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CHARACTERIZATION OF THE ARSENATE REDUCMSE 

OF E. COU PLASMID R773 

b~ 

Domtnic Perd 

Bacterial rcsistancetance to toxic anions in JkkticJurr cdi  is carricd on the R n 3  plasmid 

The plasMd contains the an  o p e m .  which e s a d #  a group of protcins responsiblc for 

the ex tmsion of arscnicals and antimonials out of the ccL1. One of these protcins. M. 

has been shown to &ce nsenate (A&) to Pneaitc (Asof) pria to king transportcd 

out of the UU (Gladysheva et af.. 1994). The protein rrquirrs giutathione (GSH) ad 

glutaredoxin in order to reducc the toxic ox yanim. 

Circular dichroism expriments dcmonstrated that the scfondrry structure of AisC 

changed marginally when eithcr the substratc or product was prtsent. The melting 

temperature of A d  also rcmained unchangai upon the addition of cithcr assenate or 

arsenite. The nduction of amena& to Mie by ArsC involves glutathioac, 

glutaredoxin-1. and arscnate. Fiuoresccna spectroscopy of Trpmutated AnC 

containing 7-azatryptophan was uscd to probe its interaction with glutaredoxin- 1. The 

results suggest that therie is a direct interaction be~vecn glutathione with ArsC. The= is 

no change in the fluorescence of the Trp-mutants of AnC u p n  the addition of 

glu taredoxin- 1. suggesting that thcm is  no direct interaction of glutaredoxin- 1 with ArsC. 



To my pacnts, wbosc love a d  support 

wii i  aiwayo k qymciatad 



ACKNOWLEDGEMENTS 

1 would like to express my sincaat gratitude CO Dr. Lai Lcc who displaycd g m t  

patience and guidance throughouî the course of tbis a y .  It hu kcn an honour d a 

pnnlege to k a gmûu!c audmt in kr W. 

1 would also like to acknowleûge the othcr m e m h  of my Dr. B u l a  

Mutus and Dr. Aîdm W s n m  for taking tbe timc to r d  and d u r t e  this thesis. 

1 am very gratefiil to Pawtl Malinowski, Mau10 Acchio#, and Dr. Arthur S d ,  

whose keen insight into moleculu biology rnd fluxwceme spectrosoopy wts 

tranendously bdpful. Th& fnadshp is dm ge*ly qpccbtd 

I would dso like to thimlr the fia& that 1 have mdc h g  the way: Christo* 

Deslippe, Michael Siw& Dave "Be&" MiclAs, Natalie Libbe. Marie Tanmus, Zaynr 

Khayat, Jeff Baldwin, Mike WtUcr, Bihe Rajahn,  Sherri UWI, and Nicole Doyon (1 

apologize if fie forgo- anyoae). Your WrnQbip anâ paticar is rppieciatd 

Thanks airo to my dam fi& Pcta  and ilMene Schùvo, wbost Incadsbip a d  

support over the yesrs have noi gom imriot id Thank yoci fa king such wondafirl 

fîiends. Finaiiy, 1 thmk my siblings Joame, Marco, und Tony whom 1 love d a l y  a d  

whose patience and friendship 1 will always chai&. 



TABLE OF CONTENTS 

ABSTRACT 

DEDICATION 

ACKNOWLEffiEhdEm 

LIST OF TABLES 

LIST OF FIGURES 

LIST OF ABBREVIATIONS 

CHAPTER 

1 Introduction 

2 Matmals and Mahods 

Matmals 

Methods 

Polyacxyiamide Electropbaresis 

Isolation of E. coli ArsC a d  E. coli Grx- 1 

Overtxpression d Purification of Wild Type 
E. coli AmC 

Ovmxpesrion u>d Rtrification of E coli 
Grx- 1 

Protein Assay 

Plasmid Isolation 

Site-Dirrc<ed Mutagaiesis of E. coli AnC 

p w  

iv 

v 

vi 

xi 

xii 

xiv 



Rimer Selection for Al 1 W &C Mutant 

Basic Rotocol for S i t e D h c t d  Miugmeris 

Incorporation of Tip Aailop Ushg M9 Maiium 

Amiao Acid Analysis of E c d  Ar& 

Ovchxpression and Rinficrtioa of Wdd Type 
E. coli ArsC 

SDS-PAGE of Wdd Typc E cpü AnC 

Overexprcssion and Mficitioa of E coli 
Grx- 1 

SDS-P AGE of E-coli Grx-1 

Amino Acid Analysis of E. coIi &SC 

CVcutar Dichroism Sndics of E coli ArsC 



Thcrmrl Denatuafions of E. coli AnC 

Isolation of Plssmid R77 3 

Tdocrmtion of Trp Auxotroph with A 1 1 W ad 
Y 7W Mutrted E.colr' ArsC 

Fiuorcscence Studies o f  7AW-A11 W A d  
Wiih E. coli Grx- 1 

Fluotcsccnce Studies of 7AW-Y7W AnC 
W~th E. coli G m l  

G l W o n e  Titmtions of E. coli ArsC Mutrnts 

Discussion 

SDS-PAGE of Prdclli Samples 

Amino Acid M y s i s  of E. coli ArsC 

Circular Dichroism Studies of E. coli ArsC 

Thermal Denaturations of E. coli ArsC 

Isolation and Site-Directed Mutagenesis of R773 
Plasmid Containing the ArsC Gene 

Transfmation of Trp Auxotroph with A 1 1 W and 
YfW Mutants of ArsC 

Isolrtion of A 1 1 W and Y 7W Mutants 



REFERENCES 

VITA AUCTORIS 

F l u o t r s c ~ c e  Snd ia  of Trpcontrining E. coli ArsC 78 

Glutathionc Titrations of E. coli AnC 79 

Cobclusioiu 80 

Funut Work 81 

84 

92 



LIST OF TABLES 

TABLE m ' L E  PAGE 

PCR Cycling P m  fÔr Quik-Chngc 
Mutagenesis Kit 

Amino Acid A~Jysis  of E wli AnC 

Rgidue Assigtunents of the Sacondary Stnrtirr 
Pisdiction of E. coli A d  by VMOUS Algorithm. 

Sacondary Sûucîum Pibdidion of E. coli A d  ôy 
various Algorithms 

Expcrimentally Determinad Melting Ternpaatipes 
of E. coli ArsC 



LIST OF FIGURES 

FIGURE TIïLE PAGE 

1 - 1 nimuy St~cture  of E. coli AnC 3 

2- 1 Aligmaeat of tbc primary sapmcc of El cdi A d  Mth tbe 
A d  gaie displayhg tbe A 1 1 W primer sclactioa 19 

2-2 Alignrnent of tbe primiy sequmœ of E. cdi Ard: with thc 
A d  genc displayhg the YlWW prima sdcEcioa 21 

3- 1 QSepharose Ion Exchange Elution hfik of E coli A d  35 

3-2 sepbdex 0-50 Supdhc Elution Profile of E d i  AnC 36 

3-3 15% SDS-PAGE of E. coli AnC 37 

3-4 QSepbuose Ion Exchuige Elution Pro& of E coli ûrx-l 39 

3-6 15% SDS-PAGE of E.  COI^ C&X-1 41 

3-7 Amino Acid Analysis of E. coli ArsC 43 

3-8 Melting Cumes of E. coli A d  5 4  

3-9 V ~ i i  HoWt Plots of the T~lllpaanirt Melts of E c01i A d  57 

3- 10 CD Spa%a of E coli ArsC at Vaxious Tcmparturcs 58 

3-1 1 1.0% Agarose Gel of Rtiified R773 P l d d  cuntaining the 
E. coli AnC genc 59 

3- 12 15% SDS-PAGE of the Al 1 W and Y7W mutants of E. coli 
Ar& 61 

3-13 Emission Spcctra of Wild Type and Tcp Mutants of E. coli 
&SC 62 

3-14 Emission Spectra of the Al  1W E. coli ArsC Mutcuit with 
Various Ligands 64 



3-1 5 Emiuion Spectn of the A l  17W E. eoli AnC M u t ~ t  wïtb 
GSH 66 

3- 16 Emission Spectn of  che Y7W El eoli AnC Mutant with 
VMOUS Ligands 67 

3-17 Exnhi01.1 of the Y7W El ~01 i  A d  muriat ~ i t h  
diffehnt GSH conccn~ons 69 



4FW 

SOHW 

6FW 

7AW 

ACN 

APS 

ArsC 

bp 

CD 

Da 

dd-H20 

DNA 

D m  

EDTA 

Grx 

GSH 

HCl 

HPLC 

K 

MOPS 

MRE 



Mwco 
PCR 

PITC 

PMSF 

Q- Sepharose 

RNA 

rpm 

SDS-PAGE 

TBE 

TEA 

TEMED 

Tris 

Trp 

w 



1.1 Introduction 

Many bacteria contain plasmids that providc the boccaium with divene genetic 

benefits. These kntfits inch& antibiotic rtsistance, synthcsis of bacteriocins, a d  

resistance to toxic heavy mttals (Silver, 1992). Arsenic is one such rnetal that excrts 

toxic effects on cells. Arscnate is an analog of phosphate that causes the spontancous 

hydrolysis of sugars once they ut uscnylatcd (WiUsky and Maiamy, 198 1). Ancnitc is 

even more toxic in that it nacts n d i l y  with sulfhydryls of pmteins, thereby inactivating 

enzymes (Knowks and Benson, 1983). 

