,succ - the numbers of successful applications of the trafiormation

TR . . .
N; @i - the numbers of unsuccessful applications of the ansformation

N-TR
Reliability of i-th transformation R™ = ﬁ

i,succ i, fail

M)
Reliability of predicted I-th metabolite R = R{®
j=1

Reliability of k-th map RV = i=
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CATABOL, mathematical formalism
BOD or CO,, production ko () AOZ
. P4 < €O,
Modeled Theoretical AW
Py
BOD — mz O Pm BODTh — Uzz kq O A022
n =1 n P> l< Aco2
0, & Th o ’
CQ, = Ij; *QPR, CO, = Ijr:] ’ ko ()
n =1 n ‘
Biodegradability - % of theoretical '
0 Kn _1© 0,
Dzz O Pm P l<Aco
BOD® =1 mL__100% “woy
wi-lz Aorzwl
n Pn+1l< co,
o Fd An+:L
O, O
ThCcq" = 5. —100% i
n co,
n
CATABOL, mathematical formalism BOD or CO , production
Simulated catabolism Lyons, C. D., S. Katz, R. BarthAppl Environ

Microbiol, 1984, 48, N 3, pp. 491-496

BOD =63% BOD=57%
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CATABOL, mathematical formalism
Quantities of metabolites

(1- P.,) © P,, molimolparent

CATABOL, mathematical formalism

First order kinetics
BOD=1001- exq- kt))

ty, = |n(2)/k

k=-In(L- BODS™ /100)/28

Ultimate half-life

In(2)

Y27 In(1- BODS™ /100)/28
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CATABOL, mathematical formalism

First order kinetics
BOD=1001- exd- kt))

ty, = In(2)/k

k=- InL- BODS™ /100) /28

Ultimate half-life

In(2)

t =
Y2 - Inf1- BODS™ /100)/28

BOD¥ =63%

k = 0.036day™

'

t,, =20days

0,
ko O Al
e
P co,
1 l\Al
k1 O 0,

A2
P> < co,
AN
ko O
v
kn-l() 02
n
P -« co
] l\ 2
Ky Q
O,
A
Pn+1l co,
\Aml
v
co,

CATABOL P — time dependent model

Training data
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CATABOL P — time dependent model

Training data

BOD = 50%

t Ultimate
1/2

Ultimate half life

CATABOL P — time dependent model

Training data

BOD within
10-d window

10-d window
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CATABOL P — time dependent model

Probabilistic approach & First order kinetics

Probabilistic approach

P

S® M

[Sl=[ska-P) @

[[;1 =(1- P) ®)
m]=[sl,P @©
%/IO] =P (20)

[S], —initial quantity of S
[S]— quantity of S at time t
[M] — quantity of M at time t

First order kinetics
k
S® M
F=ldoexd- 1) @

IEiE expl- kt) @®)

[ﬁo
[M]=[8h2- expl- kt) @)

m]_ (1- exp(- kt)) (o)

IS

[S], — initial quantity of S
[S] — quantity of S at time t
[M] — quantity of M at time t

P = 1- exgl- ki)

=-In(1- P)/t

P — probability of transformation = k- first order kinetic constant

CATABOL P — time dependent model

The model is able to predict:

Primary half-life — half-life of parent chemical
Ultimate half-life — half-life by BOD
Biodegradation as a function of time
Metabolites quantity as a function of time
Biodegradation within 10 days window

agrwNE

Metabolite

25



Biodegradation

[ Metabolite:
HyE e BOD=0.016
O Hy LC50=0.34 mg/l
/ "

Parent: cAs 31570-04-4
Phenol 2,4-bis(1,1-dimethylethyl), phosphite (3;1)

BOD=0.038
0. p L0 .; =
7?@*

LC50=145835248 mg/l

Biodegradation

Metabolite
BOD=0.39
LC50=1.2.10 mg/I
H‘SC HO
NM
HE ©
Parent: CAS 124-28-7 \
N-n-Octadecyl-N, N-dimethyl amine
BOD=0.83

LC50=0.94 mg/l

H£NW\WWW\CH3

1
/ CHy




CATABOL P — time dependent model

TIMES Skin Sensitization Modefl

Phase I @ S-Pr
- S sensitization
@ o
- ./' Reactive
Metabolism~ y species o
No sensitization
- 0—-0-0—-0
Parent \  \ ,
® i%i§'§f©~ ---------------- -O-S-Pr
Phase Il \ OSAR | W sensitization
Reactive” T @—S-Pr

species \‘C S-Pr

S sensitization

W sensitization

* Dimitrov et al, 2005. Skin sensitization: Modelibgsed on skin metabolism simulation and formasibprotein conjugates.

