Che mical Signaliag

How is chemical signaling used ?
€2.1.2— signaling by bacleria in Quorom sersing
(Quorvm sensing => a change in the behavior of a colony when its popolation densidy ceaches a ceclain Haeshold

More cells = more chemical messenger molecoles

@ Ceclam densily, enough molecoles have been cecewed lo  cavse change in  aclivily

Vibeio fischer: and molvalism @/ boblal sqoid . The boclecias allow squid {o  create

€x: biolomnescence in

lominescont proteins. Bot this only haprens when thece s a min. amount.

€215 —(ocal/ distant eflect of sigraling molecules
Hotmones| can have effects over [large distances|(travel taough blocd fo get {o cells)

Nevotransmitler | produce |localised| effect between 2 nevrons

Endocrine cell Receptor
)
@ 1
Hormone @ - %

Bloodstream 0\~

_A_synapse

3 sleps of Chemical signaling:
{. Receplion => cell delecls sgnaling molecole fcom oviside/inside e cell
2. Transduckion => Signaling molecvle binds 1o Hie ceceploc prolein, Cavsing a Conformatioral Change

3. Response *>signal cavses a specific chemical cesponse
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Types of chemical signals

€2.1.3 — Hormones, nevrotransmi Hers, cylokines, Ca™' *>Signaling  Chemicals

Hormones
EndocrinelNglands)=> secrele hocmones inko Synaplic transmission (behween nerves)

the bloodsiceam Hhroughovt  the body TIsolated to just Heat necve junchion

Target cell have receplor proleins Shoct effect time

|
)
]
)
[}
|
|
|
May have a long effect time , Removal from synapse
|
]
)
I
|
]
)
)
\
\

€x.. Ex:
insulin acelylcholine
9lucagon dopamine
{estoslecane serotonin
esisogen

Moscle fibres => Calciom ions bind do a grolein on ackin 4o

(CyHOKines -> proteins Hal act as chemical
messages  wilin cells / belween neacby cells alow myosin heads fo aHack
Can have multiple effects depending Neorons = Cavses the release of nesrokcansmilers Scom Hie
on binding sile presynaghc  nevcon
Ex:
Inlecfecon
erythoopoietin

C2UNA— divecsidy of homones * nevroleansmitters

Hocmones ; Nevrolransmittecs:
Evolved Sepacalely many limes L1 2 wydcophobic :
{. Stevoids Jmaee | Amines .y
Similarities? 2 Amines: wydrophilic 2.Amino acids u!a:‘v:"f‘
akm“r«eﬂm .: cell
Small . 3.Eslecs “Soctace
3 pephides
soloble 4. Gases
Have shage compatlible w/ cxegplor ~—_— — —~— —
Consideced  hormones consideced  nevrolransmitlers
be. of ““.""’ toal be. of He way jhal
they weork 3 whece fhey they wock 3 whece fhey
Come from Come from
NOT NOT

be of sicucture be of sicocture
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Wha! ae receplocs ! how taey belp.

€2.1.1— Receplors = proleins W/ binding sile
when ligand binds lo receplor profein’s binding Sile, Prolein undergoes

O - iy ) 9
a Fon#ormahoml ckanac;

( Prolein receplor > ligand - binding  Sile May Cause: l'aa“d .
8 =
I.Change in gene expression Specific to pote,
2.KkicK off secies of cellvlac responces t-i\t;a-n;i-r;r;\o:w:s_“
onchanged, does

Liqand rot vndergo
€2.1.6 — transmembrane /inkracellolas  ceceplocs ;:yﬁdmx'" w“m,m‘
tein 4 lo
GRS - i plasma membrane el )
@Alcaczlivla® => in cyloplasm / nuclevs losis.

CAN Hhe chemical signaling molecvle even emler Hie cell
CAN| enler  cell:
Receplor protein = in cyloplasm /nuclevs STEROID HORMONE
TIniracellvlac
Sucface of receplor = Coveced in hydrophilic amino acids (dissolved)

CANNOT | enler He cell
Receplor prolein on plasma membrane

M SHSS 7985

(Hydrophilic/ hydrophobic amino acids

2

€20}~ Tuilabon of sgral lcansduckion by receptos
TRGRSAENBANGRRY > Sequonce of mlecachions nilialed by the ligand binding o the o—
' ERIREERREIRRIRGD-> | ypnd enters the ell, binds o receplor, Complex regolales

