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Could We Formalize Biochemical Processes?
And why?



e The theoretical framework

e The proposal

e The possible research programme



mathematics geometry logic dynamics
(differential
equations)
Classical Vectorial Euclidean Classical Newton
mechanics calculus geometry logic law
General Differential Riemannian Classical Einstein
relativity topology geometry logic equations
Quantum Hilbert space | Euclidean Quantum Schrodinger
mechanics geometry logic equation
Molecular
biology NO NO YES YES




From statements to molecules l

From classical logic to resource logic

NON CLASSICAL COMPUTATIONAL LOGIC



ZSYNTAX



Linguistic case Biological case

Premises (Hypothesis): I’ Conjunction of Aggregate of molecules

! statements !

Inferential process ' Biochemical reactions

Classical logic . (non classical logic)

; ; ;
Conclusion (Thesis): C Aggregate of molecules

Statement
r |— c




2 EXAMPLES



I'= (D-glucose, hexokinase, phosphoglucoisomerase, phosphofructokinase, ATP, ATP)
Theorem 1:

r|— (fructose-1,6-phosphate)

=




Theorem 2:

(MDM2, p53) |—

Nature 408 307 (2000) news and views feature

Surfing the p53 network

Bert Vogelstain, Cavid Lane and Arnold J. Levine

The p53 tumour- suppressor gene mtegrates numerous signals that control
cell life and death. As when a highly connected node in the Internet breaks
down, the disruption of p53 has severe consequences.
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The three operators of our ZSYNTAX

1) Z-interaction (indicated by ©)
we denote by A®B the type of molecules which results from the interaction
of two types of molecules A and B.

P53OMDM2

2) Z-conjunction (indicated by &)
we denote by A&B&C&D the type of aggregate constitutes by the types of
molecules A, B, C, D.

(D-glucose & hexokinase & phosphoglucoisomerase & phosphofructokinase)

3) Z-conditional (indicated by —)
we denote by A&C —B the fact that there is a transition path from an
aggregate of type A&C to an aggregate of type B.

(053 & MDM2) — (p53@MDM2).




The two kinds of valid formulas for ZSYNTAX

1) The empirically valid formulas (EVF). They represent singular reactions
and their validity depends on the fact that the processes they describe are
empirically corroborated. We can have EVFs representing

(i) that two molecules interact, e.qg.
P53 & MDM2 — p53©MDMZ2;

(i) that the interaction delivers certain products in a biochemical sense, e.g.
D-glucose-6-phosphate © phosphoglucoisomerase — D-fructose-6-phosphate)

(iii) that the interaction allows the gene expression, e.g.,
pP53©MDM2 — MDM2.

2) The logically valid formulas. Their validity rests only on the definitions
of the logical operators inside the language we have constructed. They give
the rules to move from one EVF to another EVF
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Example of a logically valid formula:

(A-B & A) > B

This can be expressed as the modus ponens rule:

1. If A then B

2. A

1. A—>B

2. A

1. (p53 & MDM?2) — (p53® MDM2)

2. (p53 & MDM?2)

(p53® MDM?2)
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Our primitive logical rules for &

do-introduction

r A

N & .
Pic()

The rules for — are the following:

~introduction

r|p
{:L-'

P

are the following:

M-elimination

elimination

3 n

P P

.H"\.
",
",
",

i}
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2 EXAMPLES
OF

DEMONSTRATION
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I'= (D-glucose, hexokinase, phosphoglucoisomerase, phosphofructokinase, ATP, ATP)

Theorem 1:

r|— (fructose-1,6-phosphate)
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| Glc & HK & GPI & PFK & ATP & ATP
2. Gle & HK