Bacterial resistance to arscnicals and sirnilar oxyanions has bccn dcmonstratcd to k 

carried on the R773 plasmid of Eschenchia coli (Mges and Baumberg, 1973) and thc 

pz258 plasmid in Siophylococc~cs oureu (Novick and Roth, 1%8). The R773 plasmid 

contains a 91 kbp cluster of genes that encodes an ATP-drivcn oxyanion pump (Mobley 

and Rosen, 1982). This ars opcron encodts a chain of proteins that rcsult in an active 

expulsion of toxic oxyanions from the cytoplasm of the resistant bacterium (Ji and Silver, 

1992). The fmt of these pmteins. A& is a tram-acting icpressor of the opemn (Wu 

and Rosen, 1991). This 13 kDa protein fonns a homodimer that binds to a region within 

the ars promoter, thehby repressing the transcription of the ars opcron. Reccnt studies 

(Xu and Rosen, 1997) indicate that only the dimer of ArsR is capable of metal 

recognition and rcprcssion. The second protein of this operon, ArsD. is also a rephssor 

of the ars operon. The 13 kDa protein diffcrs from ArsR in that ArsR conmls the basal 

level expression of the opcron wheicas ArsD controls maximal expression (Chen and 

Rosen, 1997). Both AnR and AnD bind to the same promotcr region, with A n R  having 

1 



a higher affinity for the site. The two rcgulatory pioreins regulate expression levels of ihe 

operon to within a namow range, thus providing a sensitive mcchanism for the sensing of 

toxic heavy metals. 

ArsA. a 63 169 Da protein. has been show to k associated with the inna membrPn 

(Tisa and Rosen, 1990). The rrtive form of ArsA exists as a homodimer thaî forms u p  

binding of the toxic anion (Hsu a d.. 1991). The 126 kDa dima was only obscrvêd 

when the h A  was incubated with antirnonite or arscnjtc. nit active dimer contains fow 

nucleotide binding sites, two from u f h  monoam (Li ez ai., 1996). ArsA is the caulytic 

subunit that works dong with ArsB to actively pump out the toxic anions @ey a d., 

1994). ArsB is an integral membrane protein (San Francisco et d., 1989). This p d n  

anchors ArsA ta the imer membrane and acu as the anion channel which pumps wt the 

toxic anions (Dey et d.. 1994). AISA is ihe ATPase that drives ArsB to pump the anions 

out of the cell. The active extnision of the toxic anions is, thcrcfort, a concertcd effat 

between ArsA and AnB. nie expression of AnB aione exhibital an intermediate kvel 

of arsenite resistance (Silver and Phung. 1996). This suggests that AnB is capabk of 

acting alone without the ATPssc as a chemisomotic transporter of the toxic h a v y  d. 

ArsC is requinxi for the duction of the toxic anions prior to their extrusion (Ji et d.., 

1994). The AIEC protein of plasmid R773 is a 16 D a  protein (141 rcsidues) that nguircs 

glutathione (GSH) to d u c e  lrscnatc in vivo (Gladcysheva et d., 1994). The amino acid 

sequence of ArsC is shown in Figwe 1-1. The fsct that this protein duces a ioxk 

moiety into an even more toxic compound is inuiguing. A masonable assumption would 

be that the more toxic arsenite (As&? is a smPlkr molccule than vxnatc ( ~ ~ 0 1 ~ )  and 

hence. more easily extnided from the ccll. The protein is unique in that it does not 



Figure 1-1 : Primary Structure of E c d  AnC. E. coli ArsC from the arsenical 
resistance plamid R773 (Rosa et al., 1991). 



exhibit any significant similsrities with any other k n o m  duc t a se s  and. thcreforc. m y  

be a memkr of a new class of anion rcductascs. 

AnC has k e n  shown to q u i =  glutathione and only glutathione as a rcducing agent 

to d u c e  oxyanions in vivo (Gladyshcva et d.. 1994). In vitro. however. A d  llro 

nquircs the action of a protein capable of caîalyzing thiol-disulfi& exchang. This 

protein is g l u t d o x i n - l  (Grx-1). Glucadoxin- l  is an Sbresiduc inincellular protein 

that functions as a glutathionedependcnt hyârogen donour f a  severai glutathione- 

disulfide reâucing rcactions (Holmgrcn. 1989). The Grx-1 is duccd by GSH. 'Ihe 

oxidized GSH is, in tum. rcduced by glutathione ductasc with NADPH serving as the 

source of reducing potential. A plausible rcamn for the adâitiond compounds q u i r d  in 

vitro is that there arc multiple glutarcdoxins prcstnt in E. coïi (Aslund et d.. 1994) that 

may serve the same function as Grx-1. 

The parhway of arxnate reduction to srscnitc is postulaicd to have at lcast two stcps 

(Liu and Rosen, 1997). Arsenatc is idduced to -nite by ArsC which. in tum. b e c o m s  

oxidized. The oxidizcd ArsC is then duccd by Grx-1, thcrcby mgenerating the active 

enzyme. It has been dcmonstratcd using fluort~cene studics that AisC forms a complex 

with arsenate (Liu and Rosen, 1997). This compkr then i n t m î s  with GSH. Adding 

GSH directly to ArsC does not produce tvidcnce of any interaction. A direct association 

between glutaredoxin and ArsC was also dtmonstrated (Iiu and Rosen, 1997). nie 

manner in which ArsC intetacts with glutaredoxin is an i m p o m t  question to  pose. 

Native ArsC does not have any tryptophan. Mutating the enzyme and placing a 

tryptophan rcsidue ncar the active site would allow for fluoircscence studies to be 

performed on the interaction betwcen ArsC and Grx-1. nit problem Lies in the fact that 

Grx-1 has a ûyptophan prcscnt. A new approach must thenfore bt taken if fluorescence 



studics arc to k applied. This technique involvu the incorporation of tiyptophan 

analogues. narnely 7-azauyptophan. which have fluorescence propmies different than 

normal tryptophan. 

Ruorinated uyptophan analogues have aiready k e n  used as poks for protein 

structurai studies using '9 NMR in the 1970s (Syku et ol.. 1974). Ihe use of rryptophan 

analogues as fluorescent pmbcs was first suggested by Hudson in 1986 (Hudson et d., 

1986). Recent studies (Hogue and S u b o ,  1993; Ross et ui., 1997) have dcmomtrated the 

usehilness of tryptaphan analogues in studying protein-pmtnn interactions. To 

incorporate Trp analogues, the host strain must not bc able to synthesis Trp. nie plasmid 

containing the ArsC gene undcr the conml of a tight promoter is tmsformed into an 

auxotrophic strain of E. cofi thaî c m o t  synihesis tqptophui. The boami a n  then k 

grown in minimal media supplemented with a d u c d  amount of tryptoplian until a 

sufficient amount of cc11 mass has accumulaîcd The ûyptophan analogues arc then 

added, and the expression system is then i n d u c d  The result, whcn uscd with a tight 

promoter, is a high yield of the desircd protein with the incorporratcd analog. Using this 

technique, a tryptophan analogue with a rtdcxtencied absorption spectrum (cornparcd to 

normal Trp) can be used to selectively excite this duired Trp andogue in the prcscnce of 

other ayptophan containing pmteins. wch as Grx-1. Figure 1-2 illust~?rtcs the structure of 

Trp and some of its analogues. The use of AnC mutants containing tryptophm with the 

su bsequent incorporation of tryptophan andogues would allow for the use of fluorescence 

spectroscopy to probe the interaction ktwcen ArsC and the Trpcontaining Grx-1. 

The complete structure of ArsC has not yct betn detemincd The initial s e p  in 

elucidating a protein's structure is to &ennine its secondary structure. S e w d  prrdiction 

programs cxist which prcdict a protein's seconâary structure basod on n a d  tendencies 



Tryptophan 

Figure 1-2: Tryptophaa and Tryptophaa Analog. Chetnical structure of ayptophaa 
and various ûyptophan analogs. 



of individual residues and the influence of neighbowing rcsidues within a protein. The 

fint algorithm was devised by Chou and Fasman (Chou and Fasman. 1978). It prrdicts 

secondary structure based on the propensities of unino acids king includcd in specific 

secondary structures. Each amino acid carries secondary structural tcndcncics and 

probabilities of king includcd in specific seconâary structural elemnts which arc b d  

on an examination of h o w n  protein suucturcs. Individual amino ri& arc assigned as 

king included in specific secondary structure, as long as the probability within a mîge of 

amino acids is above 1.0 (Chou and Fasman. 1978). nK process is uscd for the entire 

length of the protein and secondary structural content is assigneâ. 

A second rnethod uscd for secondary smicnur pradiction is the nearest-neighbarr 

Predict (nnPredict) method (Kneller et al., 1990). This method uscs a neural networic to 

predict secondary structure. A neural network is an infornation-pmccssing modcl 

inspired by the way the dtnscly interconnectai, paralltl structure of the mammalian brain 

processes information. It is composed of a large number of highly interconnecmi 

processing elements that arc analogous to neurons and arc ticd togcuicr with weighted 

connections that are analogous to synapses. The acural nctwork incorporates netwok 

weights for every residue and elucidates their tcndcncies of bcing includcd in spccific 

secondary structure bascd on the tcndcncies of ncighbouring residucs. 

The Gibrat method aligns sequences of quericd pmtcins with those of proteins whose 

stnicture is known and assigns sccondary stnicturai content bascd on the rcsults of these 

cornparisons with a database (Gibrat et al., 1987). The k v i n  assigns sccondary 

structures based on the prcmise that short. homologous Stquenca of amino acids have 

similar structural tendencies. Cornparisons with the scquenccs of a known database arc 

made and, conscqucntly, sccondaxy structural assignmcnts arc then ma& (Levin et al.. 



1986). Another methoâ, the DPM method, uses a combination of the Chou-Fasman 

method with the prediction of the class of the protein @eleage and Roux, 1987). 

SOPMA, or self-opimized prcûiction method algorithm. uses multiple xquence 

alignmcnts of the qucried protein with those of proteins in a known database (Geou jeon 

and Deleage, 1995). Thc consensus rnethd is actually a cornparison bttween the abovc 

listed methods which yields a prcdiction based on the agreements ktwctn tht Gibrat, 

Levin, DPM, and SOPMA methods. These mcthods can bt found at 

www.ibcp.fr/prcdinhtml. 

Preliminary r e s u l ~  using circula. dichroisrn and stnictural prcdiction programs may 

help in elucidating the protein's structure. Circular dichroism is an cxperimcntal 

technique that helps to &termine dative amounts of sccondary structural content by 

exposing the protein to polarized light and comparing the ciifference in absorbancc 

between left and right circulaziy polarïzed light at cach wavclength. A plot of the 

ellipticity (ciifference in the absorbancc of left circularly polar id  Iight and right 

circularly polarized light) versus the wavelength yields a circular dichroism spectnim. By 

comparing the spccûucn of a protein or polypeptide k i n g  studid to the spectrum of 

proteins and polypeptides whosc secondary structure and circular âichroism spectra arc 

known, one can use rcgrcssion anaiysis prograrns to &termine that protein's secondary 

structural content. nitre are numcrous analysis programs, from simple multiple lincar 

regression algorithms to the intricate SEXON program (Sreerama and Woody, 1993). 

