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Systems biology involves

1. Data acquisition;
2. Data organization and integration;

3. Computation (mathematical
modeling).
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Three Stages of Signal Transduction

of extracellular signal by cell

of signal from outside of cell
to inside of cell—often multi-stepped

Note not necessarily transduction of ligand

. Cellular

Response is inititiated and/or occurs
entirely within receiving cell



Transduction of signal from outside of cell to inside of
cell—often multi-stepped

Note not necessarily transduction of ligand
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Chemical Signaling Between
Cells

Three general categories of chemical signaling:
*Cytoplasmic connections between cells
Cell-to-cell contact-mediated signaling
*Free diffusion between cells

Distant cells (hormones)

*Adjacent cells (within interstitial space)



INTRODUCTION

- Signal Transducing Receptor Classes
- Receptor Tyrosine Kinases

- Receptor Serine/Threonine Kinases

- Phospholipids and Phospholipases

 G-Protein Coupled Receptors
 G-Proteins

* Intracellular Hormone Receptors




[Ipupona OMOJIOTHYECKUX CUTHAJIOB

Chemical Signaling Between Cells

Lock & Key Hypothesis



Bricokast ap(pMHHOCTB perenTopa u
JATaHA , II0-BUJIUMOMY, IOCTUTACTCS 34
CYET KOHIPYPHTHOCTH Y4aCTKA MOJICKYJIbI
pPEIENTOPA, HENOCPEACTBEHHO BXOISIIIETO B
KOHTAKT, C JIMTaHJI0M. BriepBbie Takas
MBICJIb ObL1a CPOPMYJIMPOBAHA
HOOeneBCKkUMH Jaypearamu 1908 roma
N.M. MeunukoBbiM H I1. Dpaunxom.
Cy1ieCTBOBaHHUE TAKUX
CIICIIMATIN3UPOBAHHBIX JOMEHOB B
MOJIEKYJIaX PEHENTOPOB IIOATBEPKICHO
COBPEMECHHBIMM MCCIIEIOBAHUSIMU.



MpuHUMNUaNbHbIA MOMEHT:

[lepeaaya curHana npoucxoguT B
pe3ynbrate pn3n4ecKkoro KOHTakTa
riuraHga c peuenTopomMm.

All of latter involves the physical movement of
Ligands.

That is, Ligand Reception by a Protein

Note that Reception means
Molecule-to-Molecule Contact



KoncTanTa apprHHOCTH OTpakaet
SHEPIUIO CBS3H JUTAHI-PELCHTOP.

The equilibrium constant

(association constant):
K =K
eq A

Provides a qualitative measure of
the affinity
AG= -RTaneq.



DHTPONUIO TEPMOAUMHAMUYECKOM CHUCTEMBI MOKHO OIIPEICIUTD
4epe3 MHOKECTBO BO3MOKHBIX PABHOBEPOATHBIX (MUKPO)
KoH(pUrypanui (£2), COOTBETCTBYIOIIMX KOHKPETHOMY
COCTOSIHUIO CUCTEMBI:

e kb nocTosiHHas boJibliMaHa (MMeeT pa3MepHOCTh
yHeprus/T).

S=k, InQ2

M3MeHEeHHs SHTPOIIMHU B TEPMOJIMHAMHUYECKUX 00OpaTUMBIX MpoIleccax
(AS). MakpOCKOMMYECKOE ONMPECIICHUE:

AS=[5Q/T



DHTAJIBIIUA WY SHEPTUS PACIIUPEHHOU
cucTeMbl E paBHa CyMMe BHYTPEHHEU
3Hepruu raza U

)51

IIOTEHIIMAJILHOU dHEPIUM E = PV

H=U+PV



CBoOoaHas sHeprus (hyHkius) I mooca:

G=H-TS§

ANG=AH-T A4S

Must know this!

M3MEHEHUE SHTPOIMU MUPA B PE3YJIbTATE U3MEHEHUU B CUCTEME:

AS =AS +AS
total _surr SYS
AG=AH-TAS

A

TAS. . M TAS T

surr) | system




Kiaccrnueckum onpeneiieHueEM SHEPTUU
[ nO0ca SBISACTCSA BhIPAKCHUE

G=U+PV-TS

I ne:

U — BHyTpEHHSAA S3HEPT U,

P — nmaBneHwue,

V — 00BéM,

T — abcomroTHaAs TeMIeparypa,
S — 3HTpONUsI.



