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Supplemental figure legends

Fig. S1 The majority of genes on chromosome 4 were found in large zones that
showed coordinately reduced expression in BP cells. DIGMAP analysis was
performed as described in Fig. 1. The entire chromosome showed a gradual reduction in
expression in the course of HF1 transformation. (A: triplicate K samples, B: triplicate E

samples, C: triplicate L samples, D: triplicate BP samples)

Fig. S2 The majority of transcripts on chromosome 18 were located within large
chromosomal zones with reduced expression in BP cells. DIGMAP analysis was
performed as described in Fig. 1. The entire chromosome showed a gradual reduction in

expression in the course of HF1 transformation.

Fig. S3 Chromosome 5p has large chromosomal zones with induced expression in
BP cells. DIGMAP analysis was performed as described in Fig. 1. Long regions with

induced expression in BP cells were observed on chromosome 5.

Fig. S4 Chromosome 3p has large chromosomal zones with reduced expression in
BP cells. DIGMAP analysis was performed as described in Fig. 1. Long regions with

reduced expression in BP cells were observed on chromosome 3p.
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Figure S5

The probability of obtaining an overlap of size k randomly between two sub-populations of size |
and f within a population of size m can be calculated as follows:

Jane :
P (mj[m] @

Hence, the probability of obtaining an overlap of 105 or more genes randomly between the genes
participating in the apoptotic network with at least 2 fold reduced expression in the BP cells (183
genes) and all the genes located in large reduced regions (1292 out of 6567 significant genes
passed t-test analysis) can be calculated as shown below:

6567

G

6567 \1292 6567—1292}
1292 \ & 183 — k

2183 (6567 j[6567]
183 \1292

P(n>k) = k=105

= 3.0x107°
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Fig S5. Probability of random overlap between genes participating in the apoptotic
network with at least 2 fold reduced expression in the BP cells and all the BP genes

located in large reduced regions.

Calculation of contribution of global chromosomal alterations to the changes in the

general enzymatic activity of the transformed BP cells

BP cells proliferate much more rapidly than K and E cells but have similar ATP levels
and similar rates of O, and glucose consumption '. The overall reduction in gene
expression in BP cells apparently led to a reduction in protein concentration, thereby
modifying the general enzymatic activity or “flux” inside the cell. Enzymatic flux is
defined as the rate of flow into and out of the pool of metabolites in the cell and is a
function of all the enzymes participating in a particular network. We hypothesize that the
energy conserved by the shrinkage of many processes, such as cap-dependent translation
and apoptosis, was channeled toward rapid cell proliferation 2. In this section we
examine this hypothesis, by calculating the changes in the enzymatic flux during
transformation. Since enzymatic activity is ATP dependent, a reduction in flux represents

a saving in ATP.

In order to estimate the changes in general enzymatic flux inside the BP cells that
result from the overall decrease in gene expression (where “general flux” is an ensemble
of fluxes inside the cell), we used the equation derived by Rasnick et al. *. First we
demonstrated that this equation is correct for networks of interlocking pathways as well
as for linear pathways. We then estimated the influence of the global chromosomal

aberrations in BP cells on the general enzymatic flux in these cells.

Derivation of flux equation for networks: The equation of Rasnick et al. * calculates
changes in general flux inside a cell during the transformation process. To derive the
equation, Rasnick et al. used a theory that was developed by Kacser and Burns and
Heinrich and Rapoport for the analysis of phenotypes generated by complex assembly

lines for genes *”.



Supplementary Material (ESI) for Molecular BioSystems
This journal is (c) The Royal Society of Chemistry, 2011

Every organism can be viewed as a complex network, consisting of a large array of
specific and saturable catalysts organized into diverging and converging pathways, all
transforming molecular species and resulting in a flow of metabolites ’. Therefore we
performed a revised analysis of enzymatic flux, which avoids the assumption of linearity

,58

of the system. Using the theory of “The control of flux” ° , we provide below a new

derivation of Rasnick’s equation 3

L:1_¢+£

Fa T

b

assessing the flux changes during transformation ( see section “New derivation of the

equation @ 7 ). Fais the enzymatic flux of eukaryotic cell resulting from

aneuploidy. A diploid cell has enzymatic flux, F=1. The 1=9 term represents the fraction

9
of unaffected gene products. The composite term 7 is the fraction, ¢, of gene products

undergoing a 7 -fold change in expression.