Jene expression
Together, they enlec nuclevs

2
—”lgmd binds with teceplor, receplor changes shape, produces

secondary messenger molecules, causes Changes within cell

Second
messenger .
Molecoles inside
cells that celay
signals received
by cell-sucface
teceplors
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Diffecent exivacellvlar cepiors!
€2.4.3 — Transmembrane veceplors for nevroiransmi Hecs ! membrane polential

Neurolransmi Hees  aee released fom the pesynaplic  nevron

They ivavel turoygh e Synaplc gap USROS S5
Can also
They bind {0 receplors on e posisynaplic  nevron happen belween
g ) . nevron 3
Called ligand -galed sodivm ion Channels e
Cavses Sodivm ion Channels {o open k> acetylcholine =
messen, inclods
Sodium enlecs e cell via facildated  diffusion Compron ne uro’%“‘; :Lsc?e bej wesn
Changes membrane  polential fibecs

The products = absorbed bock {0  presynaplic membrane, vecycled ?‘paawsed inlo vesicles ceady fo be used

ACTION
POTENTIAL

nsam

VESICLES
CONTAINING
NEUROTRANSMITTER

LIGAND
GATED
ION CHANEL

ACTION POTENTIALS RE-START, ALLOWING IMPULSE TO
CONTINUE DOWN AXON OF POSTSYNAPTIC NEURONE
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_NON STEROID
‘ LIGAND

€2.1.9 — Receplors that aclivale G prolteins

-=> 6-?ro4¢-'n COUPW fCCGP‘“S ‘Of mmple QEEJUSEANE @w
EFFECTOR
heomones (BRCIE
T . —a P
ransmembrane @ceplor proteins  [Dopamine secotonine

GoP > guanosine  diphosphate oxy4ocm_
@GTP-> guanasine  tsiphosphale

Posta: N A /

when GDP - bound {0 o & ?TO‘Q!‘I\, il s inackive ACTIVATED

G-PROTEIN

G-PROTEIN SUBUNITS OR SECOND
MESSENGERS TRIGGER CELL RESPONSES
e.9.REGULATION OF ION CHANNELS

Wwhen ligand binds do recepior, the GPCR changes  Shape
!'mmces conlact w/ G-protein (which s composed of X8 Y subunils bound o a GDP mo lecole)

™is conlact prompls GDP {0 be ceplaced by GTP.
This cavses the 6ok lo  ackvale, disassemble and cavse changes within He cell
X! 6P bind and achvale enzymes
BiJ bind ad achvale ion chamnels
The GTP, &8 ) svbunil detach from GPCR i can atiack lo othec profeins
—_—
C2.110— Epinepheine (admnaling) ceplors ligand cannot enfer cell
Epinepheine = adrenaline  Key vol on fight/flight
Hoemone produced by odenal  gands Ex. hydeolysis of

\ -> qlu
On Kidneys Jrepn TN

. _
Binds w/ a G prolen (Haoygh a +eansmembrane  receplor) R IE%\
Cavses ATP 4o be convecled inbo

OUTSIDE THE
LIVER CELL
K
INSIDE THE
LIVER CELL

a secondacy messenger molecole called
cyclic  AHP (cAMP)
Amplifies  effect

Produces glucose

ﬂ

INACTIVE PROTEIN KINASE | 5| ACTIVE PROTEIN KINASE |
A ENZYME | A ENZYME

INACTIVE PHOSPHORYLASE ﬂ: ACTIVE PHOSPHORYLASE
KINASE ENZYME KINASE ENZYME

INACTIVE GLYCOGEN
PHOSPHORYLASE ENZYME

»|ACTIVE GLYCOGEN
‘PHOSPHORYLASE ENZYME

[Gtveosen] = [crucose]

[EPINEPHRINE BINDS TO LIVER CELL MEMBRANE RECEPTOR]

[ PROTEIN IS ACTIVATED |

‘ADENYLYL CYCLASE CONVERTS ATP TO cAMP ‘

[cAMP INITIATES ENZYME CASCADE |
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C€2.1.11— Receplors W/ {ycosine achvity
KiRase -> special lype of enzyme Mal phosphorylates molecoles by emoving a phasphale  groop from  ATP !
adding i do a molecole
Take oul phosphale foom ATP : place it on anothec molecule

(TYRoSinelEinase)-> enzyme Huat transfes o phosphate goovp fom  ATP 1o in a qrolein
BRs =
el ST
when glocose (evels | sl