The free energy enables us to do changes that occur
at a constant temperature and pressure (the Gibbs
free energy) or constant temperature and volume (the
Helmholtz free energy.)

The Helmholtz free energy 1s of
interest mainly to chemical
engineers



Clarks Theory

YC10BUA IPUMEHUMOCTH
KJIACCUYECKOU MOJECIIHN
B3aMMOJIEUCTBUSA JIUTaH]I-

pELECIITOP



1 oOpaTuMOCTh CBSI3bIBAHUS

2 BCE pELENTOPHI SKBUBAJICHTHBI 1
HE3aBHUCHMBI

3 OMOJOrMYE€CKHH OTBET IPONOPIHIOHAICH
KOJIWYECTBY 3aHATHIX PELCITOPOB

4 mapaMeTphl CBSI3bIBaHUS U 3(P(PEKTUBHOCTH
ONPEACISIOTCI B COCTOSHUH PAaBHOBECHS

5 JWraHj HE U3MEHSIETCS XUMHUYECKH



SIGNAL-TRANSDUCTION EMPHASIS

signals that are released from one cell and
allowed to freely diffuse to a second (or more)
recipient cell(s)

We will consider in particular those events
that follow the reception of chemical signals

We will not dwell on the purpose of the
signal



B3anmMmopaencTBrue MoJaeKyibl auragga (/) co
CBSI3BIBAIOIICH MOJICKYJIOU (b) B YCIOBHSIX
PABHOBECHUS MOXKHO OIKCATh TAKUM
YPaBHECHUEM:

k1 [b][]] - k2 [b] = O:;

kl/ k2 =Ka;

Kd = Ka'!

[Bound/Receptor]

[Free Ligand]



[b]] [D]]
[DI[]] (B - [BID]/]
Ka (B, - [bl]) = [bI}/ [1] ;

Ka =

Ecomu: [bl|=B; [[]=F

To: B/F=Ka (8,—B)

nmojiygaem ypaBHeHue Ckeruapaa



Pa3MepHOCTbh KOHCTAHTHI
accolaly — 0OpaTHbBIE MOJIU
(M ), Ho 1151 XapaKTepUCTHKH
a((OUMHHOCTH Yallle MOJIb3YHTCS
BCJIMUYMHOMN KOHCTAHTBI
aucconuanuu (M).

Yro kacaercsa BeanyuH K :
HaOJIFOAAEMBIX B IIPUPOJIE, TO
1151 OOJIBIIMHCTBA TOPMOHOB
3HAYCHHE YTOU KOHCTAHTHI
JI€KUT B 00JIACTH OT

10 mo 10719 M.

J11s1 ceneuyHoro riMKo3uaa
ouabain 3Ta BEJIMYMHA MTOPSIIKA

10° M.

[Bound/Receptor]

BIF

arctg K,
!

[Free Ligand]




The equilibrium constant (association constant): Keq =K,
Provides a qualitative measure of the affinity AG= -RTaneq.

K. = [ML] Kp = [M][L] [M] is the concentration of the protein,
4 IM[L] [ML] [L]is the concentration of the free ligand

The fractional saturation —Y:

Ve LML] = [iM][L]Keq - Keq[L] _ [L]
(M]+[ML] [M]+[M]LIK,, 1+KglL] Kp+[L]

a

When the protein 1s half saturated with the ligand the
ligand concentration is equal to KD

L__elve  Newe <05 =2 Bl B s =l

E_KD+[L]1.Q :




Multiple Independent Binding Sites

V—n Y V - the moles of bound ligand over the total protein concentration

L )/7 ”Kass [L]
= z i = V - varies from 0 to n (instead of 0 to 1 for Y)
Scatchard plot
V n V
= Ky — Koy V' = =

ass ass

[L] Kp Kp



KoHKYypeHTHOe HHTHOUTOPOBAHME

Nuarndurop canxaer K Ka,ss = Kass , 1 :
- (1+ K []]}

[I] - inhibitor concentration,

KI - association constant of the inhibitor.