Detennination of the secondary sûuctural content can bc made using this expcnmental 

technique. 

Circular dichroism can also be used to detamine the melting temperature (Td of a 

protein. The ellipticity can be monitorcd at a fixed wavelength while raising the 



temperature to &termine ai which temperatun the ellipticity and. hence. the protein's 

stmcture changes. By monitoring the ellipticity versus temperature. a melting c w e  is 

obtained. The mid-point of the melting c w e  is the melting temperature of the protein 

Wahn et al., 1992). 

Determining the structure of ArsC and its interactions with its substrates, cofactlns, 

and products allows for the elucidation of iîs enzymatic mcchanism that is important due 

to the novelty exhibitcd by this ductase. 



2. Materials and Methods 

2.1 Materials 

Solutions werc ma& with distilled-deionized watcr. Liquih wem handled with the 

aid of the appropriait Gilson Pipetmen (Models P2, P10, P20, P200, and P10ûû) 

purchascd from Mandel SQentifc Co Ltd. Mars &terminations were carriai out using 

either a Mettier AUO or Mettler P12ûûN baiance purchascd from risher Scientific Inc. 

The temperature controlled water bath used was Model 1201 p u r c h a d  from VWR 

Scienti fic. Ail electrophorcsis expcriments were camed out u*ng a Power Pac 3ûû power 

supply, purchased from Biorad Laboratones. Al1 pH measUTtments werc detcrmincd 

using a Corning Modcl 240 pH meter from Coming Scientific ~ u c t s .  Photographs of 

agarose gels were taken using an MP4+ Polaroid Camera System. SDS-PAGE gels 

were scanned using an Acer Prisa 310P scanner. AU PCR cxpcrimcnts wcrc camed out 

using a Cetus DNA Themal Cycler from PcrlEin-Elmer. Centrifugations wert carried out 

using one of the following centrifuges: model 59-A Micro-Chtrifbge (Fisher Scientific), 

or a J2-HS centrifuge from Btc)aran fitted with tithcr a JA-10, JA-14, or JA-20 rotor. 

Liquid chromatography experinients wcrt performtd using a Gilson Minipuls 2 

peristaltic pump and a model 1 1 f B UV dctector dso from Gilson. Fractions were 

collected using a Frac-100 fraction collecter purchascd from Pharrnacia Biotech. 

Bacterial cultures were grown in a mode1 3529 shaker-incubator purchascd from Lab- 

Line Instruments, hc. Circutar dichroism experimnts wcrc carricd out on an A W  

Model 62A DS circular dichroism spectrophotometer. Samples w m  placed in a 1 mm 

quartz cuvette purchased from Hellma Canada Lid W-Vis s p f a  werc p r f o m d  on a 

S himadzu W- 160 spectrophotomctcr. Fluorcsccncc exprimenu wcrc pcrformcd using 



a SPEX Fluorolog Ihiamax 3000 fiuorirnetet. UV-Vis and fluorescence experimcnts 

were performed using 1 cm quartz cuvettes purchascd from Hellma Canada Ltd. 

Trizma Base, 3-(N-morpho1ino)propancsulfonatc (MOPS), e t h y l c n d a r n i n c t e ~ t i c  

acid @TA), ethidium bromide. aguose (type 1-B). sodium dodecylsulfitc (SDS). 

ammonium peauIf# (APS). NJ,N9fi'-tetracthyleth ylentdiamine (TEMED). A DNA 

markers (EcoRi 1 HUidIII). *XI74 DNA markers ( B d U  I HueïD), glycine. ampiciilin. 

kanam ycin , isopropyl p-D-thiogdactopyranoside @TG), phm ylmeth ylsulfon y1 fluoride 

(PMSF), and dithiothrritol (DIT) were aii purchascd h m  Sigma Chernical Company. 

Trypticase peptone. y w t  extract, and select casamino aci& w m  purchased from VWR 

scienti fic. Na2HP04, K&P04, NaCi, and KCI werc purchasai from BDH Chernical. 

2.2 Methods 

2.2.1 Polyacrylami&Electrophoritsis 

Discontinuous polyacrylamide elcctrophoresis was p c r f o d  according to the mcthod 

of Laemmli, 1970. 15% polyacrylamidc slab gels wcrt cast in groups of 4 using the 

Mighty ~ r n a l l ~  minigel unit SE275 (Hoefer Scientific hst~mcnts).  A 30% stock 

solution of 37.5 : 1 acrylamidc : bis-acrylamidc (2.6% C) was purchased fiom Bioraâ 

Laboratones. The rcsolving gel was made by combining 20 mL of the 30% (w/v) stock 

acrylamide solution, 9.2 mL of &-Hg, 10.0 mL of 1.5 M Tris (pH 8.8), and 0.4 mL of a 

10% (wIv) SDS stock solution. Polymcnzation was initiated with the addition of 0.4 mL 

of a 10% (w/v) ammonium pcrsulfatc solution and 16 pL of TEMED. The solution was 

then poured into the casting chamber and covercd with a thin laycr of watcr saturatcd n- 



butanol. Polymcrization was allowcd to proceed for 40 minutes, after which the akohol 

layer was decanted. 

The stacking gel was p r c p a d  by mixing 3.4 mL of stock acrylami&. 2.5 rnL of 1.0 

M Tris (pH 6.8). 0.2 mL of 10 96 SDS, 0.2 mL of i O. 1% (w/v) bromophenol Mue 

solution, and 13.4 mL of dd-Hfl. Polymcrization was initiated with the addition of 0.2 

mL of 10% APS and 10 pL of TEMED. The resolving gel solution was thcn laymd on 

top of the stacking gel, a 10 or 15 wcll comb inscrted to form wells. and che gels w a c  

allowed to polymtrizc for 15 minutes. The gels werc thcn ritmved h m  the casting 

chamber and placed in a plastic bag to k storcd at 4 OC until needed 

Small quantitics of the protein sampks to be anaiyzcd (approximately 1 pg) werc 

placed in a 1.5 mL microcentrifuge tube. An q u d  vo lum of 2 x sample buier (stock 

solution consists of 1.0 mL of 10% SDS, 0.25 mL of 1.25 M Tris (pH 6.8). 0.25 mL 22- 

mercaptoethanol, 0.2 mL gl ycerol, 0.1 rnL of a 0.1% bromophcnol blue solution, and 0.7 

mL of dd-HzO) was then adàed to cach samplc tube. Each sarnplc, as weU as an aliquot 

of SDS-7 standards. was then hcaî &naturcd at 95 OC for 3 minutes. A preparcd slab gel 

was inserted into the clectrophorcsis unit and fïiicd with elcftmphoresis buffer consisting 

of 194 rnM glycine, 0.1 46 SDS, and 25 mM Tris. The comb was thcn removcd and cach 

sample Ioaded into separate wells. Elcctrophoresis was pcrformcd at 110 V for 120 

minutes. The slab gel was then rcmoved fmm the unit and placed in a staining solution 

consisting of 0.1% Coornassie Blue-R, 50% methanol, and 1096 glacial acetic acid and 

allowed to stain for 6 hours. nie gel was thcn rtmoved, rinsed, and placed in a 

destaining solution consisting of 50% methano1 and 1096 glacial =tic acid ovemight. 

Destained gels werc then scanned using an Accr scanner. 



2.2.2 Aaarose Electro~hotcsis 

A 1X TBE ninning solution consisting of 0.09 M Tris-borate. 0.002 M € M A ,  and 0.5 

pg/mL of ethidium brocni& was prcpami. This solution was uscd to cast the gel and as 

the elaitrophoresis buffer. The appropriate amount of agarose was dissolved up in the 

1X buffer by rnicrowaving the solution f a  1 minute. A hommrdc horizontai 10 x 8 cm 

mini submarine gel unit was used. The unit was p m p d  for casting by placing the comb 

and borderç into the unit. The warm agarose solution (approximaicly 60 y) was pourcd 

into the unit and ailowed to cross-link for 40 minutes. The unit was fillcd with cnough 

1X TBE buffer to wver the gel. The comb and borden w a c  thca removeci. AU used 

ninning buffer and gels were decontaminaiai with 2.5 M HCI and 0.5 M KMnO, prior to 

disposal. 

A stock solution of gel loading buffer was prcpprrd consisting of 408 sucnwe. 0.5% 

SDS, and 0.001% bromophenol blue. Either of the following two standards wcrc uscù: 

EcoRI I H i n d m  digest of A DNA (size ranging fmm 21 226 to 564 bp) or BNRI I H d  

digest of QX174 (ranging from 1350 to 1 18 bp). Approximstcly 1 pg of stanQrd and a 

relative! y simikir arnount of samplt werc dissolved up in 7 pL of gel loading buffer and 7 

pL of 1X TBE. The gel was then mn at 70 V for 80 minutes. The gel was thcn carefully 

removed and photographcd using Polamid 667 film, a transilluminator and the MP4+ 

camera system. The exposurc tinie used was typicall y 45 sec. 



2.2.3 Isolation of E. coli ArsC and E. coli Glutarcdoxin- 1 

2.2.3.1 Overex~rcssion and Purification of Wild-type E. coli ArsC 

The expression systems of both AnC and Glutardoxin-1 (GIx-1) werc the gift of Dr. 