S Promote qlucese
Bl /.
£x: binding o’)i—nsu(i_n fo the {cansmembrane recepior profein v levels wi Hain
blood stream
Tnsolin  binds 1o 4ycosine Kinase fecepior (TKR)
TKR has an X unit Hhal can be found in exivacellolar  space } 8 domain in intrace lvlar space
The Tyrosine Kinase enzyme = Sfound within £ domain
Confocmalional  change o ironsmembrare prolein
Tyrosine Kinase (on #) become avlophosphorylaled
Cavses tTyrosine Kinase fo add phasphale Qroups onfo  profeins
Cavses a confocmational change o proleins that are embeded on vesicles
vesicles => fuse with cell membrane
Glucose +ranspoclecs = insecled  inlo membrane

Glocose can diffuse inlo cell W/ moce ease

1. Insulin binds

0o ©

[ ¥ 29 A Y90
o e Sobbbebbbibbbibbbbibbbbbdbdd. | b b 00
2. Tyrosine s ¢
CELL-SURFACE x ! Kinase ) *
e 6. Protein Synthesis & vl
MEMBRANE 7. Cell Survival 4. Translocate 5 Gjycose uptake
RELAY 8. Proliferation GLUT4 transporters 1
PROTEIN . k

=P

% A /¥ Metabolism  Storage

%?i P,P 3. Signaling Givcolysis | Glvcogenesis
Sz s S, e N
& é)) AKT, AS160 Lpogenesis |

etc. Lipids

ez o
(o5 Jo
&o// d,i%‘ l&é%%%
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How do dif. intracellvlac receplocs work? Slecoid hormones:
€2.1.12 — Tnimcellvlac ceplors | gene expression
Some  hormones = wydcophobic ! con enter cell

They bind Jo intracellular receplor

Hocmone-receplor Complex moves to  nucleus
Complex aHackes Jo DNA I changes gene exprssion

cink Can mean mawy

promole  teansceiphion / tanslakion| 9 ":_"35
dicect\y impacts

ITnhibe i i
nhibit tcansceiption / translation genelic expresion

€2.1.13 — effect of ocestradiol : progestewne on taget  cells

responSible  foc

" owvary produces €43s.
C_temale seroal chacaclersies { fhese o Sorounded by cells called  folicles

Oestradiol tcagen
Stradiol /cestreg | Gwhen acled vpon by pitvitary ocmones (LH/FSH), they
b | A Secrete
main. )
kavels b hyw*m'amus Fallopian Tube Uterus Fundus Uterine Tube ocs""dlo'
enlecs cel(g binds 1o mPfOrs i
§ cavses z\eoce GnRH EEi7
relea ses hypothalamos | Msff;e‘:‘: Vs o \
hmmon)e every thing {f £
(GnRH b, F=
S W s
Pro THIN F.‘m[m o | i
mpts pitvitacy '} Myometrium
land fo release "
2 hogmones: Vagina ! Even if brain ¢
LH i FSH, ‘ gl conx ovacies a:ce »
Trave ) fac apact, they
Hltoush blood ace connec ted
and act on tissve by hormone that
found in ovac.es can endec cells.

.

“'Positive feedback loop -

sible maindenance
ik b:don&nal

Progesterone ligning

Fallopian Tube Uterus Fundus Uterine Tube
\

7

/‘nkem embryo woold imglant
Encometram ] .. impoctant +hat these cCells have

Myometrium a ot of uuinq&s

Cervix

>progesierone  +ravels Hheoogh  blood  fo these” cells, entess, bind lo ceceplors
thal can inlensity npolrient valve of l.3nm5
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Some  pathways - homeostasis .. othess, exteeme responses
C2.1.14— cell Signaling theoug (+/-) Yeedback

T Negative feedoack loop

& Maintaining stable Conditions / ranges

6 Tncreasing [ ] of end producks inhibils fucthec produchion

ex: deslosiecone wockes to GARIBEP fucther GnAH production

t’ium of# gore that produces
GnRH

relea ses B ol
hocmone hypo“mlamvs] Sland L < tum off (u production
(6nRH)
b . en off test production
pilvitary | gland
il
1]
O testes
+eslosierone

(has tacget

cells in many
Paris of |body)

Positive feedback loop
© Final product triggess more produckion of product

°  €x: calcivm induced calciom release in moscle contractions

O calcivm ion

calcivm ion
Channel

4ei -
next Step | Chamnel ~ Hee next
opens, ion

Passes +open | LU
next channel o

[
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