The fractional saturation —Y:

Y = Ka’ss[L] = Kass-L]
1+ k2 [L] E 1+K  [L]+K;[I]

ass dasSSs




Cooperative Binding

- Positive cooperativity is observed when K2 is larger than kon/2koff.
- Negative cooperativity 1s observed when K2 1s less than kon/2koff

plots of V versus [L]

non-cooperative, positive cooperative, and negative cooperative

Ligand Binding Ligand Binding

2 25

; |
15 #=Non Co

> il Pos Co >

11 gy |\l CO +

0.5 5
0.002 0.004 0.006 0.008 0.01 0.00001 0.0001 0.001 0.01 0.1
(L [

linear scale semi-log scale



log 1\-(Y =n-log[L]- n-log K,







Independent sites - microscopic and macroscopic binding affinities

(binding of two ligands to an immunoglobulin)

K K
M+L—Ll s (ML) —2 (ML,)

Kl = LWL] K2 - [ WLz ] I Zk/\'oj; 2 -two ways to make [ML].
[M][L] [ML][L] g
k

K equilibrium association constants K, =3 ;| 2-two ways of forming [ML]
. e ~off  starting from [ML2].
K~ macroscopic binding constants

microscopic association constant
if only one ligand can bind

_k,,  Kkinetic rate constants
BB =S . for ligand binding is kon
- for release of the ligand is kog




Signal Amplification (Cascade)

ECF

Ligand

M

ICF

ATP +

@

Protein

L
/ \_

Active binding site

ADP +

Protein

_®




Phosphorylation Cascade

Protein Kinase

Protein—OH + ATP mm) Protein—O—P—QO  + ADP

RO

P, H,0

Protein Phosphatase

» [InHamun4yeckoe paBHOBECHKE B KIETKE:
« AKTnBaUua benka KMHa3on, geakTnBauusa doocdarason.
* B HOpMme curHan He MOXET ANMUTbCS BEYHO.



A simple model of enzyme action:

k1 kcat
EtS ——ES — E & P
K Vv, =k_[ES]

HavajabHasi CKOPOCTHh PeAKINM — KOHIICHTPAIUs
IpOJyKTa Majia, CyocTpaT B U30bITKE, KOHIICHTpaL[Us
cyocTpara MHOI'O OOJIBIIE YeM

npoxykra ([P] <<[S]) u

depmenTta ([E] << [S]).



Kk Keat
E+s—"'..k ES —» E 4+ P (1)
1

Cxopocth oOpazoBanus: [ES] = k1[E][S].
Cxopocts yosiBanus: [ES] = k-1[ES] + kcat [ES].
CramuonapHoe coctosiHue: k-1[ES] + kcat[ES] = k1[E][S]

Yenosus ([P] << [S]) u ([E] <<[S])).

OOBIYHO CO3JAI0TCS B OKCIIEPUMEHTE U TOTJa COTIaCHO
3aKOHY COXpPaHCHUS MACCHI:

[S], =[S, + [ES] + [P],

TOrIa MpUOMmKeHHO - [S] ) = [S]

s pepmenta - [E]total = [E]free + [ES]



k1 kcat
E+8S —=ES —=E+P

F

K1

Llens, onpenenuts [ ES]| uepe3 namMepsaemMble BEJIMYNHBI.

CrpynnupyeM KOHCTaHThI (KHHETHYECKHUE) U IEPEMEHHBIC

(KOHLICHTPALIHN):
(k, + k) [ES] =K, [E][S],
(k. + KK, = [EI[SVI[ES];

K =(k, +k_)k



Bripazum [E] yepes [ES]| u [E]
[E] = [El,, - [ES];

total®

([E]

" T [ES]

- [ES]) [S]

total



K, = ([Elg - [ES]) [SVES]

total

[ES] K, = [E],,[S] - [ES][S]

[ES] K+ [ES][S] = [E],[S]
[ESI(K,, + [S]) = [E],,[S]
[ES] = [E],,,,, [SI(K, +[S])

total [

V,=k_[E]  [S/(K_ +[S]) (noxcrasnsss V =k _[ES])



B ycnoBusx HachleHus cyocrparoM, korna [ES] = [E] .