Barry P. Rosen, Department of Biochemistry. Wayne Statc University School of 

Medicine. Detroit, ML The ABC gcne w u  insertcd into the pUC18 plasrnid carrying 

ampicillin resistance and transformed into the Ml09 stnin of E. coli. AnC was purificd 

by a modification of the procedure of Rosen et cil.. (1991). 2L cultures of the Ml09 

snain of E. coli containing the A n C  gene were p w n  oi 37 O C  with constant shaking in 2 

x YT medium (Miller, 1972) with 100 pg/mL ampicillin. M e n  the absorbante reached 

0.7 at 600 nm (usually 8-10 houn), the 41s werc induccd with 0.45 rnM IPTG and 

grown for an additionai 3 hours. The cdls  werc then collccted by centrifugation in 500 

mL Nalgene polycarbonate bonles spun at 4000 x g at 4 OC for 45 minutes. ïhe ceUs 

were then resuspended in PBS buffcr ( 11 mM Na2HP&. 1.5 mM KH2PQ. 140 mM 

NaCl. and 2.65 mM KCl) at pH 7.5. rc-spun for an additional 45 minutes. and the cell 

pellet was then frozcn ovcmight at -20 OC. Thc pcllet w u  then thawed and resuspendcd 

in 5 volumes per gram of cells in Buffcr A (10 mM MOPS, 2 mM EDTA. 2 mM DIT 

adjusted to pH 7.5 with Trizma base). The ceI1s wert then lysed by single passage 

ihrough a French pressure ceIl at 20 000 psi, followed by the immdiatc ddit ion of 30 pg 

of PMSF (dissolved up in isopropyl alcohol). 'Ihe solution was thcn centrifuged at 50 

000 x g for 2 hours at 4 OC to remove unlyxd cells and cellular membranes. nie 

supernatant was then applicd to a 2.5 cm x 30 cm column (Biorad Laboratories) packed 

with approximatcly 100 mL of Q-Sephvose anion exchanger (Sigma Chernical Co.) at a 

flow rate of 1 mUmin. nie column was then washed with 3 4  bed volumes of Buffcr A 



to remove unbound protein. The column w u  thcn clutd Mth 800 mL of Buffa A 

containing a linear gradient of NaCI k m  150 - 250 rnM. Approrimately eighty-fiw 8 

mL fractions were collccted using a Pharmacia Frac-100 and anal@ by elcctrophoresis 

( 1  5% SDS-PAGE). The perlr fiactions mtaining the ksirrd protein wcrc concaiausd 

to approxirnatcly 10 mL using an Amicoo ItL-cdl concentrator (mode18050 fincd Mtb a 

YMlO membrane, both îkom Amicon Inc.) and applicd to a 2.6 x 90 au column 

(Pharmacia Biotech) packed with 49 g of Sephidex G-50 Npnfiae (Sigma Chcmicaf 

Co.) equilibratcd witb Buffer A + 0.2 M NaCt at a flow rate of 0.2 mW&. 

Approximately fifty 6 mL fiactions wcrc collected and analyzcd by SDS-PAGE 

electrophoresïs, and the perk hctions wcrc ~~ncenîratai to 2 mL using an Ultdh-15 

10 000 MWCO cenûifbgai filta unit (MiIlipore Corporation). ibe sampla w a e  Ibm 

stord at 4 O C  until needd. 

2.2 -3.2 Overex~ression and Purification of E. coii Grx- 1 

Glutaredoxin-1 (Grx-1) was purified according to the mcthod of Bjoenbag and 

Holmgen (1991). A 2 L culture of E. coli stniii N4830 possssiog the glutarcûoxin 

expression plasmid pAHOB1, which carrics the Orx geae amda tbe coatrol of the WL 

promoter, was p w n  with constant shaking at 25 OC in 2 x YT m d m  mntaining 

ampicillin at a concentration of 100 pg/mL until an absorbana of 0.7 was reacbed at 600 

nrn (typically 14 - 16 hours). The temperature was thcn raïscû to 40 O C  to induce the 

cells (inactivating the temperature sensistive cl857 reprrssor) a d  grom an aâditiod 5 

hours. The cells were thm collected by ceatrifiigation in 500 mL Nalgenc bottles at 4Oûû 

x g for 45 minutes at 4 OC. The cells wcre washd once witb PBS and the pellet was 



storcd ovemight in a -20 OC freezer. "îhe cclls were then thawcd and resuspnded in 5 

volumes per gram of cells of Buffer A. 'Ihe solution w u  then pascd through a French 

press at 20 000 psi. after which 30 pg of PMSF war then dded me sample was thm 

centrifugai at 50 000 x g for 2 hours. and the supernatant appljed to the same Q- 

Sepharose column as prcviously mentioncd for AnC. The column was ihm simiMy 

washed and thcn eluted with I5û  mL of Buffer A containing 0.2 M NaCl. The elutcd 

protein was chen conuntroied down to 9 mL using the Amiam stir ctll concentrator 

(fitted with a YM3 membrane) and applied to the sam Sephadu G-Sû column usai for 

A d .  Approùmately fifty 6 mL fractions w m  collected and mai@ by SDS-PAGE 

elcctrophoresis. The purificd Grx-1 was then s t o d  as a lyophilucd powda. 

2.2.4 Protein Assay 

Rotein concentration was determineci by the wthod of Lowry et al.. (1951). 

2.2.5 Plasmid IsoIation 

The p A d  plasrnid @WC18 carrying the ArsC gcoe) was isolatcd using the 

FlexiPrepm plasmid isolation kit h m  Ph~miacia Biotcch. A IO mL culture of the 

JM109 strain of E. coli carrying the pArsC gene werc p w n  at 37 OC in 2 x YT until an 

absorbante of 0.7 at 600 nm was rcachcd. Four 1.5 mL samplcs of the culhm werc spun 

down to pellet the cells. Each pellet was then resuspcndcd in 200 pL of Solution 1 of the 

kit by vonexing. The cclls wert thcn Iysed with the addition of 200 pi, Solution II and 

gende mixing. 200 pL of Solution IIi was then addcd with gentk m-g. The mixture 

was then centrifuged in a microcentrifuge at full spctd f a  5 minutes at room 



temperature. ~?IC supernatant was then t r a n s f d  to a cl- centrifuge hik, to which 

420 pL of isopropanoi was dded. 7he solution w u  d l o w d  to stand for 10 minuta, 

aAer which timc the tubes wac  spun at hill s p d  for 10 minutes to pellet tbc p l a i d  

DNA. The sapematant was thm aspiratad off ad the tubes w a t  thai i n v d  to dnin 

off the e x c m  alcohol. 150 pL of the ~ e ~ h a g l a s ~  FP slmy wrr thm rdded to tbc 

plasmid pellet and the suspension was suboequcntly vortcxd gcntly for 1 minute to 

dissolve the pclla The mixture was thm spm Qwn at full rpcsd fa 15 scumds, and thc 

supernatant removd The Sephaglas pellet was thai washcd with 200 pL of tbc Wasb 

Buffer and vortexed gently to mix. 'ïhe suspension was spun dotva a full s p d  for an 

additional 15 seconds and the sapernatant removed. Tbe pcllcî was thai rempendcd in 

300 pL of 70./0 ethan01 and then centri fbged for 15 sccoado at fiiJ rpeed. A f k  ranoval 

of the alcohol, the pellet was then tapped gently to dUpape the krds and allowcd to Ur 

dry for 10 minutes. The bound DNA was elutd h m  the beads Mth 50 pL of dd-HP 

and spun down at full speed for 1 minute. 'Ihe supematants h m  the four tubes w a c  

then pooled together. The plasmid DNA was then fucbn ooncentrated Mth ethrad 

precipitation and s t o d  dry at 4 O C .  The purity of the plasnid was determincd d g  

1 -0% agarose gel electrophoresis. 

2.2.6 Site-Directed Mutagenesis of E. coli ArsC 

Two mutants of AnC werc crcated using the ~ u i k C h a n ~ e ~  SitcDirected 

Mutagenesis Kit purchased h m  Stratagme. One mutant was designed to change the 

Ala- 1 1 codon (WC) to Trp (TGG) and the othcr to change the Tyr-7 d o n  (TAT) to Trp 



(TGG). The Ala-Il mutant was named A l  1W. The Tyr-7 mutant was named Y7W. A 

pair of primen was designed to bc used with the Stratagene kit for e rh  mutant. 

2.2.6.1 Primer Selection for the A 1 1 W Mutant of A d  

The primers dcsigned for the A l l W  mutation were prcparcd according to the 

guidelines outlined in the ~ u i k c h a n ~ e ~  Kit. 'Ihc primm m u t  be cornplemcntary to 

each other (including the compkwntary mutation from A-1 1 to Trp), anneai to the ruac 

sequence on oppositc stnuiâs of the plasmi4 and be ktwm 25 to 45 bases in lengdr- 

The desircd mutation should bc in the middle of the primer wiih 10-15 bases 

encompassing the mutation on both sidcs. The primcrs should have a GC content of at 

least 40%. unninate in either a G or C b u e  (if possible), and have a minimum wlting 

temperatun of 78 O C  according to the quation: 

where N is the primer lcngth in base pairs. The pnmtrs &signai wcrc dcsignatad 

PA1 1 Wa for the fvst primer containing the Na-1 I to Trp mutation and PA1 1 Wb for the 

complementary primer. The primen &signai w m  29 bp and had a prcdicted melting 

temperature of 82.3 O C  for PAIlWa and 82.3 O C  for PAI1Wb. Both pnmen had a GC 

content of 58.6%. The primers designcd arc illustratcâ in Fig. 2-1 and wcrc purchascd 

from Oligos Etc. 



acg ctg gcc gcg ctg  gcg c t a  cgt ctc t c t  gtc aca ttg taa tga gat t c t  gat 

7 11 
D C S U ~ T I V ~ ~ P  c a q w ~  

atg agc aac atc act  a t t  f a t  cat  t aat acg 

L M I I S O C t P T I t Y t t  
ctg gag atg atc cgc aac agc ggt acc gag ccg acc a t t  a t t  c t t  tac c t t  gaa 

1 9 P ? 8 1 1 D S L V f L A D I O Z #  
aac ccg cct tcg agg gat gag ctg  g t t  aaa c t t  a t t  gcc gat  atg ggt a t t  tca 

V A L L I I V S Y Q L O L A  
gta cga gcg ctg c tg  cgt aaa aac g t t  gaa cc t  tac gag caa ctg ggt c t t  gCa 

r ~ x r r o ~ t x r r t ~ ~ o x  
gaa gat aaa ttt act gac gat cag ctc atc gac ttt atg t t g  caa cac cca a t t  

L I . n O I V V T R L O t I L C n ?  
ctg att aac cgt ccg atc gtg  g t t  acg ccg ctg gga acc aga ctg tgc cgt cct 

S S V V L O L Q D A Q I U A T I t  
t c t  gaa gtg g t t  c tg  gat a t c  c t a  cag qat gcg cag aaa ggg gct t t c  act aag 

E O G S K V V D S A O X R L X  
gaa gac ggt gaa aaa gtc g t t  gat gaa gca gga aaa cgg ctg aaa taa ata a ta  

Figure 2-1: Aiipment of the primsry sequence of E. cofi ArsC witb the ArsC p n e  
displaying the A l l W  primer selcetion. nie undcriincd region corresponds to the 
Al  1 Wa primer for the A l  1 W mutant. The bond-in Ala-1 1 codon was mutated from 
GCC to TGG for the mutant protein. The AllWb primer is the complementary 
oligonucleotide to the Al lWa pxiwr (with the appropriate ACC codon cncoding the 
Trpl 1 mutation). 