3. GPI

4. PFK

5. ATP

6. ATP

7. Gle & HK — Gl ®HK

8. Gle®HK

9. (Gle®HK) & ATP

10.(Gle®HK) & ATP — (Gl @HK)@ATP
1. (Gle ®HK)@ATP

12.(Gle®HK)@ATP — G6P & HK & ADP
13.G6P & HK & ADP

14.G6P

5. HK

16. ADP

17.G6P & GPI

8. G6P & GPI - G6POGPI

19. G6POGPI

20.G6POGPI — F6P & GPI

21.F6P & GPI

22.F6P

23.GPI

24, F6P & PFK

25.F6P & PFK —» F6P@PFK

26. F6POPFK

27.(F6P@PFK) & ATP

)
28.(F6P@PFK) & ATP — (FoP@PFK)@ATP
)

29.(F6POPFK)@ATP

30.(FOP@PFK)@ATP — F1,6P & PFK & ADP

31.F1,6P & PFK & ADP
30.F1 6P

IA

From | by &E
From | by &E
From | by &E
From | by &E
From | by &E
EVF

From 2,7 by —E
From 3.8 by &1
EVF

From 9,10 by —E
EVF

From I1,12 by —E
From 13 by &E
From 13 by &E
From 13 by &E
From 3,14 by &J
EVF

From 17,18 by —E
EVF

From 19,20 by —E
From 21 by &E
From 21 by &E
From 4,22 by &1
EVF

From 24,25 by —E
From 6,26 by &J
EVF

From 27,28 by —E
EVF

From 29,30 by —E
From 31 by &E

Theorem

Gle&HK&GPI&PFK&ATPEATP | F16P

Demonstration

.

Uh e s a

Gle & HK — Gle®@HK

C(Gle®HK) & ATP — (Gle@HK)@ATP
(Glc®HK)®ATP — G6P & HK & ADP
. G6P & GPI — G6P@GPI

. G6P@GPI — F6P & GPI

. F6P & PFK — F6POPFK

7. (F6PEPFK) & ATP — (FoPE@PFK)@ATP
8 (FoP@PFK)@ATP — FI 6P & PFK & ADP

33.(Gle & HK & GPT & PFK & ATP & ATP) —

F1,6P

From [-32 by —[
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Theorem 2:

(MDM2, p53) |— MDM?2

Nature 408 307 (2000) news and views feature

Surfing the p53 network

Bert Vogelstain, Cavid Lane and Arnold J. Levine

The p53 tumour- suppressor gene mtegrates numerous signals that control
cell life and death. As when a highly connected node in the Internet breaks
down, the disruption of p53 has severe consequences.

KILLERDRS || P53AP1

Hmri e DXYGIN

Pravarnton of
d new biood vessel
Growth amest Agoploss formation



I TPEA&TPSI&MDMIGUALY A

1 TP From | by &E
i TP From | by &E
4. MDMI From [ by &E
iU From | by &
6. P From | by &E
1. TP33 & MDMZ From 2.4 by &1
8. TP33 & MDM2 = TPS3@MDM? EVF

9. TPSI@MDM! From 7.8 by —E
0. TPS3@MDM? — MDM2 EVF

Il MDM2 From 9,10 by —E
12 MDMI&TP33 From 3,11 by &/
13, MDMZ2 & TP33 — MDM2@TPS3 EVF

l4. MDM2ETPI3 From 12,13 by —£
15, (MDM2@TP33) & U From 3,14 by &1
6. (MDM2@TP33) & U— (MDM2GTPI3)EU EVF

17, (MDM2@TP33)@U From 13,16 by —E
I8, (MDM2ETPSH@U — MDM2 & (TPSEU) EVF

19, MDMZ &(TPS3@U) From 17,18 by —£
0. TPEU From [9 by &€
2. (TPS3@U) &P From 6,20 by &f
2. (TP53GU) & P—(TPS3@U)EP EVF

. (TP@U)eP From 21,22 by —E
M (TPSIQU)EP —(TPS3) &L UL P EVF

5 TPy &U&P From 23,24 by —E
26, giTR33) From 23 by &€

Theorem
TP53& TPS3& WD MI& U E P |-Q,_L,TP53}

Demonstration

] B LN e el e

TP53 & MDM2 — TPS3I@®MDM?