[SIK +[S])

V_ =k [E] = noxcrasmwiemsV, =k [E]

max

Vo= Vinax SV +[S])

OTO BBIPAKCHUE CKOPOCTH PEAKIMU Yepe3 KOHICHTpaIluto cyocTpara u K

Ddu3snyecKkul CMBICII Km

[pu [S]=K V =12V __ ; &opu manbix [S]

V, crpemurcax V_[S]/K

V /K (mmk /K )-«kartaquTuyeckas CHIa»
max m cat m



The insulin receptor is a covalent

(ap), dimer

6. 3bunit - extracellular

*8  abunit
sextracellular doman
+*TM domain
« intracelluar domain(TK)

Watson et al. 2004 Endocr Rev 25 177-204

Insulin Receptor (IR) belongs to the
family of tyrosine kinase receptors

| PSSO |
insulin NGF
CORROr  recoptor,  resuplce
15F-1 VEGF
Tecapeor raceplor, 1aosno!
M-CSF

fecipioe
Bray A, Lewis J, Raff M, Roberts K, and Watson JD (1984). The Cell




oncogene
v-erb B

Thr 654
PKCsubstr.

Tyr 1173 - P
exo substrate
binding

m, 180/360 kD
1186 aa




MyTaHTbl peuenTtopa EGF

Thr 654 Tyr 1068,1148,1173
NH2 # COOH

i PKC

NH2 _u
NH2 _L

_Lﬁ 3 3 COOH

affinity Kinase endocyto | DNA Transform.
activity sis syntesis | act.
High
&
Low |+ |+ |+ |-
Low
+ |+ |+ |-
Low
_ ND |[ND
+ +




About 70 to 80 percent breast
precancers have over expression of
Her-2/neu oncogene. Although
Her-2/neu oncogene was first identified

1n breast cancer



One of the fascinating things that
have happened 1n recent years 1s that
an antibody to counteract the
Her-2/neu receptor, can be given intravenously.
It has quite a unique mechanism of action. It
attaches only to cells with too much Her-2/neu
receptor, not the normal ones. Unlike
chemotherapy, with which case most dividing
cells are destroyed, 1t 1s a targeted therapy.

http://EzineArticles.com/?expertZMiChael_RllSSEH






Hacrosimmnn nHxeHep
HEMEJIJICHHO HAaYHET MMucaTh
(PYHKIHIO C 7-10
[IEPEMEHHBIMH 1
MUHHUMHU3UPOBATH €€ C
IIOMOIIbIO CUCTEMBI
ni(hpepeHIMATBHBIX
YPABHEHUM. ..



HNurudourtop camkaer K

. i |
K el
ass ass .
[I] - inhibitor concentration, (1+K[I])
KI - association constant of the inhibitor.
The fractional saturation —Y:
&[] K L]

Y = asSS$s

- | = ass
1+ K L] 1+K  [L]+K;[I]

daSSs




Aldosterone




Spironolactone (BepoIInmupoH)
IC,, ~2nM

Aldosterone
Kd ~0.14 nM

Aldosterone blood plasma concentration
«HopMmay ~ 0.2 nM

«OTEKH, runepronus» ~ 0.5 nM

Jlo3a eepownupona 015 Hopmaiuzayuu - ?









Phosphorylation Cascade

Protein Kinase

Protein—OH + ATP mm) Protein—O—P—QO  + ADP

RO

P, H,0

Protein Phosphatase

» [InHamun4yeckoe paBHOBECHKE B KIETKE:
« AKTnBaUua benka KMHa3on, geakTnBauusa doocdarason.
* B HOpMme curHan He MOXET ANMUTbCS BEYHO.



A simple model of enzyme action:

k1 kcat
EtS ——ES — E & P
K Vv, =k_[ES]

HavajabHasi CKOPOCTHh PeAKINM — KOHIICHTPAIUs
IpOJyKTa Majia, CyocTpaT B U30bITKE, KOHIICHTpaL[Us
cyocTpara MHOI'O OOJIBIIE YeM

npoxykra ([P] <<[S]) u

depmenTta ([E] << [S]).