L:1_¢+£
T

New derivation of the equation Fa

A change in the rate of an enzymatic reaction is equivalent to a change in the
concentration of the enzyme °. The symbol A Ei refers to a small change and is applied to

the concentration of any enzyme, Ei; and AFj is the net effect on any flux Fj, anywhere in

Tk

The ratio AE/ represents the effectiveness of Ei in controlling the flux Fj ®.
E

the system.

(1)
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dF;

7E

C; can be described as the flux control coefficient of the system flux with respect to
enzyme concentration. According to the flux summation theorem * , the sum of all the
flux control coefficients is equal to unity. This means that for almost all enzymes a
reduction in the quantity or activity of an individual enzyme does not have an appreciable
effect on the overall cellular flux ® . Indeed, all the enzymes are “in excess”, so a
reduction in the activity of an enzyme hardly affects the output. Moreover, the
heterozygote usually differs very little from the wild type homozygote when pool sizes
and fluxes are measured . Therefore the coefficients of the system enzymes are all

smaller than unity and the sum of their coefficients approaches 1 *:

ZC,:I

1—>n
Thus, for a system at least as complex as a cell, each enzyme makes only a small

individual contribution to the general flux.

Eqn. 1 can be rearranged to eqn. 2:

p_ dF *Ei

=—— 2
Ci * dEi )

For n enzymes participating in a specific network we arrive at eqn.3:

10
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ZF=H*F=Z& (3)

. * .
1->n 1—>n Cl dEl
The rearrangement of eqn. 3 gives eqn. 4:
e 1 Z dF * Ei (4)
n & Ci*dEi
—n

Since each enzyme makes only a small individual contribution to the general flux, all Ei

terms can be approximated by replacing them with E, the mean of all the Ei:

E dF
F =— _ 5
TZIZCi*dEi (>)
—n
dF
C:*dE .

For each enzyme, Ei, the expression remains constant under normal

conditions and can be replaced with Ai. Therefore eqn. 5 can be rewritten as follows:

(ED 4)

F (6)
n

We can represent the sum of all the Ai (where Ai represents the effect of a change in the

concentration of the enzyme on general flux) by a term W to give:

_E*W

n

F

or

11
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E

W  n (7)
F
Since the production of gene products is approximately proportional to gene dose * the
fluxes in eqn. 7 can be partitioned (similarly to the concept of Rasnick et al. * ) into those
that are affected by aneuploidy and those that are not:

W  n-m m

Fa E E (8)

Fa is the phenotype of a eukaryotic cell resulting from aneuploidy. The number of genes
experiencing a change in expression levels due to aneuploidy is m. The variable 7 is the
segmental ploidy factor, reflecting the change in the number of gene copies or expression
levels for m. The difference n-m is the number of genes not experiencing aneuploidy or a

change in gene expression ° . Eqn. (8) can be divided by eqn. (7) to arrive at eqn. (9)

Setting the normal phenotype F=1 and replacing the expression m/n with ¢ , We get eqn.
10°:

_:1_¢+£ (10)
/4

Calculation of altered flux in BP cells: 2199 significant genes out of the 8842 valid
transcripts that passed t-test analysis were expressed at least twofold higher and 2902
genes were expressed at least twofold lower in BP cells in comparison with

keratinocytes”. Thus, the calculated relative flux for the BP cells is:

12
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1 2199 2902 2199 2902
=1- - + +

Fa 8843 8843 8843*2 8843*0.5:.
Fa=0.82

Thus BP cells had a 18% decrease in general enzymatic flux compared to keratinocytes.