2.2.6.2 Primer Sclection for Y7W Mutant of A d  

The primen for the Y7W mutant of AnC werc dcsigned under the ramc scnitiny as 

those for the A 1 1 W mutant. The primm designed werc dcsignatcd PY7Wa for the fini 

primer containing the Tyr-7 to Trp mutation and PY7Wb for the compkmaitary primer. 

The PY7Wa and PY7Wb primm w m  35 bp long and h d  a predictcd wlting 

temperature of 84.5 OC. The OC content of these primn w u  54.2%. The primen 

designed are illutratcd in Fig. 2-2 and werc purchascd from Oligos Etc. 

2.2.6.3 Basic Protocol for Si te-Directcd Mutanenesis 

Al1 of the materials used for the amplification of the mutaccd plasmid (thin-walled 

PCR tubes and pipette tips) werc autoclaved at 15 psi for 20 minutes oa slow exhaun 

Water used for the polymerasc chah mction segment of the mutagenesis was also 

similarly autoclaved. Upon d n n g  the primes, u r h  was dissolved in aiough stcrile 

water to give a concentration of 100 ng/pL.. For each mutant, a scparatt =action tube 

was set up. Into each thin-wallcd microcentrifuge tube werc aüquoted 5 pi, of the 10 x 

reaction buffer (100 mM KCI, 100 m M  INW.]2SOd, #)O mM Tris-HCl, pH 8.8, 20 mM 

MgSO,. 1%  rito on^ X-100. and 1 mg/mL BSA), 10 ng of parent plasmid (2 @ of a 5 

ng/& stock sol ution of isolated pArsC plasmid-concentration &termincd from the ratio 

of 50 pg of dsDNA has an absorbante of 1 .O0 at 260 nm), 1.25 pL (125 ng) of primer t l ,  

1.25 pL of primer U2, 1 pL of dNTP mix, and 38.5 jL of stcrile &Ha. The final 

reagent added was 1 pL of the Pfu DNA polpcrasc (2.5 U/pL) for a final volume of 50 

pL. The reaction was then overlaycd with 30 pL of minerai oil. The control reaction 

conditions arc as follows: into a separate thin-walld microcentrifuge tube arc added 5 



acg ctg gcc gcg ctg gcg cta cgt ctc tc t  gtc aca t tg  tsa tga gat t c t  gat 

7 11 
I C O T 8 i U T  

atg a cat aac cca mcc tac agE acc tcg cgt aat acg 

L s n I I I u 8 a T # ? T x L Y L s  
ctg gag atg atc cgc aac agc ggt acc gag ccg acc a t t  a t t  c t t  tac c t t  gaa 

B P O 8 O R L V K I I A O M O X 8  
aac ccg cct tcg agg gat gag ctg g t t  aaa c t t  a t t  gcc gat atg ggt a t t  tca 

V R A L L K I V Y S Q t U L ~  
gta cga gcg ctg ctg cgt aaa aac g t t  gaa cct tac gag caa ctg ggt c t t  gca 

S D K ~ T D D Q L ~ ~ ~ ~ L Q ~ T  
gaa gat aaa ttt act gac gat cag ctc atc gac ttt atg t t g  caa cac cca a t t  

L X H ? I V V T ? t O T t C R ?  
ctg att aac cgt ccg atc gtg g t t  acg ccg ctg gga acc aga ctg tgc cgt cct 

S ~ V V L ~ I L Q D A Q K O A I T K  
tct gaa gtg gtt ctg gat atc cta cag gat gcg cag aaa ggg gct t t c  act aag 

X O G s x v V O x A O I t R L x  
gaa gac ggt gaa aaa gtc g t t  gat gaa gca gga aaa cgg ctg aaa taa &ta ata 

Figure 2-2: Alignment of the primnry sequence of E. coli AnC with the ArsC gent 
displaying the Y ï W  primer sclectioa The undcriincd region corresponds to the Y W a  
primer for the Y7W mutant. The boxed-in Tyr-7 codon was mutatcd from TAT to TGG 
for the mutant protein. The Y7Wb prima is the complewntary otigonucleotide to the 
Y7Wa primer (with the appropnate ACC codon cncoding the Trp-7 mutation). 



pL of the 10x =action kiffer, 2 pL (long) of p~hitescripm 4.5-kb conuol plasmid (5 

ng@L). 1.25 pL (125ng) of oligonucleotide control primv 11 .  1.25 pL (125 ng) of 

oligonucleotide control primer U2, 1 )rL of the dNTP mix. and 38.5 pL of dd-H20. The 

final addition is 1 pi.. of the Pfi  DNA polyrnensc for a fiiill volume of Sû @ and the 

entire reaction is overlayed with 30 pL of mineral oil. Al1 of the rcagcnts used are 

supplied as part of the mutagenesis kit excep for the pprn>t plasmid (@SC') and the 

primen used for tbe mutations (A 1 1 W a  & Al  1 Wb for the A l  1 W mutant, and Y7Wa & 

Y7Wb for the Y7W mutant). 

The cycling parameters used for amplification of the mutant plasmid are lislad in 

Table 2-1. After temperature cycling was complete, the  action was placcd on ice to 

cool the reaction to below 37 OC. The next step is the oddition of 1 pL of DpnI restriction 

enzyme (10 U/pL) direct1 y to the reaction mixture k l o w  the mioeral oïl overlay. The 

solution was thcn rnixcd gently by pipctting up and dom. The mix- was then 

centrifuged in a microcentrifuge at full specd for 1 minute and p l a d  in a watcr bath at 

37 OC for 1 hour to digest the parental plasrnid 

The mutated plasmid was thcn transformed into the E. adi XL1-Blue supercompetent 

cells that arc supplied as part of the kit according to the following procedure. The E. coli 

cells were gently thawed from -80 O C  on icc. 50 gL of the thawed cells werr aliquoted 

into each of three 1.5 mL prc-chillcd microcentrifuge tube using stcrile technique, one for 

each mutant and one for the control. 1 JAL of each of the DpnI trcattd mction mixture 

was then carcfully transferrcd to the properly labelcd aliquot of supercompetent cells. 

Each tube was swirled gently to mix and incubated on icc f a  30 minutes. The cells wen 

then heat shocked at 42 for 1 minute and thcn placed on Yc for 5 minutes. 0.5 mL of 



Table 2-1: PCR cycling parameters for the Quik-Cùange Si-Directed mutagenais 
Kit. The elongation timc of 7 minutes was uscd as dctermined using the suggested 
guideline of 2 minutes per kbp of plasmid DNA. 

- Timc Sement 

1 

Cvcles 

1 

16 

Tem~tratwc 

95 "c 

95 "c 

55 O C  

L 

30 seconds 

30 seconds 

1 minute 

72 Oc 7 minutes 



sterile LB broth (prc-herited to 37 O C )  was then added to esch tube and the reaction 

mixture was incubated at 37 OC for 1 hour with gentle shaking. The two smples w m  

plated ont0 separate LB agar plaies containing 0.1 rng/mL ampicillin and incubated at 37 

OC for 24 hours. Only 2% pL of thc p~hitescriptm control =action is platcd ont0 an 

LB-ampicillin agar plate containing 2û JL of 10% (w/v) X G d  (Sigma Chernicd Co.) 

and 20 pL of 100 mM IPTG. 

Afier 24 hours. 50 mL of 2 x YT media containing 0.1 rng/mL ampicillin was 

inoculated with one colon y of tach of thc mutants fmm the LE agar plates. nie separate 

cultures were grown to mid-log phase and the plasmid of uch mutant was isolated using 

the previously described plasmid isolation kit. A 1.0% agame gel was nui to sec if the 

plasmjds were pure and the right size. Each mutateci plasmid was stored as a 1 ng/@ 

solution at 4 OC in watcr until needcd for transformation. Tht numbcr of colonies of die 

control transformation was countcd to âcducc the mutagenesis efficiency of the 

p~hitescriptm plasmid. The expected colony numkr should be betwe.cn 50 and 800 

colonies for the control. 

2.2.7 Bacterial Transformation 

The general procedurts for prepanng compe tent cells and bacterial transformation 

were taken from Micklos and Frcyer, (1990). Sterile technique was used tluoughout the 

procedure. 



2.2.7.1 Procedure for Rcoarinn Com~ctent Cells 

A 10 mL culture of LB medium was inoculatecl with E. coli strain W3110A33 nrp 

auxotroph) and grown to mid-log phase (absorbanct of 0.7 at 600 nm). Two 15 mL Nber 

were f i l l d  with 10 mL of mid-log phase cells. They tubes wem spun dom at 2500 rpm 

for 10 minutes, after which time the supernatant was sterikly p o u d  off. TO w h  orbe 

was added 5 mL of stcrile, icexold 50 rnM CaCI2. The tubes wcrt finger vortcxed to 

resuspend the cells, and then incubated on ice for 20 minuta. Aftcr the incubation 

p e n d  the tu& werc spm d o m  again a 25CM rpm for 5 minuies. nK supernafant wrs 

carefully pou& off, and 1 mL of f m h ,  sterile, icecold W2 was added to each pclkt. 

The tubes were once again finger vortexed to muspend the pelkt, and thcn placcd on ice 

for 24 hours. 