Kk Keat
E+s—"'..k ES —» E 4+ P (1)
1

Cxopocth oOpazoBanus: [ES] = k1[E][S].
Cxopocts yosiBanus: [ES] = k-1[ES] + kcat [ES].
CramuonapHoe coctosiHue: k-1[ES] + kcat[ES] = k1[E][S]

Yenosus ([P] << [S]) u ([E] <<[S])).

OOBIYHO CO3JAI0TCS B OKCIIEPUMEHTE U TOTJa COTIaCHO
3aKOHY COXpPaHCHUS MACCHI:

[S], =[S, + [ES] + [P],

TOrIa MpUOMmKeHHO - [S] ) = [S]

s pepmenta - [E]total = [E]free + [ES]



k1 kcat
E+8S —=ES —=E+P

F

K1

Llens, onpenenuts [ ES]| uepe3 namMepsaemMble BEJIMYNHBI.

CrpynnupyeM KOHCTaHThI (KHHETHYECKHUE) U IEPEMEHHBIC

(KOHLICHTPALIHN):
(k, + k) [ES] =K, [E][S],
(k. + KK, = [EI[SVI[ES];

K =(k, +k_)k



Bripazum [E] yepes [ES]| u [E]
[E] = [El,, - [ES];

total®

([E]

" T [ES]

- [ES]) [S]

total



K, = ([Elg - [ES]) [SVES]

total

[ES] K, = [E],,[S] - [ES][S]

[ES] K+ [ES][S] = [E],[S]
[ESI(K,, + [S]) = [E],,[S]
[ES] = [E],,,,, [SI(K, +[S])

total [

V,=k_[E]  [S/(K_ +[S]) (noxcrasnsss V =k _[ES])



B ycnoBusx HachleHus cyocrparoM, korna [ES] = [E] .

[SIK +[S])

V_ =k [E] = noxcrasmwiemsV, =k [E]

max

Vo= Vinax SV +[S])

OTO BRIPKCHUE CKOPOCTH PEaKIMUIepe3 KOHIEHTpanuto cyocrpara u K

Ddu3snyecKkul CMBICII Km

[pu [S]=K V =12V __ ; &opu manbix [S]

V, crpemurcax V_[S]/K

V /K (mmk /K )-«kartaquTuyeckas CHIa»
max m cat m
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{a) cAMP-dependent
protein kinase

ﬁogulatofy Ctuly;lc

subunits

subunits

dimer

Catalytic site

"R" RI, RIl npoayKTbl pasHbIX reHOB
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Studies of water transport across cell plasma membrane.
Schematic diagram of the experimental setup
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Hypotonic medium causes cell swelling and activates
adaptive mechanism of recovery which is termed
Regulatory Volume Decrease (RVD).

H.0 H,0 H,0 K\ K
2 2 H.O
/ " N He \ % [ no
[ ] [ \ / ‘J
\/ ) / .
H.O H O
2
HZO HO H.O Cl K* HZO ?

organic
anions

2 2

To understand the adaptive reaction better one needs to
use mathematical modeling of osmolytes fluxes.



Following processes were taken into account in the model of the
cell response to the hypotonic shock :

The equations of mathematical model Cell ion content and ion fluxes

dn,, -
d;\[ — A(_ 3"]pump + JNa + JNKCC )’ SOdlum
dn
dtK - A(2J pump Tk TS ke T ngec ) Potassium
dn
== AU + I gee T2 wree)s :
dt Chloride
d . .
ZtX =AJ,, Organic anions (X)

Em =F (Ilea+ +nk —nc + Z)()/ Cm /A, Transmembrane
potential difference

Cell volume

ci,V :AVWPW(HN" +nK;rnCl +n, _HeJ‘
4

Iliaskin AV, e.a. Biofizika. 2011 May-Jun;56(3):550-60.



Simulation of the RVD reaction in consequent shocks
Time dependence of relative cell volume 1n experiment
(black) and in the model (red)(A). Osmolytes currents and
electric transmembrane potential difference (B).
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