International Journal of Toxicolog®4, 189-204.
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F|Sh Iiver SimUIatO| Bioccumulation

TIMES Skin Sensitization Modefl

Phase Il /' ST I
S sensitization
O o
./' ./' Reactive
Metabolism ~ S species itizati
No sensitization
o-0-0—-0—0 -
Parent \  \ i :%*?
. F;Zaeit;gsé@—» ------------ > C}S'Pr
Phase Il OSAR | W sensitization
Reactiveo\ o @ S-Pr
species (O—S-Pr S sensitization

W sensitization

* Dimitrov et al, 2005. Skin sensitization: Modelibgsed on skin metabolism simulation and formasibprotein conjugates.
International Journal of Toxicolog®4, 189-204.
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Skin sensitization

Predicted metabolism of isoeugenol

Sulphate conjugation

IQ:H\J@

Dealkylation /

Formation of semiquinon?/ on cH 8

free radicals \ N\ o"  Glucoronidation
CHy” o
o
| © o OH
|

,Pr
o . o .
I@"” Michael addition on quinones

Free radical reaction on oH
proteins

Mutagenicity

0.

\N:O
l N-Nitrosoamine Aliphatic C-Oxidation

0 :—oH N-Nitrosoamine Oxidative N-Dealkylation

N-Nitrosoamine Oxidative N-Dealkylati
/ & \
O o
O /-
HaC-N

° Electrophilic Species Generation
Aliphatic C-Oxidation

QO

Reacting with DNA

O-Glucuronidation

Amino Acid Conjugation




Next Major Activity

Laboratory Intact
conditions Organism
 —
7N -
I J
h.
Sub-cellular fractions | Intact Cells, Tissue, Organism
cDNA-expressed ~ Microsomes  Rat liver homogenate Primary Liver slices In vivo
Individual CYPs  Cytosol (S9 fraction) {{ hepatocytes
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Environment Canada
NITE Japan

Research Partners from Industry
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BASF
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Metabolism logic
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Supraorganism concept

Organization of
biodegradation information

Individual Bacteria

Individual DNA 0O

Individual
Transformations

Virtual Supraorganism

Endoplasmic reticulum

The main function of the ER is to transport materids
through the cell and to serves as the site of bioemical
reactions
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Rough Endoplasmic Reticulum

Dotted with ribosomes
Provides a large surface area for the organizatiorof chemical reactions ang
synthesis

Can synthesize itself including both protein and pid parts

Some of the synthesized membrane replace nuclear mbrane, form the Golgi
complex, lysosomes or plasma membrane

Smooth Endoplasmic Reticulum

Membraned matrix proteins having enzyme activity
A great deal of non-protein synthesis, including ligds and carbohydrates
Dedetoxication functions, particularly in the smooth ERfound in liver cells
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Lysosmes

Membrane-enclosed spheres
Contain powerful digestive enzymes
Breakdown of cellular molecules, ingested bacteriand old organelles

Peroxisome

Metabolism of free oxygen radicals

Synthesis of cholesterol and ether lipids

Bile acid formation

Catabolism of long chain fatty acids

Catabolism of purines, prostaglandins, leucotriens
Alcohol detoxification in liver;

Metabolism of estradiol
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Mitochondrion

The Matrix contains many of the enzymes involved imerobic energy metabolism
Carbohydrates, fatty acids, and amino acids are oglized to CO2 and water
The released energy is conserved in energy-rich nealule ATP

Divides using their own circular strand of DNA

Releases a chemical that trigger programmed cell déa(apoptosis)

Exercises a veto, which eggs in a woman should belgased during ovulation and
which should be destroyed (atresia)

In liver cells contains enzymes that allow them to etoxify ammonia
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