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Mg, Fe, Mn, Zn, Cu, Ni, Mo
K, Cl, Mg, Ca, Mn, Fe, Zn, Cu
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Shabala and Pottoson, 2014) A
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NA8nil (secondary metabolites) 314UN
oA [~4 =1 1 a

nqun 2 Jugesluuiy 1wy sondu
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(reactive oxygen species)
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Ao (1) lulasiauluguvedusiu weulvduas
lusSneenlen (2) weavleTaguneainlosay
wazasUsEnauBuSEneamnvateviln uay
(3) upadeslusUresunaideylonou

o

4. F3UUNTEedRYYIUVRINY

nsasdayaaesiivlunsasdoyano
fhesa Gellanunsgdu 3enu uazuiug)
Tunsdeansneluead  wazseninuead
nsdsdyalianvuziduszuukas iy
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Pottoson, 2014; Wang and Wu, 2013) Fail
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(Mclean et al., 1997) A

1) meluwad Hetuseiaderuwas

bUU

Telnnafunazesuniuadniee Yougas

2) sewirawaddnufes  Hiutesd
lelunaduveawaddnafefinsedety 39
[wonawanalumaninn  (plasmodesmata)
Faduvosvuaduriugudnasuszanas 70
UIULLAT

3) Wewaddwuunndeug  Au
Imaé{’mmmﬁgﬂﬁq Wuansawneaasisuy
fmniwaddesy Iasruszuuvieddes Ae
o dundelnladudadinseneviedu

Signal

5. %umawaamsdaé’mu@ﬁm

fivanu1soneuaue I odmwInd oy
Tagusudilaog1amuigauivaniunisal
leanszuunisieans fesrusenau 3
Usems (Chiou and Lin, 2011) senndi
1uag 2 Ao

1) wadiv3uinisiasunasueg
dandon (reception) msziwadTlUsAY
Vmthilusasudayaal (receptor)

2) arusan1enendy i uiisy
(transduction) lUfsanuBuvesad fens
nanluianagienen (relay molecules) 1fu
malifnddoyaimueiiufured  ua
dwdayatuauisuanevsldossay el

3) ureUarenianlanl uunNIe

Ty aunanfslagnessnsuiiuwasnoUaues

Reception

Amplification

Transduction

/1N

Response

(%

2NN 1

TunpUNTENdY e UvIaaivUTEnaUMY (1) N33udygaiidsn (reception) (2) N3
(

anenendeygiad (transduction) waz (3) NSMBUAUDY (responses) LaNLHAAENDUNAY

(feed back) Tuwsiaznay

i - http://picsforkeywordsuggestion.com/pages/s/signal-transduction
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Hormone or
environmental
stimulus

2NN 2

(response)  FIDAILINROUDYIUNUNZAUAY

U dl Vo
dyerauiilasu
LU INUAAZADUTDINTITAIF QY ey 10Ul
Nadzounau (feed back) ¢e D3dedn
= = . .
srUulduUN1sd@eans (communication) Va9
f= v
LwaaNLa

NTEUIUNITNUFINVBINTAIT Y Y10
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TuiwUsznaunie 3 Tunau (1) N155U

[

deynd (reception) nlutanadyeyin

T o

(signal molecule) (2) nsdssiodygy I

A

nsanenendaI (transduction) wag (3)

[
[y

NIIMDUAUDY (response) ALl

CELL CYTOPLASM
WALL
@ Recepton —>» @ Transduction —>» @) Response

—>—> —> —>
/v

Plasma membrane

waaivilniuwas (cell wall) asuseu nsdsdyIvolwaaivUsznoume 3 981
uazufayatuAnluLAaEEILTRLTAS AD
feyyel  (receptor)” ?}QLﬁuIUiﬁuﬁLﬁaﬁmsnaé (plasma membrane) @w1303U
duoaandunndey (2) nseievendyann (transduction) e “Ulanaaeven
(relay molecules)” Tulglvman@y (cytoplasm) vewwas waz (3) nsnszduliaad
fimouaues (activation of cellular response) sodyaadilésu Tnonswisuula
suaamLm‘uaa%LLazﬁﬂUejmiLa'%ggﬁu‘[,miugﬂl,l,uuﬁﬁmum

fisn: http://www.bio.miami.edu/dana/226/226F09 _14.html

Activation
of cellular

responses

(1) nssudeygad (reception) Mae “fsu
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Lin, 2011; Hakeem et al., 2014)
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2) fsudgeyrar 1 Dulusiuegiiin
waneluveusaaitmiung (target cell)
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awnsnduivannug (ligand) swduluiana

dyaa dasudyaavihmihnsuiansaume

[
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q A7)
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luanadyaialiogndnizianzas fasu
dygaudl 2 Ussian Ao fasudygien
ﬁagfﬁ’u@aﬁ;’umaé (membrane bound
receptor) w%aagiﬁwamaé (cell surface
receptor) (il 3) wazSudyananigly
waa  (intracellular receptor) viseagly
Telnwan@u (cytoplasmic receptor)