TP53 @& MDMZ — MDM?2

MDM2 & TP53 — MDM2®TPS3

(MDM2 @TP353) & U — (MDM2ETPS3)@U
(MDM2@TP53)@U — MDM2 & (TP53EU)
(TPS3I®U) & P — (TPS3@U}EP
(TPI3@U)@F — (TP33) & U & P

(T35 & TP53 & MDMZ & U &F) — (IP53)

From [-26 by —f
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1)

2)

3)

Why should we use it?

To formalize molecular biology

To perform text mining

To predict biological reactions and biological products

19



TEXT MINING
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Seeking a New Biology through Text Mining

Andrey Azhelsky,” Michasl Seringhaus,” and Mark Gerstein®
"University of Chicago, Chicaga, IL 0637, LIEA

Yaba University, Kew Haver, OT 06810, LS4

*‘Cormespordence: arzhetsiy@uchicaga.edu

D 10,1006 cad L 20008 025

Cell 734, July 11, 2008 S2008 Elsever Ino.

Tens of thousands of biomadical journals axist, and the deluge of new articles in the blomeadical
sciences 15 leading to infermation overoad. Hence, thare 15 much interest in text mining, the use
of computational toals to enhance the human ability 1o parse and understand complex text.

Iragine thal a graduale stedent anlers
the LS. Library ol Cangress wilh the goal
ol refriesing all texis relevant 1o pratsn
ghecosylation. Her prablem s slraightfor-
ward, Krsan among 1ext miners &5 infar-
mahion refmeval (IE). IT the student rmuast
rol anly find the books bul alsa flag the
magl impartant concepls she ancourilars
in sach. she & perfarming ramed endity
recogidion [MERL Undaunted by ber
warkload, magine she decides 1o den-
Lily relations batwesn concepls, such &5
“protein BALD binds to protein BAXC jcaled
rformalion exfrachion ar |El. Then sha
takas an addilional tasks such &8s gues-
tiemdanswer (0A] and &=t summanzabicn
(T5). Compuiational IR, KNER. IE. 04, and
TS are all part of texl mining and belong
e the larger fald of nadural Bnguage pre-
casgg (MLPL which sl is & part of ari-
fieis infalipance (Al thal airms 1o recreabs
or surpass the computational abiilty of
the hiuman brain. Althowegh mulliple delini-
tions axisl, 1ext mining is typically associ-
aled with inforrmabion redriesal, extraction,
and synihesis, with a special ermmphasis
on gaining new knowledge (Tablke 1).

available onling). This is Dbecause biol-
ogy and rmedicinse are wnusually rich
in lerminology: the collechive socabu-
lary usad by biomadicins ncorporales
mary millions of terrms. The exach mnum-
ber & unknoeen and constantly in M.
Because this wosabulary is large and
dymamic, naw s amarge rasidly and
erratically. As a result, the sams real-
warld abjecl may have aumSrous names
[Symanyrms], whareas dislinct objects
can be identified with the Sarme narme
(homanyrms), The 1erms thal masl nota-
rivusly sulter from aynanyrm and harm-
orym abundance are gene and pratein
narmes [Hirgchrman &t al, 2002 Wilwr of
al., 1980 A gven gane may be denoled
by sevaral doZen Symonymous names—
for exampla, the Orosaghiie genes br
and madmagd] have 82 and &4 aliases,
respeciivaly. Even worsea, vasily differ-
enl and incoermgatible naming systems
ara usad in dfterent spacies, and gens
aliasas themselves mergs inlo inbricale
samantic nefwarks that connect gene
narmes, pop-culture catch phrassas, idi-
oms, and comrmon averyday ullerances
borrowed froem riwltiphe languages.
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PREDICTION
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Abduction

Let us suppose that we know the final molecule of a biological process
(call it B), but we do not know exactly

either 1) which is the initial aggregate (call it '),

or 2) which are the right biological reactions leading from that initial
aggregate to the final molecule.