2.2.7.2 Procedure for Transformation of Tm A u o t r o ~ h  with WrsC Plasmid 

Into two 15 mL tubes werc pl& 200 JL of competent W3 110A.33 celis. The Nbes 

were then pl accd on ice. Into one tube was placed 10 pL ((50 ng) of the isolatcd pllrzC 

plasmid containing the A l  l W  mutation and the tube labelcd occordingly. Into the &et 

tube was placcd 10 pL (50 ng) of the isolated pAnC plasmid containing the 

mutation and the tube lakled accordingly. Both tuba were rctumcd to the ice for a 20 

minute incubation. Following the 20 minute incubation, the cells wexe k t  shockcd for 

90 seconds at 42 OC and quickiy nturned to the ice bath for an additional 5 minutes. TO 

each tube was then added 800 pL of sterile LB broth and the tubes werc vortexed gently. 

The tubes were then placed in a shaking incubator at 37 O C  fw 2 hours to d l o w  the œlls 

to recover. 



Following rccovery incubation, 200 )rL of each celi suspension werc spfead onto 

separate LB-ampicillin agar plates poperiy lakled AI  1W and Y7W for uch  of the 

prepareû mutants. A ceIl spMder was dippcd in alcohol and flamcâ to ensure sicrile 

technique. nie plates were thcn allowcd to stand to dlow the ceIl suspension to soak into 

the LI3 agar. The plates w m  thcn iacuboted upsidc down for 24 houn at 37 O C .  Mcr 

the 24 hours of incubation. the fells were placed at 4 to retard growth of the 

uansformed bacteria and also to slow the growth of any contaminating mi&. 

One colony of cach mutant was used to inoculate a 50 mL culturc of LB d a  

containing 0.1 mg/mL ampicillin and p w n  to mid-log phase. From these culturts 

glycerol stocks were ma&. 

2.2.8 Pre~aration of Glvcerol Stocks 

Cryo-vials (VWR Scicntific) and ûû% (v/v) gl ycerol solutions wcrc autoclavcd for 2û 

minutes at 15 psi to cnsurt sterility. ïnto cach cryo-vial was added 900 pL of mid-log 

phase cells (either A l  lW or Y7W mutant in the Trp auxo<roph stnin) a d  100 @ of 

sterile 80% glyceml. Carc was taken to ensure stcrile technique. Each via1 was cappal, 

gently agitated to rnix. and finally placed at -80 O C  until n&dcd Ten vials of ewh 

mutant were prepared. 

2.2.9 Incorporation of Tm Analo~s us in^ M9 Medium 

Each of the ArsC mutants was &rom in M9 medium supplementcd with the 

appropriate Trp analog after induction with IPTG. The M9 mcdium was prcpared as 

follows: Into a 4 L baMed flask was added 40 g of casamino aci& (VWR scientific), 30 



mL of glycerol, and 1 mL of  a 4 mg/mL solution of L-Tlp al1 in a total volume of 1.8 L 

of dd-&O. This solution was autoclaved for 20 minutes at 1 5 psi. 10 x M9 dts w m  

prepared consisting o f  67.82 g of Na2HPOI 30 g of KHIPO~, 10 g NhCI, ud 5 g of 

NaCl dl dissolvcd up in 200 ml and autoclavai similady. 4 mL of r 1 M MgSa wu 

prepared in s 15 mL nik and similady autoclavcd Once coolai, the 10 x M9 ults, the 

MgSOI, and 200 mg of ampicillin wem addcd stcrilely to the 4 L t'la& 200 pL of a 1 M 

CaC12 solution was peprvcd and sterile-filtered into the Bask using a 0 2  pu filta 

(VWR Scientific). 200 pL of a 1% (w/v) vitamin BI was a b  sterilcly filtard into the 

flask. The solution was swirled to mix the components, aAa  which the medium w u  

inoculated with eitha the Al  1 W or Y7W mutant. The culture wm then gram Mth 

constant shaking at 37 OC until an absorbame of 1.2 was reacbed at 600 m, typiorlly 1 & 

24 hours. To the culture was then addd lPTG for a W concentration o f  0.45 mM d 

40 mg of the appropnatc Trp analog (7-azatryptophan). The culture was then p w n  rn 

additionai 6 hours at 37 O C ,  a h  which tùne the fells were hsrvested by caiixifugation in 

500 mL Nalgene bottla spun at 4500 x g for 45 minutes. Gmwth of each of the mutants 

without incorporation of any Trp analog was done in 2 L of LB medium (with 0.1 mg/mL 

ampicillin) at 37 OC with induction at an absorbana of 0.7 at 600 nm using 0.45 mM 

IPTG. The cultures wcrt thm grown an additional 3 buts. 

nie  ceils were then processeci in the same manna as for the wild-type M. Al 1 W 

ArsC and Y7W ArsC were then storad at 4 O C .  

2.2.1 0 Amino Acid Anal~sis of E. cofi ArsÇ 

Amino acid analysis of ArsC was pcrformd accotding to the mahod of Bidlingmeycr 



et al.. (1984). using the Waters ~ i c o - ~ a ~ ~  system (MiIliporc Corp.). Rotein s a m p l a  

were digested in 60 x 100 mm a c i d - c l e d  culture tubes using a vapour phase 6 N HCI 

with 1% phcnol solution for 24 hours at 110 OC. The tubes wcrc then rcmoved and wiped 

clean. They werc then p k c d  in a ficsh h m  vid and vacuum d r i d  'The rampks 

were then rcdried using 2û pL of a rrdrying solution consisting of a 2 : 2 : 1 ratio of 

methanol : watcr. TM. The rrdricd sampla w a c  thcn denvrtited using 20 pL of a 7 : 1 

: 1 : 1 solution of methanol : watcr : TEA : PITC and allowed to rtact for 20 niinutes. Tbe 

derivatized samples wem then vacuum dritd. 5 pL Pierce standards were also drk& 

redried, and derivatizcd dong with the protein samples. 

The derivatized samples were thcn rcconstituted in 200 & of samplc diluent which 

contained 4.75 mM sodium orthophosphatc and 5% ACN (v/v) at pH 7.4. The 

reconstinited samples werc then injected onto a Waters ~ i - ~ a ~ ~  column installed in 

the Waters 600 mdti-solvent ddivery systcm with tht 441 detcctor set at 254 am. 

Column temperature was preset to 38 OC. Elution was perfonaed using a two solvat 

delivery setup. Eluent A consisted of 0.14 molar sodium acecatc trihydrate and O.OS% 

(v/v) TEA adjusted to pH 6.4 with HPLC-grade acetic acid Wuent B consistcù of a 

60:40 mix of HPLC-grode ACN : ~ i l l i - Q ~  watcr. Eluent A was Ntcrcd througb a 

MiIlipore HA 0.45 pm filter, whilc elucnt B was filtercd using a MiIlipore HV 0.45 pm 

filter. Both eluents wen sonicated under vacuum for 20 seconds and continuously 

sparged with helium gas prior to and during dution. The elution gradient conditions uic 

Iisted in Table 2-2. 



l Time (min) I Fiow Rate Eluent A (%) Elucnt B (96) 

Table 2-2: Elution conditions used for amino add andysis using the ~ k o - ~ . g -  
System and the 441 Detector. 



2 -2.1 1 Secondav Structure nediction of E. coli 

Three methods wert used to predict the secondary structure of ArsC basad on its 

primary structure. The secondary structure m y  k prcdicted by considering how 

physiochemiul propertics of amino acib fléct tbcir neighbouring rrsidua rad tben 

conjecturing as to the probability of that miduc king  Uiciuded in spccific sccondary 

stnictures. 

The first method uscd was the Chou a d  Fasman scheme (Faman, 1989), which 

predicts secondary smcture based on the propensities of amino acids to be included in 

specific secundary structures (such as a-helim). The basic dgorithm is a C language 

prograrn (Fasman, 1989) that inputs the primry sapence a d  outputs the probabilities of 

each arnino acid's tenâcacy to be includd in a specific stconâaxy sauchaal clanent. By 

listing al1 of the probabilities of each tesidut king inciudad in specific sacondaxy 

stxuchires and then considering groups of mnino aciâs together, a geaml picturc am be 

deduced using the Chou-Fasman algorithm. 

The second mehd used for scçondery structure prediction was the nearest-neighbour 

Predict methoâ (mpradict). The prediction algorithm is found at tbe website 

http ://www.cm~hana.ucsf.cdd-nomibwsdict.htm1. This mcthod uses a two-laycr, 

feed-forward neural network that incorporates network wcights for evay tesidue 

(Kneller, et al., 1 990). 

The final method used is actuaily a consmsus of the Gibrat method, the Levin methoci, 

the DPM (double prediction methoci) mahoQ and the self optirnucd prediction h m  

alignments rnethad. The Gibrat method rligns squ«iccs of the protein king queriai 

with sequenccs of proteins d o s e  structure is known in a database (Gibrat et al., 1987). 
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The Levin methoci uscs the hypothesis that short homologous Stqucnces of amino ri& 

have the same secondary structure tendencies. Cornparisons are then made with proteins 

of a database (Levin et al., 1986). The DPM method uses the mcthod of Chou-Fasman 

combined with the prcdiction of the class of the protein (Delcage and Roux, 1987). n ie  

SOPMA method uscs multiple sequcnce alignmcnts of the queried protein with those of 

proteins in a database to prcûict the secondary structure (Gtoujeon and Delcage. 1995). 

The prediction method uscù to compare and contrast the above mcthods was tcrmed the 

consensus method, which yiclded a phdiction based on the agreements bctwtcn the 

Gibrat. Levin. DPM. and SOPMA methods. The above Listed prcûiction methods cm k 

found at the website hnp~/www.ibcp.fr/prtdict.hunl. 

