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Figure 1. dNTP supply. Many anticancer agents act on or through this system to kill cells. The most central enzyme of this system is RNR.



Ribonucleotide Reductase (RNR)

ATP activates at hexamerization site??

dATP inhibits at activity site, ATP activates at activity site?
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5 catalytic site states x 5 s-site states x 3 g-site states x 2 /site states = 150 states
= (150)¢ [=1.1x1013] different hexamer complexes
= 27(150)® models ~ 1 followed by a trillion zeros

RNR is Combinatorially Complex



Enzyme, Substrate and Inhibitor

_LENST _[EIU] [ETIS]H]

0=[£;]-[E]

E_<—ES K
e 1_rer LEIS]
I\ 0=[S;]1-[S] K,
EI ESI
0=[1;]-[1]

[ETLS]/]

_LETU] _[ETSTH]

KE]

Competitive inhibition

1 KES KE]
[E][S]
0=[S;1-[S]-———
EI K
NTEE _[E][/]
0=[1,]-[1] X,
E E <—ES

.

EI ESI

<> [Tl

E <—ES
El < ESI
E «—ES 0=[E,]-[E]-
1 0=[S,]1-[S]-
EI < ESI
0=[,]-[]
E \ E
EI ESI El «—— ESI
uncompetitive inhibition if k.y ¢5;=0
E i‘: ES E <—ES
ESI ESI

[E10S] _[EI] _ [ET]LS]

KEfS KEJ KEJKELS

[£](S] [E]/][S]

KEiS KEJKELS

LEIZ] - [EN]LS]
KEJ KEJKEQS

noncompetitive inhibition
Example of K=K’ Model

E <> ES

P

EI <> ESI



ATP-induced R1 Hexamerization
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2088 Models with SSE < 2 min (SSE)
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Kolomogorov-Smirnov Test p < 10-16
28 of top 30 did not include an A-site term; 28/30 # 503/2081 with p < 10°1¢

This suggests no h-site.

Top 13 included R6X8 or R6X9, save one, single edge model R6X7
This suggests that less than 3 a-sites are occupied in hexamer.



Conclusions (so far)
1. The dataset does not support the existence of an h-site

2. The dataset suggests that ~1/2 of the a-site are not occupied by ATP

hypothesis

flux
activation
-------- inhibition

mitochondria

aRl Rl a

cytosol

AMP <= dATP

»dG 2t \dAGMP <= dGTP

» dC »dCMP < dCTP
> dT 4 »>dTMP <= dTTP
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[ATP]=~1000[dATP]
Conjecture: system prefers to have 3 a-sites empty and ready for dATP
Conjecture: Inhibition versus activation is partly due to differences in pockets



Tetrameric Enzyme Models (e.g. Thymidine Kinase 1)
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SUMMARY

Combinatorially Complex Systems Biology Markup
Equilibrium Model Selection Language interface to R
(CCEMS, CRAN 2009) (SBMLR, BIOC 2004)

Model individual enzymes Model networks of enzymes
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Adaptive Experimental Designs -

Find best next 10 measurement conditions

given models of data collected.

Need automated analyses in feedback loop of
automatic controls of microfluidic chips
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library(ccems) # Thymidine Kinase Example
topology = list(
heads=c ("E1S0"), # E1SO = substrate free E
sites=1list(
c=list ( # ¢ for catalytic site
t=c("E1S1","E1S2","E1S3","E1S4")
) # t for tetramer

K= eb6RT => K= (0, ) maps to AG = (-o0, c0)

Model weights efAIC/5 eMIC

)
) # TK1 is 25kDa = 25mg/umole, so 1 mg = .04 umoles
g = mkg(topology, activity=T, TCC=F)
dd=subset (TK1, (year==2000) ,select=c(E,S,Vv))
dd=transform(dd, ET=ET/4,v=ET*v/ (.04*60))# now uM/sec
tops=ems (dd, g, maxTotalPs=8, kIC=10, topN=96) #9 min on 1 cpu

library(ccems) # Ribonucleotide Reductase Example
topology <- list(
heads=c ("R1X0", "R2X2", "R4X4", "R6X6"),

sites=1list( # s-sites are already filled only in (Jj>1)-mers
a=list( #a-site thread
m=c ("R1X1"), # monomer 1
d=c ("R2X3","R2X4"), # dimer 2
t=c ("R4X5","R4X6","R4X7","R4X8"), # tetramer 3
h=c ("R6X7","R6X8", "R6X9", "R6X10", "R6X11l", "R6X12") # hexamer 4
), # tails of a-site threads are heads of h-site threads
h=list ( # h-site
m=c ("R1X2"), # monomer 5
d=c ("R2X5", "R2Xo"), # dimer 0
t=c ("R4X9", "R4X10","R4X11l", "R4X12"), # tetramer 7
h=c ("R6X13", "R6X14", "R6X15","R6X16", "R6X17", "R6X18")# hexamer 8
)
)
)
g=mkg (topology, TCC=TRUE)
dd=subset (RNR, (year==2002) & (fg==1) & (X>0) ,select=c (R, X, m, year))
cpusPerHost=c ("localhost" = 4,"compute-0-0"=4, "compute-0-1"=4, "compute-0-2"=4)

toplO=ems (dd, g, cpusPerHost=cpusPerHost, maxTotalPs=3, ptype="SOCK",KIC=100)
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Application to Data
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