In this case the automated prover may indicate that something is
missing:

maybe 1) an additional molecule in the initial aggregate (that is, we
should find a new molecule),

maybe 2) an additional reaction (that is, we should find a new reaction).

But not only A well-constructed automated prover should be able to
extract a range of alternative hypotheses concerning how to adjust the
data and/or the reactions involved and, thus, to indicate us what should
miss.

At this point, we could go back to the lab and investigate the hypotheses,
which have been automatically generated by the computer.



Typically, in automated theorem proving, one starts from the
conclusion B and looks back for the possible premises I'.

Reiterating this inverse process the automated prover constructs
several possible paths. Going through all possible paths (and using
suitable heuristics to prune the wrong ones), it eventually arrives at the

right initial aggregate of molecules I".

“Human” prover Automated prover
r r
v. » A
: : *
? 7SN TR VA B
v
B B
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Are there competitors to ZSYNTAX?
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Zsyntax and biological networks
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Topology of the nrotein network

Nodes: proteins

Links: physical interactions-binding

ik

logf Pk Hok,

ol

ﬁ.+ﬁ.

Py ~(k+k, )" exp(—

H. Jeong, S.P. Mason, A.-L. Barabasi, Z.N. Oltvai, Nature 411, 41-42 (2001)



To elucidate the age of mimgee mave
menis, we dated the human duplicatsans mvoby
mp Xelmked parents or retrogenes both by
comparison to the mouse gerame sequence and
by sequence divergence analvsis (18) Most
copies that escape X hinkage (12/15) as well as
mist copies that oblain X linkage (10V]13) ong
mated before the human-meuse split (Fig. 1,
tables 37 and %) Duplicales in the mouse
gerwame: show the same pattern, consistent with
this notion. Thus, both pattemns result from an
cient evolutionary farces comman o cuthenan
mammals. However, thes process appears 1o be
an angoing characteristic of etherian X evola
tion, heeause 628 events bave ocourred subse
quent to the humans-meause split in the buman
hneage, §33 retreposhions have occurred with,
m the past &0 million years in the mouse
lineage, arel some of these retrocluplicate pass
bave high sequence similarity {=95%] al s
amymaus sies. This chramaseme-hiased gene
cmginalon appers o be an mporant process
actively driving the differentiation of the X
chromesamss m mammals and suggests that this
differentiation is still in progress

Referemces and Notes

BT Latn WM Pearson, K Jegalan. Matwes Bey

Ganet. 2. 207 2001}

H. Skalatiky of al., Malues 423, 525 [2003)

| A Marshall Ceaes o al, Cytogunet. Conoma A

96, 1671|2002y

| & MeCairay, Bouchinc 44, 20 [1954)

M) Larchar, & © Ureutia, L b. Husst, Mal. Bial. Sval

20 1173 {2009]

F.] Warg, | A McCarrey, F Vang 0. C Fage, Natwre

Ganet 7. 422 (F007)

| ©. Wenter & o, Scispce 291, 1304 [2007)

E Lirwn, Gimag WY (Onlord Unieariity Fris, Maw

ork, 2000}

% E Baran, K Thoeifon, M Losg, Sicome B 12
&84 [2002)

B0 P M. Harrien at al, Gingma Rad 12, 272 (2003)

1. LI StrichmareAlwaghams, M Bistn. . Landsman,
s Ry 13, B0 (2003)

12 E Befrin. W, Wang L Jn. M Long Mol R, Evpl 19,
5 {00z}

13 | Brosium, Science 281, 753 (1957

14 E 5 Lander s !, Marure 809 B50 [2001)

15 T Hubbard ar !, Fucline. Ao ®id 30, 38 (2000}

16 Matasiahi and motheds are avislable as wupperting
mibaiial o Seimier Onlise

17, A Walsriton of &, Mature 459, 530 [2i02]