2.2.12 CD Spectroscopy 

The CD instrument was calibrated using a 1 mg/& solution of d£amphorsulfonic 

acid. A 6 ph4 protein sarnple was used for aii CD experiments with a buffer solution 

consisting of 36 ph4 dithiothrcitol (DTï), 1.2 mM sodium fluoride (MF). 6 ph4 

ethylenediarninetetraacetic acid (EDTA), 1.0 mM Tris-Mops at p H  6.60. CD spcctra 

were collected in the far-W rcgion h m  240 nm to 190 nm. every nm with a 1.0 nrn 

bandwidth at 20 OC for native protein. The averaging tirne at each wavelength was 20 

seconds. The measured ellipticity was convertcd to mean residuc cliipticity (M.R.E.) 

according to the quation (Yang et ai., 1986): 



where [@Il is the final observe- vaiue for M.R.E. at wavelength 1, 8* is the initial 

value observed value (ellipticity), I is the path lcngth in millimeten. c is the mdu 

concentration, and n is the numbn of amino acids. Tbe meui raidue ellipticity vrlirs 

were useû to plot the spcctra and w m  thai convatai to AE values for CD analysis 

algorithrns accordhg to the equation (Adler et al., 1973): 

The secondary structure determinations wem calculatai using the SELCON progrmi 

(Sreerarna and Woody, 1993). In the SELCON program, first the proteins in cbc 

reference database are arranged in orda of increasing mot-mean-square différence hcn 

the CD spectmm to be adyzed. Tbe spectnim of tk proteins that arc lcast like ibe 

protein to be analyzed arc systematidly eliminaîed, and an initial gwss of the s e u > a d y  

-crural content of the protein to be studied is made The specûum of the analyzai 

protein is then daconvolutaî, i-a., the spcftnmi is fittcd to the spa~um of the remaiamg 

proteins in the database. The process is repeated untiï deconvolution ceases to yield a 

new estirnate on the sccoadary structure (Grecnfitld, 1996). 

2.2.1 3 Thermal Denaturations Of E. coli ArsC 

Thermal denaniration data of ArsC protein was aoquird at 222 m on the A W  

spectropolarimeter. Protein foncenûation was 6 ph¶ and data was collected evay 2 OC 

h m  10 to 80 OC with a 5 minute quilibration time a d  a 20 second averaging time per 

data point. The melting temperature was namowed d o m  to betweea 40 and 60 OC anâ oo 

complete spectra w m  takm h m  240 to 190 nm evey 2 OC fhm 36 to 60 OC. Tbe 



prottin was thm hutsd to 80 OC and a spcctrum was taken, followa! by coolhg to 10 OC 

where a final spectnun was takm to k c o m ~  to the original spcctnm. For dl 

spectra run, the percatages of secondary smifhirr  w m  calculata! using the SELCON 

program* 

The iramition temperature midpoint for the unfolding during thermal denaturation 

(melting temperature) of the protein with ammate, arsenitc, and done wert calculatal 

using the method describal by Kahn, et al. (1992) by estnblishing an uppei and lover 

basehe. 'Ibe K, wrp calcuiatcd at cach point u the distance to the lower baseline 

divided by the distance to the upper badine. A vant Hoff plot of the in K, vasus the 

l/T was used to interpolate fiom the point wbae in Keq = O to find the melting 

temperature (Tm). 

2 -2.1 4 Fluorescence Studies of E. coli ArsC 

Fluorescence spectra w m  collected on a Spex 220 Fluorimcta configura3 at right 

angles with a slitwidth of 4 nm, unless otherwist statd Excitation wavelength was set 

to 300 nm unless othewise noted. The sample cornpartment was rrgulatcd at 20 O C .  'Ihe 

emission spectra werc collected h m  320 nm to 450 nm with an incrcmait of 1 nrn a d  

an integration time of 1 second. Al1 spacba wcrt bascline conectd 



Results 

3.1 Overexmession and Purification of Wild-Tm E. coli ArsC 

The PMSF-ueated ceIl lysate from a 2 L culture of ArsC was applicd to a 2.5 x 30 cm 

Q-sepharose ion-exclanp column at a rate of 1 mUmin. Afier washing with 3 - 4 bed 

volumes of buffer AT the column was eluted with a NaCl gradient of O to XI0 200 and 

monitored at 280 nm with a Gilvm 11 l B  UV-detector. Figure 3-1 illustnw r typicd 

elution profile for the Q-sepharosc bound fkactions. The ftactions containing the ArsC 

(Peak A) were then concmtrated Qwn to appmximately 10 mL and loadad onto a 95 x 

2.6 cm Sephadex G-50 superfine column ai a flow rate of 0.2 mUmin. 'Ihe gel filtration 

elution profile is illustrated in Figure 3-2. Peak B contains thc AnC. The purification of 

wild-type AnC yieldcd betwem 15 - 20 mg of protein per Litre of culture. Once the 

protein was eluted off of the gel filtration column. the protein was more than 95% pure. 

The protein was then s t o d  at 4 in 10 mM Tris, 2ûOmM NaCl at pH 7.0 until used. 

3.2 SDS-PAGE of Wild-Tm E. coli ArsC 

The fractions containing the des id  protein w m  verifîed usiag 15 % SDS-PAGE 

(Laernmli, 1970). The purity of the ArsC elutcd off the gel filtration column is iIlustrattd 

in Figure 3-3. The ArsC is seen as a single band comsponding to a molccular weight of 

16 000 Daltons in lane 5 afttr staining with Cwmassie Brilliant Blue. The molecular 

weight markers in lane 1 consist of: bovine senun aibumin, 66 kDa; ovalbumin, 45 kDa; 

glycerddehyde-3-phosphate. 36 ma; uibonic anhydrsse, 29 kDa; üypsinogen, 24 kDa; 

soybean trypsin inhibitor, 20 kDa; a-lactalbwnin, 14.2 kDa. Lancs 2 and 3 contain two 



Figure 3-1: Q-Sepharose ion exchange elution profde of E. coli AnC. The eluted 
proteins were monitored at 280 nrn at a flow rate of 1 mumin. The lysate was applied 
and washed with 3-4 bed volumes of buffer A (10 mM MOPS-Tris, 2 mM EDTA, 2 rd! 
DTT, pH 7.5). The column was eluted with a linear salt gradient of O to 200 mM NaCl in 
buffer A. Peak A contained the ArsC. 



PakB 

Figure 3-2: Sephadex G 5 0  elution profde of E. coli ArsC. The eluted proteins wete 
monitored at 280 run at a flow rate of  0.2 mumin. The çollected fractions containing 
ArsC eluted fiom Q-Sepharose were concentrated down to 10 mL and applied to the G- 
50 coIurnn. The column was then eluted with buffer A (10 mM MOPS-Tris, 2 m M  
EDTA, pH 7.5) containing 2 0  mM NaCI. Peak B contained the ArsC. 



Figure 3-3: 15 SDS-PACE of E. coli ArsC. The first lane contains the molecular 
~ v e i e h t  + standards consisting ofi BSA. 66 kDA: ovalbumin. 45 kDA: glyceraldehyde-3- 
phosphate. 36 kDa: carbonic anhydrase. 29 kDA: trypsinogen. 24 kDa: soybean trypsin 
inhibitor. 20 kDa: and a-lactalbumin. 14.2 kDa. The second lane contains a sarnple of  
the ce11 lysate of the induced prl,.sC. The third lane is another sarnple of a dif'rerent 
culture of p.4rsC. The fourth [ m e  is a sarnple of the Q-sepharose bound fractions. Peak 
.A. Lans 5 is a sarnple of the purified ArsC eluted off of the Sephadex G-50 colurnn. 
Peak B. ArsC appears as a 16 kDa band. 



s 

separate sarnplcs of ccll lysatrr of the induccd bacteria carrying pAnC. Lane 4 contaios a 

sample from Peak A of the Q-rphuose bound fraction. Lone 5 is a sarnple of Pcak B of 

the Sephadex G-50 superfine clutcd fractions. 

3 -3 Overex~rtssion and Purification of E. coli Glutardoxin- 1 

The cc11 lysatc from a 2 L culturit of thc induced N4830 strain of E. coli canying the 

pAHOB 1 plasmid containing the Gnr-1 gene was appkd  ta a 2.5 x 30 cm Q-sephame 

ionexchange column at a rate of 1 mUrnin. The column was thtn washed with 3-4 bed 

volumes of buffer A. followed by elution with buffer A plus 200 mM NaCl. The elution 

profile of the ioncxchange column is illustrated in Figure 3-4. The elutcd fractions 

containing the Grx-1 (Peak A) werc then conccntrated &wn to appmnimatcly 10 mL and 

applied to a 95 x 2.6 cm Sephadex G-50 superfine column at a flow ratc of 0.2 mumin. 

The elution profile of the gel filtration column is iiîustrated in Figure 3-5. Peak B 

containeci the essentialiy pure Grn-1 protein. h i f i d o n  of wild-type E. coli Grx-1 

yielded between 20 - 25 mg of protein pcr Litre of cultue. The protein was a leort 95 % 

pure after elution off of the gel filtration column, as is iIlustratai in Figure 3-6. The 

purified protein was storcd as a lyophilized powder at -2û OC until ncedd. 

3.4 SDS-PAGE of E. coli GIX- 1 

The fractions containing the desircd protein werc vcrified using 15 % SDS-PAGE 

(Laemrnli, 1970). 'Ihe purity of Grn-1 eluted off the gel filtration column is illustratcd in 

Figure 3-6. The Grx-1 is s e m  as a single band comsponding to a molecular weight of 

10 000 Daltons in lane 5 aftcr staining with Coomassic Bnlliant Blue. The molecular 
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Figure 3-4: Q-Sepharose ion exchange elution profile of E. coli Grx-1. The eluted 
proteins were monitored at 280 nrn at a flow rate of 1 mumin. The lysate was applied 
and washed with 3-4 bed volumes of bufier A (10 rnM MOPS-Tris, 2 mM EDTA. pH 
7.5). The coiumn was eluted with buffer A containing 200 mM NaCl. Peak A contained 
the Grx- 1 .  
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Figure 3-5: Sephadex G-50 elution profiie of E. eoli Grx-1. The eluted proteins were 
monitored at 280 nm at a flow rate of 0.2 mumin. The collected fiactions containing 
Gm-1 eluted fiom Q-Sepharose were concentrated down to 10 mL and applied to the 
Sephadex G-50 column. The column was eluted with buffer A (10 mM MOPS-Tris, 2 
mM EDTA, pH 7.5) containing 200 m M  NaCI. Peak B contains the Grx-1. 



