Sys1n3al yanind : myvudanmamusesTlsauurlu £ coli: naiavedluana
Lﬁﬂ] (SUGAR TRANSLOCATION BY AN UNEXPRESSED PROTEIN
CHANNEL IN E. COLI : SINGLE MOLECULE DYNAMICS)

s (= g ' J a a Y
21159713011 : Aremans1nsd as luda ol aiis, 92 vih
' 1 I ] ] a a P {
¥oalllsaw anuuaztuveamsasin lalaneswmsinsizvisoellsaumen

' a A Ta A Y 09/’ 4 aa A ¥ 1 !
yoelsAundeeg e usunenvousaduuanGelninnlumsvudaas wu
g) 1 4 < 9 a 12 g; a A
wana serimelumaduazmevenaaa sinusnalassouliliaanglaa uuaiise
. ¥ ’o‘ A £~ A A ” v - ! = Ao
E. coli aglavnaaniuaenunu $aguuraminervesnuwauinisvessedlilsaunil
E4 E4 ] v
ANuINMIZAD U IMalAAY (aanudenvednglad) 1158071 ¥9IN05T U EcChiP 92
a’dy a a u’dy Y o = ' = 1% 1 & ! =
ueraseenuanumsali luanntdnusilammsanuireslsauainanguiusedilsau
A Y Y a & Y o == ' ?:} ] ! 2 Y
Anuladesmnlusssuma daldmnisfayunmezmsyudsvoniaianiureallsauly
A 1 oszl ) o a g < {
IAUA Single channel current measurement (Y114 U dmsumaiaiinseudlosouvuiaani
Tnarusesllsduazgnaiiainedeaori o9 §adyyraveInszualooouaziinig
4 o o 2 — 2 v
lasuulawuunundunnasinseddilsauimsmeonveaaaluanalvg lasnluana
?,} A Y] ' = [ A A 19 Y ' A g)
aangninluzedlisavazdaunemanasuivedleosuliliiuyewaziiornasen
! <] 4 {1 ! o @
nnveldsaulesounizansomaounmiuyesllld mlvaunsodnuiwaiavesluana
f ] ' v f P
@erluvnzimagninlusesdilsAuazihmangaoenainyedllsauld Jagiszasnves
Aav Qy dyd Ao ag =2 ! a2 9 a .
NUIBFUHABINDNAUNMTMIANE ¥ IUTAUAIBmATA Single channel current measurement
J N 4 ' 1 I { 1 ?)} o o Y
Tatianwauyseivnesdulasiimanuiheziilunvedsauaudahaalidilsasenla
o ] B2 ! a & [
d15939m0gA10 AnIauiAmNIZY0IFeINeT U EChiP 1nvoyavesdyanunseud looou
] ' = A 19 ] ' A A o I yc} A
Auyesllsauasnazwannlueaodisnemenszansnillszgndlsduszuun
9 2K o 9 Ao Qy dy ya a’y Y] ] ! = A
adrwadenula Tuanudsesuilldinsziveyavosdgyaranszualosouriureslilsau@eg,
E4 Y A Y
nallsingoasimaanivluanavesiiaalidunumal 9as1aInaniineIveInums
v ' v k4 v
nasumlasnnyeslisAundiganmezitiinaasgluyelisau tazdasimsngasonues
AP N S 4 ' S , 4
Tuanamagunervesiumadsumnlasninyedllsauninmsanivinaialiganiusi
' = [ = ~ = Y I U [ YY) 901 '
yollsaudninsnasulasaunaidanaasiiiuiimsdnivlnanaiiniavedres
= = = 3 dy Y a a [ YERE-Y] '
Tlsauiivaregduuy TumsanpiassilldeFurenganssuvesmsansuluananieluses
[ k4 v v v
TsuTasmsiaulueasdnnelagldinanathaalimsmaeuivuuguneluresllsau

2 ¥ = dy an ' ] [ ’a
“lu’;;ﬂgmu“lﬂgﬂgmuwm Gl%ﬂ”liﬂﬂ'hﬂi!!ﬁi!@’)‘ﬁﬂﬁ‘]JiZZJTm‘H”Iﬂ”Iﬂ’nuumzl‘ﬂu"ll@ﬁm&{]ﬂﬁmﬂ



II

- g o B ! i Y d
¥oslsauansuimaziumgmsainveslisduannsovudaimaliddsas sl
1 4 1 [ ! = va o o : {
Azl uiliawsafanildlasass udfifuguauiddidyvesyesllsauid
a A dy Ya o a % = 2 =\
Usz@ngam uennnitlddinsizvdranisnaaesiilylalasnuuuuilszqdduanaiia
Y v '
adigadainnmaladuurasuduesdenudedndllihnsusniiuduilomivay
[ a ax ' ] I =y Y 1:9} o A ~ 1 ]
MeseLazIsMssznamaningiuildeued uuiaesmsimasuinuugued1e
v 9 v v Y v
Ned e uIeNamInaasazmliinannuluferfunszuiumsithaaniuse
= £ ame ax ! 1 o v g’ ' ! =
Tlsau d935AnpwazITmsdszanammanminaduvesmsvudaihnamuses sy
{ 4 4 o I - ) o 1 g‘ v '
ildiueduiinasezannsainhhlszgadlydmsunsdnmmsauduihmariureddsiy

o 14

=) a|a 4 % “‘/‘ - B
I and aelayeIlnANy /,7%/5%/)92’7[

Unseinw 2561 2193959919155 N1 /‘47 7/“4(




WATCHARAPORN MOONSAP : SUGAR TRANSLOCATION BY AN
UNEXPRESSED PROTEIN CHANNEL IN E. COLI : SINGLE MOLECULE
DYNAMICS. THESIS ADVISOR : ASST. PROF. MICHAEL F. SMITH,

Ph.D. 92 PP.

PROTEIN CHANNEL/TRANSLOCATION PROBABILITY

/CHITOPORIN/SINGLE CHANNEL CURRENT MEASUREMENT

The protein channels buried in outer membrane of bacteria are employed to
translocate a substrate, like sugar, between the inside and outside of the cell. If the
environment lacks glucose then E. coli bacteria must exploit an alternative sugar. A
silent gene, relevant to the development of a channel that is specific to chitosugars (an
alternative to glucose), called EcChiP is expressed in this situation. We are studying
this particular protein channel, rarely found in nature. Particularly, we study sugar
permeation through the protein channel using the single channel current measurement.
With this technique, a small-ion current through the channel is monitored and abrupt
changes in current are seen every time a large sugar molecule enters the channel,
blocking the ions, or exits it. The dynamics of single sugar molecules, as they are
trapped and escape from the channel, are thus seen. The purposes of this study are ,
with the sugar translocation probability, to develop a method for using single channel
current measurements to study the protein channel more completely, to characterize the
properties of EcChiP by using the channel current data and to develop simple models
for sugar translocation in this and similar system. The data reveal that the trapping rate
is independent of time. The de-trapping rate is time dependent, revealing that there are

multiple different configurations for a trapped molecule. We explain the behavior by



v

developing a simple model in which molecules are trapped in one of multiple states in
the channel through which they perform random walks. We use this to propose a
method for estimating the probability that a sugar molecule translocates through the
channel, as opposed to escaping backwards to the side from which it came. This
probability cannot be measured directly, but is a key property for an effective channel.
We use results on charged chitosan molecules, similar to chitosugars but responsive to
an applied voltage, to give further support for this picture. The simple random walk
model accounts for the data and provides insight into the process by which sugar passes
through these protein channels. The general method should be applicable to other

similar systems.
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