18 I Iheng P Harrisan M. Gersen, Gamams Rar 12,
56 [2002)

T8 CoLWE ¥ Xy Trends Genet TR, 243 (2003)

W e

Ed

o]

A Map of the Interactome Network
of the Metazoan C. elegans

Siming Li,"* Christopher M. Armstrong,”* Micolas Bertin,'*
Hul Ge,"* Stuart Milsteln,'* Mike Boxem,'*
Plerre-Olivier Vidalain,'* Jing-Dong ). Han,'*

Alban Chesneau,"™ Tong Hao,' Debra 5. Goldberg,® Ming L,
Monica Martinez,” Jean-Frangols Rual,™ Philippe Lamesch,™*
Lal Xu,*t Muneesh Tewarl," Sharyl L. Weng,” Lan V. Zhang,*
Gabriel F. Berriz,” Laurent Jacotot,’] Philippe Vaglie,} Jérdme
Reboul,': Tomoke Hirozane-Kishikawa," Qlanru Li,'
Harrison W. Gabel ' Ahmed Elewa,'| Bridget Baumgartner,
Debra |. Rose,® Halyuan Yu,” Stephanie Bosak,?
Reynalde Sequerra,® Andrew Fraser,” Susan E. Mango,'”
William M. Saxten,” Susan Strome,” Sander van den Heuvel,"
Fabio Plane,’* Jean Vandenhaute,* Claude Sardet,”

Mark Gerstein,” Lynn Doucette-Stamm,” Kristin €. Gunsalus, ™
. Wade Harper,™ Michael E Cusick,” Frederick P. Roth,?
David E. Hill," Marc Vidal'

To initiate studies on how pratein-pratein interaction (or “interactome”) networks
relate ta multicelular functions, we have mapped a large fraction of the Casno-
rhahditis efsgans interactome netwark. Starting with a subset of metazoan-spedfic
prateins, mone than 4000 interactions were identified from high-throughput, yeast
ero-hybrid (HT=¥2H] screens. Independent coaffinity purification assays exper-
imentally validated the overall quality of this Y2H data set. Together with already
described Y2H interactions and interclogs predicted in silico, the cument version of
the Warm Interactome (W15] map contains - 5500 interactions. Topological and
biclogical features of this interactome network, as well a5 its integration with
phenome and transeriptome data sets, [=ad to rumerous biclogical hypotheses.

To further understard bealigical processes. it 15
impartant o consider protein fnclions in the
comtext af complex: malecular networks. The
shudy of such networks requines the avaikbilsy
af protesmewide proein-protein imerctan,
ar “mieractame.” maps. The yeast Sacoharem
ey eerevisae has been used o develap a ew

karvate unscellular miersctomse map (-6
Coemahabais elegoes is an wleal moded for
stusying how protein networks relate o mul

cellularity. Here we investigate fis inferaclome
network with FIT-Y2EL

As YIH haits. we selected a set of 3024
warm predicted preteins that relate directly or
indsrectly o multicellular functions (7}
Gateway-clened open reading frames ((FRFs)
were available in the C slegaony ORFeome

L1i&) for 197K af these selected proteins. OF

these, B autactivated the YIH ALl PHST
reporter gene as Gald DNA hmding domain
fusions ([MI-X), amd 24 others conferned tox
icity to yeast cells. The remaining 1873 basts
were screened against twa different GaM ac
bivation domain lhrares {ADvwrmcDNA and