(1) Fr¥udgyyramegiifuide
vuwad Wulusiuiilsoglulasiainenes
Beviuiwad  noanaenaunieveude
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site) nneuen lngluanadyaalises
whlUlusad wianunsadsdyrarulueng
voslusfudunluwadld  frsudyaiui
Wovuwadnuludaidiavanewad  dauun
é’h”u”zy,zgmﬂizmwﬁﬂizﬂauﬁw 3 @
o dwd 1 naviudeviueenlusuuen
ﬁmﬁ']ﬁ%’uimaqaﬁﬁgzgm dwil 2 flaudd
lalwouth (hydrophobic region) Foufu
Tnssassvendedetusiniiuaznennasn
aunirevende wavdd 3 Tnadhunly
lolnlwa (cytosol) vsuwad (cytosol e

Talnwan@ulyisineasuniuad)
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Aisudyginey Ndayy
L% I

waddl 3 vl Ao (1) MTudyyrunaeuiu
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1UsAu-1 (G-protein; G #A® guanosine
triphosphate, GTP) (2) f¥udnyanandoniu
wulwdl (enzyme-link receptor) uaz (3)
F¥uduanadontureiuvedlessy (on
channel-linked receptor) %39%BINIUVDY
lovaudsmuauninladatesisdunud
136771 ligand-gated ion channel receptor
(Wl 3)

(2) dfudganegneluwas
Dulusdueglulalnwandy  viminisu
Tmaqaé’ﬁy,mme?}aﬁamﬁ’a 2 Uszns fAe (n)
Sudunudiimeuth (hydrophilic ligand) uae
(4) Tuanaturuborusadidulumadly
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Shwnilemidiu Aidesnsieanstiogsnsudiu
Hosnduyaaitdadusia Salnszuiunis
movauedluLuIafinnue (Wang and Wu,
2013)
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Signaling
molecule

Signaling molecule
binding site

Open
Channel

lons

A 3 WUsAudsuinan ligand-gated fon channel receptor fi8evisigad luianadayayio

£

(signaling molecule) m%’uﬁﬁ;m%’ﬂmﬁqaﬁﬁgﬁyﬂm (signaling molecule binding site)

Yoslusiumisuy umnsedulvivesiuleseula (open channel) legau (ions) Fatnun

Tuwaale

fia: https://www.khanacademy.org/science/biology/cell-signaling/
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(tyrosine  kinase) ﬁmﬁﬂﬁLﬁNMijaaLWm
Tiunseezdlulvlstu Mduesdusenauves
TUsAuRsna aﬂﬂﬁuﬁ@ﬁywmﬁgﬂdqdalﬂé’a
hiudyanusidalugsedlulelvlya

3) fiFudyudeuiues
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(wu lelasiaulovou lehon wealfounse
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5.2.2 nMaviauvasiafudyaiui
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LAAIOBNVDIBU (gene expression) ialeid
(RNA)
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1) nsgduMsvinauveslusiu
Tnonsiduny oaas orilosiudundy
(phosphorylation cascade) #3518a1880
Sosunumvesmaanesa

2) N15ET19NTIALR LA
fuanaduiiaes videsthswadiaes (second
messenger)  \flosandnyanadidandusia
waddweaifthsiaiiaes Fedwundu 3
nau Ao (n) lepan-1o1dui (cyclic adenosine
monophosphate, c-AMP), lgaan-3Louil
(cyclic guanosine monophosphate, c-GMP)
@) lafi 3 (inositol 1,4,5-triphosphate, 1P3)
uar (n) wralenlossu (Assegrsluniw
7 @ Tnedyousudunanmeusnead
(Fnhswaiivide)  udadnsaenenduyyio
MlAAanshwvesihdugia sy
ansnmelugad  dudendn “Fahsaiiaes
(second messenger)” PneLRaLiewes
Aanssuilies Fusunluanady1nan

Meuen “Aisianuile” (first messenger

A or GI OH, 2+
H,0 | OH OH  0PO,>
\ / 2 . HO 0P032'
o H,0 Ca ~ 20,P0 oH
\ [/ \ / | OH,
_p—0 OH H,0
o~ -l OH2
-0
cAMP, cGMP Calcium ion Inositol 1,4,5 -trisphosphate(IP,)

=] o 1 A & v o v A
AN 4 IPY19URIANTTIUUMIUTNENEDS
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%39 primary messenger) WagaNIHvINUTNg
Tusadin “fninsiaians” (i 5)
“shisiiadiaes”  vimtidAy 2
Usens fe (1) Wusmnansisunisaneven
FyeasnananiTiannis way (2) ve1e
dyaalvinsstu (@mplify the strength)
o « Y a a
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TusaalagnouaunadiulInd o
= v ) v d‘
waatfouloesulduiiuisianaes
dfnann dnvaraensyuIunsInaudy

ee SSD_
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gndeyaye

%

)}

sanelounndslateniy  gellanszasuniu
wazegluguilamsanszdunalnnisviau
Yougaaltaeg iUz dnsnwm

510w 3 sfisinmddnludiu
yaamsagleudyain fe (1) 519lulasiau
TugUvedlusineenlen waglusiu (Yu et al,,
2014) (2) seweanesaluguveneiii (ATP,
adenosine triphosphate) wazasUsynau
ue finanthediu uaz (3) smuealdeslugy
Ya9kAaLRelonaus (Banerjee et al., 2013;
Courtois et al., 2008)
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Ligan

O O/O (primary |
messanger,
C O

O Receptor

@ Receptor

ligand binding

(4) Changesin
gene expression

v

MW 5 nsdsdyaavesgadiy Suan (1) “TsAuTU3 (receptor)” Ju “fsaiinile
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