Flux change due to global chromosomal alterations: In order to estimate the contribution
of global chromosomal changes to the change in flux in BP cells, we determined how
many transcripts with significantly altered expression were located in chromosomal
regions with coordinately altered expression. 2902 transcripts were significantly reduced
in BP cells versus keratinocytes *. Of these, 1292 (44%) mapped to large chromosomal
regions with coordinately altered expression. 2199 transcripts were significantly induced
in BP cells % and of these 901 (41%) were located in large chromosomal regions with
coordinately altered expression. The theoretical contribution of these transcripts to the

change in the enzymatic flux of BP cells is :

= = =1.
Fa 8843 8843 8843*0.5 8843*2
Fa=0.91

L _, 1202 901 1292 901 _, o,

Thus, a loss of flux in BP cells of 9% can be attributed to global chromosomal changes,
as defined by the DIGMAP software. This minimal estimate, based on our stringent
criteria for defining a chromosomal region with coordinately changed expression,
indicates that at least half of the change in enzymatic flux in BP cells in comparison with

keratinocytes (9% out of 18%) is due to global chromosomal alterations.

13
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Table SI

The amplified locus

Primers

E6 gene E6-5’: 5’ tgtactgcaagcaacagttac 3’
E6-3’: 5° gcaacaagacatacatcgac 3’
E7 gene E7-5’: 5’ ggagatacacctacattg 3’
E7 -3’: 5’ gtgtgcecattaacaggtct 3’
E1 gene E1-5°: 5’ ggatgctatatcagatgacg 3’
E1-3’: 5’ ctacctgtaacatctgctg 3’
E2 gene E2-5°: 5’ gtacagacctacgtgaccat 3’

E2-3’: 5’ catatgtaagtgtaacaattge 3’

ES gene (nested PCR)

outer primers: E5-5: 5° gatagtgaatggcaacg 3’
and E5 -3’: 5° ggtggacatgtacctgectg 3°;

inner primers: ESin-5’: 5’ctattacagtgtctactgg
3’, ESin -3°: 5° cgcagaggctgctgttatce 3’

L1 gene L1-1-5": 5 acggatgaatatgttgc 3° and L1-1-3":
5’ tgtaatccatagatatac 3’;
L1-2-5’: 5’ ggtgattgtccaccattagag 3° and L1-2-
3’: 5’ gcagttgtagaggtagatgagg 3’

L2 gene (nested PCR) L2-5°: 5’ getggtgeaccaacate 3° and L2-37: 5°

gcaacatattcatccgt3’

L2in-5’: 5’ catctgtattgcagectee 3” and L2in-3’:
5’ gacaggaggcaagtagacag 3’

Boundary of the viral insertion within the
L2 gene

From ES5 gene: ESL2 5°: 5°
caggcaggtacatgtccacc 3’;

From L2 gene: ESL2A 3°: 5’
ctaaatcctgatacatctg 3°; ESL2B 3°: 5°
cctagaggttaatgetggectatg 3°; and ESL2C 3”: §°
ggaatattgtatgcaccace 3’

Boundary of the viral insertion within the
L1 gene

From E6 gene: L1-E6 rev: 5’
gtaactgttgcttgcagtaca 3’;

15
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From L1 gene: : L1-E6A: 5’ tgcacatgggtgtgtge
3’; L1-E6-B: 5’ gtagcgccageggccatt 3’; and
L1-E6C: 5’ ctgttgttgatactacacge 3’

Joints between the viral and human DNA

Hinc2-out: 5’ ctgctaaacacagatgtaggac 3’
Pstl+out: 5 ctgataccacacctgctatattag 3’
Hinc2-in: 5° acctgaccacccgcatgaac 3’
Pstl+in: 5’ catctgtattgcagccteca 3’
L1g-forout: 5’ ggaggaatatgatttacag 3’
Llg-revout: 5° gatatggcagcacataatgac 3’
L1g-forin: 5’ ccttaactgcagacgttatg 3’

Llg-lrevin: 5’ gcgtgtagtatcaacaacag 3’

Table SI Primers used in mapping of the viral HPV16 insertion in HF1 cells.

Primers used in PCR walking along the incorporated viral genome are shown.
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