23 |ANUARY 2004 VOL 303 SCIEMCE  www.sciencemagorg

REPORTS

A

Probabilty denssy

Fig. 2 Analysis of the WIS network. [A] Modes (representing proteins) are
colored according to ther phylogenic class: anoent red), multicellular
(yellow), and worm [blue). Edges represent protesn-protein interactions.
The inszt highlights a small part of the network (B) The proportion of
proteins, Fk|, with different numbers of interactng partrers, k, is shown
for £ elegans proteins used as baits or preys and for §. cerevsiae proteins.
(€] The pie charts show the propartion of interacting preys found in Y2H
sereens that fall mto each phylegenic class. Alsa shawn is the destrbution
of all preys found and all preys searched in the AD-ORFeame?.0 library.
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Nature 408 307 (2000) news and views feature

Surfing the p53 network

Bert Vogeistain, David Lane and Amold J. Levine

The p53 tumour-suppressor gene integrates numerous signals that control
cell life and death. As when a highly connected node in the Internet breaks
down, the disruption of p53 has severe consequences.
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Molecul Biology of the Cell
Vol. 10, 703-2734, August 1999

Molecular Interaction Map of the Mammalian Cell
Cycle Control and DNA Repair Systems

Kurt W, Kohn?
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Bon-covaleil Biading, Tor exdamgie helwean prdiing A and
B. A Nl ciecle or “sode” can be placed on e
comnecting line to represent the A:B comphex lisedi.

Adyininelric bimiling whare protein A comsinbuies a pepisde
that bimedks toa recepeor site or pocke oo protzia B

Regreentmon of muliimoleculesr complexes: © s Al v
is |A:BEC. This moiation is exiersible 1 piy aumber of
il.'lll'.Fl:IIHIb.lLUI.l:lupll.'l

Covsden malificsisim of pritisin A, The single-armowd
ling isfcales that & can exist in a phosphorslaied saie.
The node represents the prosphorylaled species.

Cleavage of & covalent bond: dephospharylation of A by
2 phosphaiass.

Progealytic eleayig: a1 o specfic sile within g prolein

S clstinE e comversaon of & inli; B

Trean=pod of & fram cyiosol in nocless. The filled
circle represents A affer i has been tanspaned imo the
miic beans (the nide Posaciens ke a dinng mask)

Formetion of a komodimer. Filled circle on the right
represanis anodther copy ol A, TEe filled corcle cn 1he
bemdeng lise sepeesents the hoomdimer A&

£ ia B gianbinatiom of skates defined by x and ¥

Enrymaiic stimulamon of a reaction.

Cieneral symbal for stimolatos

Clenizral symibal for inkabation

lorthend symbal Tor wanseripicns acivalion,

shorthend symbal for ranscripliensd wdakation

Diegradetion pendacis
Figare 1. Summary of synbok.
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& Using process diagrams for the graphical

representation of biological networks

Hiroaki Kitano', Akira Funahashi'*, Yukiko Matsuoka® & Kanae Oda "

With the increased interesd in understanding biolegical netwarks,
such &s protein-probein inferaction networks and pene regulatory
nelworks, methods for representing and communicaling sech
nebworics in bath human- and machine-resdable form have
become increasingly important. Although there has besn
signiificant progress in machine-readable representalion of
nelworks, as exemplified by the Systems Biology Mark-up
Larsgisage [SEML) (vp:iwaw, sbind_org) issies in human-
readable regresentation have been langely ignored. This article
distisses humar-readable disgrammatic reprassntations and
propeded & sel of notations that enhances the Tarmality and
richness of the information represented. The process diagram is
& lully state transition—based diagram thal can be trandlated into
maching-readable forms such ax SBML in a straightiorward way.
I1 s supported by CellDesigner, & diagrammatic network editing
saltware (hitpatwww.celldesipner orgl), and has been used bo
represent & variely of networks of vanous siees [Trom only a few
components to several hundred componerits).

Drawing diagrams with reades and arrows is the commen ap proach for
representing haw proteins and genes interact, and papers frequendly
inclade such informal no<de-and-arrow diagrams. Alibough such di

grams are useful in providing an intuitive idea of how proteins and
penesinteract, the imfarmaticn contained in such disgrams is not precise
hecause the syntax and symantics of the symbals used terd to e ambigu

ously defined. Often, arrones adopt multiple different meanings, so that
correct inferpretation of the diagram deperds upon the knovdedge of
the reader. For example, Figure 1a shows a typical diagram aften found
in signal fransduction papers. In this example, an arros symbsal could
he mterpreted four different ways: acivation, transkocation, disscci

teanaf pratein complex and residue medification. Carrect inferpretation
of which bioogical process the arrow refers to depends entirely an the
reader’s knowledge. In general, such ambiguitics and lack of mfarmation
are not & major problem as Jong as the diagrams are small and represent
genies, prateins and their lecal interactions, However, problems emerge
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when representing inferactsons within larger networks. Therefore, there
i a need for diagrams that contain unambigueus process informatian
ini the symbols wsed and that can be transferred o standard machine
readahile codes such as SBML for computational analysis®,

Circuit schematic diagrams used in electremics are ideal examples of
a graphacal dugram. Engineers can reproduce the circaits drawn in the
schematic diagrams without substantial additioral informatson, hecause
the diagrams are unambiguously defined, contain sofficent information
and are hased on well-accepted standards.

Kart Eohn was the first to produce canonical representations for
mcdecular inlermiun.a:'"; and other researchers have heen working
on alternative representations"*, Unfortunately, none of the propesed
schemses has been widely wsed for a vanety reasens. For examiple, there s
1 saftware tool 1 create a Kohn Map efficiently, and this type of repre
sentation does rot explicitly display temporal processes, which makes it
difficali for readers io understand the sequence of events. Tagrammatic
Cell Language { DL modifies Kohn's rotation”, but suffers from similar
prablems in that it does not explicithy desplay 2 bemporal sequence of
events and lacks publicly aocsssible docaments and supparting software.
(rher notations have different sharteomangs.

Acsuccessful diagram scherme must: (1) allw representation of diverse
binlogical objects and interactions, (&) be semantically and visually
unambiguous, (i) ke able to incorporate natations, {ivh allow software
taols b comvert a graphically represented madel inte mathematical for
mulas for analysis and simulation, (v] have software support o draw
the diagrams, and (vi} ensare that the community can freely we the
notation scheme,

We have accumulated substanizl experience in creating molecular
interaction dugrams of various sizes, ranging from several components
and interacticns to several hundred components and interactions'™',
Whereas associatians and combimatorial hindings of molecular species
can be compactly described by an entity-relationship diagram {15 exem
plified by Kahn's diagram], temporal orders of reactions are made implacit
so that intustive understanding of the proces of reactions is diffioalt. The
process duagram explicitly represents the temparal coder of reactions and
states of molecales and compleses af the cost of an increased number of
nodes and lines in the diagram. We have previously argued that either
approach can be used, depending upon the purpose of the diagram, and
bath notations can maintain compatible mformation internally, bat
differ in visualization”. In our experience, lowever, a process diagram
graphically representing state tramsitions of the maleoales imvalved &
more irtuitively urderstandable than an entity-relatiarship diagram.
This article describes in detail how process diagrams can be a vehicke for
represzniing hiclogical netwarks.
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Figiim 2 Proposed sal of symibols for reprasaiiling biclopes! raliwodks wilh process digrams, Spmbols
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at could arise from the implich nefure of state fransibon dessrption
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Theorem

Nec. Cond. (the unpacking side)

Given a biological network satisfying the condition C1, ..., C», it
can be rewritten as a conjunction of N Zsyntax theorems

Suff. Cond. (the packing side)

Given a conjunction of N Zsyntax theorems satisfying the
condition R1, ..., R™, it can be rewritten as a biological network
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Is ZSYNTAX too simple

to grasp biological complexity?
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Informational content and context dependence
Function and context dependance
Post-translational modifications

Allosteric modifications

Different kinds of interactions
Compartimentalisations

Quantitative aspects

Role of time

Z-conjunction: &;
Z-interaction: ©;
Z-conditional: —,
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The shift from plain formulas, such as A, B, C, etc., to labeled
formulas, such as A:x, B:y. C:z. etc. — where x, y, z are labeling
strings, consisting of suitable variables, parameters or function
symbols - greatly enhances the expressive power of Zsyntax
and is well-grounded in contemporary logic.

The basic idea is that of generalizing the inference rules to deal
with labeled formulas in which the labels are used to specify
any kind of additional information concerning the entities to
which the formulas refer.

Then, the purely logical mechanism is integrated with a
labeling algebra specifying the way in which the values of the
parameters should be propagated by each application of the
rule.
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The labels are strings of suitable

variables, parameters or function symbols.

For example, EVF’s can be replaced by more precise
empirically valid rules such as:

so that, in this specific case, the corresponding instance of

the (logically valid) rule of MP would take the form:

expressed by the
formulas.

The logical content is 5 A — AOB:|y,t,] A:[x,t,]

AOB:[g(x,y), t]

The empirical
content is expressed
by the labels.
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The general format of the labeled rules is as follows:

| The assumption
in curly
brackets is
“discharged”

C :lz],...Cn:[z,], {A:[x]}

B:[h(z,,....z ,X)]

h
A—>B:lz,,....z ] h is a function
\ that depends
on the the path

from A to B
(given C,,,...,C,)

A—h>B [x] A:ly]
B:[h(x,y)]

This intelim rules are “harmonic” (in the proof-theoretical
sense): the elimination rule can be “justified” on the basis

of the introduction rule.



Theorem
TP53[a,t,] & MDMZ2[b, t,] & U[c, t,] & P[d, t] |- d(TP53)[e, t]

Demonstration

1.

CIREE IR CORS

MDM2[a, t,] & TP53[b, t.] > MDM2®TP53[l, t,]

(MDM2 ®TP53) [I, t,] & U[c, t,] - (MDM2®TP53)@U[m, t,]
(MDM2®TP53)@U[m, t,]- MDM2[n, t,] & (TP53®U) [o, t,]
(TP53®U) [o, t,] & P[p, t.] » (TP53@U)®P[q, t,]
(TP53®@U)®P[q, t,] - d(TP53) [e, t.] & U[u, t] & P[v, t]
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Zsyntax: A Formal Language for Molecular Biology with
Projected Applications in Text Mining and Biological
Prediction

Giovanni Bn‘.:lnnin'.:lnln‘.:ln"2,r Marcello D’Agustinua, Pier Paolo Di Fiore'?4*

1IFOM, Istituto FIRC di Oncologia Maolecalare, Milano, Italy, 2 Dipartimento di Medicina, Chirurgia ed Odontoiatria, Universita di Milano, Milang, Italy, 3 Dipartimento di
Scienze Umane, Universith di Femrara, Ferrara, Italy, 4 Istituto Europeo di Oncologia, Milano, Italy

Abstract

We propose a formal language that allows for transposing biological information precisely and rigorously into machine-
readable information. This language, which we call Zsyntax (where Z stands for the Greek word Lwn, life), is grounded on a
particular type of non-classical logic, and it can be used to write algorithms and computer programs. We present it as a first
step towards a comprehensive formal language for molecular biclogy in which any biological process can be written and
analyzed as a sort of logical “deduction”. Moreover, we illustrate the potential value of this language, both in the field of
text mining and in that of biological prediction.
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The research programme

Future steps:

1)

3)

elaborating the correct formal framework for
Zsyntax

constructing the right algorithm and software to
implement our logic in a computer (both for text
mining and for prediction)

showing the foundational relevance of the language

joining the logical language and the differential
equations of molecular biology
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