Figure 3-6: 15% SDS-PAGE of E. coli Grx-1. The first lane contains the molecular 
weiçht standards consisting of: BSA, 66 kDA; ovalbumin, 45 kDA; glyceraldehyde-3- 
phosphate, 36 kDa; carbonic anhydrase, 29 kDA; trypsinogen, 24 kDa; soybean trypsin 
inhibitor. 20 kDa: and a-lactalbumin, 14.2 kDa. The second lane contains a sample of 
the ce11 lysate of the overexpressed Gnc- 1. The third lane is a sample of the Q-sepharose 
bound fiactions of Grx- 1 lysate. Lane 5 is a sample of Peak B eluted off of  the Sephadex 
G-50 column. Grx- 1 appears as a I O  kDa band. 



weight marken in lane 1 consist of: bovine semm albumin. 66 kDa; ovalbumin. 45 kDa; 

glyceraldehyde-3-phosphate. 36 ma; c a h n i c  anhydrasc. 29 kDs trypsinogen. 24 D a ;  

soybean trypsin inhibitor, 20 kIh; a-laccalbumin. 14.2 k D i ~  tuK 2 contains a sample of 

the ceIl lysate of the induced cells. LPne 3 contains a sample h m  P d  A eluted off of 

the Q-sepharose ioncxchange column. 

3.5 Amino Acid Analysis of E. coli ArsC 

Amino acid analysis of ArsC was used to confm the idcntity of the protcin and to 

determine the concentration. The hydrolyzed and derivatizcd ArsC samples werc 

chromatographed on a ~ i c o - ~ a g ~  reverse-phase HPLC column. which is capable of 

resolving 17 amino acids as iliustrated in Figure 3-7 (Bidlingmeyer et d., 1984). Amino 

acids were quantifieci using rcsponse factors from extemal amino acid standards (Pierce 

Amino Acid Standard H). The ratios of detected amino acids art summarizcd in Table 3- 

1. The protein was confirmed to bc ArsC using this metho& nie concentration of the 

ArsC used in circular dichroisrn experiments was determincd to bc 6 @M. This was 

calculated using the molar ratio5 and picomolequantity of alanine and phenylalanine 

detected in relation to the extemal Pierce standards that werc ustd in the expriment. 

These amino acids were used because of their ghater stability during acid hydrolysis. 

The greater accuracy provided by amino acid analysis was nccwsary for the calculation of 

mean resi due elli ptici tics in circular dichroisrn experiments (Greenfield, 1996). 
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Figure 3-7: Amino acid andysis of k cofi Ar&. HPLC chromatogram of a hydrolyzed 
and PITC-treated ArsC simple applied to a pi-fagm column. The eluted amino acids 
were eluted with increasing acetonitrile concentration and monitored at 254 nm. 



Arnino Acid 

ASX 

GLX 

SER 

GLY 

HIS 

ARG 

THR 

A u  

PRO 

TYR 

VAL 

MET 

CYS 

ILE 

LEU 

PHE 

LYS 

Obtained Ratio 

Table 3-1: Arnino acid anaiysis of E. c d i  ArsC. Expccted ratio is the amino acid ratio 
detennined according to the primary scquence of E. coli &SC. Obtained ratio is the 
experi men ta11 y detecmined ratio using the ~ico-~ag'' '  system. Number in parentheses is 
the rounded value. Asx is the sum of aspartic acid and asparagim. Gix is the sum of 
glutamic acid and glutamine. Tryptophan values arc not listai because it is completely 
destroyed during acid hydroiysis. 



3.6 Secondarv Structure of E. mli ArsC 

3.6.1 Secondarv Structure Prcdiction Usinn Alnorithms 

The predicted recondary structure of AnC bascd on irs primvy stxucture using 

outlined aigori thms is summarizad in Table 3-2a and Table 3-2b. nie nnPrcdict (Kncilcr 

et al., 1990) and Gibrat (Gibrat et ui., 1987) algorîthms Q not calculate the relative 

amounts of tums in protcins. The Chou-Fasm algorithm (Fasman. 1989) p d c t s  

secondary structure by comparing the tendencies of the amino acids k i n g  includcd in 

specific secondary structures. The nnRcûict methoc! utilizcs computational neural 

networks to predict secondary stnicturts (Knella a d., 1990). The Gibrat method 

compares the influence of neighbouring sequencco on the spFific rcsidues (Gibrat et d., 

1987). The Levin algorithm is similar to the Cbou-Fasrnui scheme except that it 

compares 7-residuc smtches of protcins -vin a al., 1986). The DPM methoci 

combines the Chou-Fasman algorithm with a class-prediction methoci (Deleagt and 

Roux. 1987). nie SOPMA methoci utilizes mulitpk Plipmais of protein segments with 

those in a database (Geoujon and Dcleagc, 1995). Tbt consensus rnethod is a 

combination of the consensus and the neural nctwork metho& 

Al1 of the algorithms suggest that ArsC is mostly a-helicll in content with a smaUer 

proportion of p-sheet. Note that ihe Chou-Fasman mcîhod (Fasmnn, 1989) tends to be 

more generous in pndicting turns. It must also be notui that on average the prcdiction of 

secondary structure is at least 50 96 accurate, since an avcnge protein contains 27 % a- 

helix and 22 % 8-shet (Vœt and Voet, 1990). nit prdcted values tend to differ 

signifîcantly between the methads. This may be duc to the fm that the differcnt mcthads 



[ Residue No. Amino Acid Chou-Fasman nnPrcdici SOPMA 1 
1 m B 

S m  
m 
f LE 
T L f R  

ILL 
TYR 
HI S 
Aslu 
PRO 
U A  
CYS 
GLY 
T m  
Sm 
ARG 
AsIl 

THR 
LEU 
mu 
I(ET 

ILE 
ARG 
ASN 
S W  

GLY 
TnR 
GLU 
PRO 
THR 
ILE 
ILE 
Lm 
TYR 
L m  
GLU 
ASN 
PRO 
PRO 
SER 
ARG 
ASP 
GLU 
LEU 
VAL 

LYS 
Lm 
ILL 
NA 
ASP 



rtET 
CLY 
ILE 
SER 
VAL 
ARG 
ALA 
L m  
L m  
ARG 
LYS 
ASrj 

VAL 
GLU 
PRO 
TYR 
GLU 
GLN 
LEU 
GLY 
LEU 
A m  
GLU 
ASP 
LYS 
P m  
THR 
M P  
ASP 
GLN 
LEXI 
ILE 
G P  
PHE 
RœT 
LEU 
GLN 
HIS  

PRO 
ILE 
LEU 
ILE 
ASN 
ARG 
PRO 
ILE 
VAL 
VAL 
T m  
PRO 
L m  
GLY 





mou- asm man ' 44.0 27.0 7.1 22.0 

d r e d i d  33.3 9.9 - 56.7 

SOPMA' 46.8 17.7 10.6 24.8 

~ibrat' 51.1 17.0 - 31.9 

~evin' 34.0 17.7 7.8 40.4 

DPM! 24.1 2 1.3 10.6 44.4 

Consensus* 39.0 12.1 0.7 48.2 

Table 3-2b: Seeondary Structure hedictloo of E c d  AnC by various dgorithms. 
The chou- asm man' values were detcrminai according to tbe m e t h i  of Fasman, 1989. 
nnPredict2 valucs w a c  detemùned according to the m*bod of Knella et al., 1990. 
consensus' is the agreement ktween thc SOPMA' (-011 .nd Deleage, 1995). 
~ibrat'  (Gibrat et al.. 1987). ~evin' (Levin et of., 1 986). and D P I ~  (Delcage and Roux, 
1987) methods. The calculation of the consensus' vdue h dcsai i  in Rost et al., 1994. 
Note that the Gibrat and nnPredict methods do not include turns. 



use slightly differcnt critena in dctemining the amino acids' popensities for king 

included in a given secondary stnrctuit. When combinai with the influence of the 

neigh bouring residucs, these algorithms cannot take into account the complex intefactions 

that occur ktween the polypeptidt and its mvîronwnt nKsc pmgmms. Ihmfm. une 

only as a guide to a gcncral picturc and should not bc takcn as accuntc dcttrminations. 

3.6.2 Circular Dichroism Studies of E. coli ArsC 

For the native protein at 20 OC the circular dichroism spcctra wcrc obtained for the 

protein alone (6 IrM); with 60 pM arsenate; 300 pM arscnate; 60 pbl arxnitc; and 300 

ph4 arsenite. The CD spectra of ribonuclease A was also takcn as a control to illustraie 

the accuracy of the secondary stnrturc calculation based on CD exptrimcnts. The rcsulu 

are summaxized in Table 3-3. Note the discrepancies bctwœn the ChouTasman (C-F) 

estimates in secondary structure content in both Wast A and A d .  The Chou-Fasrman 

method overestimatcd the helicai content of Masc A by appximatcly 1096 a d  
- 

underestimated the random coi1 content by 15%. Notice also thaî the secondary sûucnires 

determined experimcntally using CD werc very accuratc in predicting a-helical contcat 

and relatively accurate in predicting bshect. It was oniy possible to extcnd the rcanning 

down to 190 nm because the instniment exceedcd the thrcshold limit for acceptabk 

values, which for the AVIV instrument was 600 dynode volts. The main rtason for this is 

the use of Tris buffer in Iicu of the suggestcd phosphate (Greenficlâ, 1996). Phosphate is 

an inhibitor of ArsC and, thercforc, could not bc used Note ako that the sclcondary 



Arsc 

ArsC with 
10x Arsenatc 

ArsC wih 
50x Arsenatc 

Arsc with 
10x Arsenite 

Table 3-3: Experimentaiiy detecmjtled secodary stnicture of E. CO& ArsC. 
Suucnues determincd using circular dichroism for ArsC alone, with arsenate. and with 
arsenitc. The X-ray of RNase A was taken h m  Yang, et ui., 1986. The NMR structure 
of RNase A was taken from Rico et ui., 1991. CD (1) rcfen to the seconâary structure 
calculated with the SELCON program using the Hmnessey-Johnson rtferencc database 
(Hennessey and Johnson, 1981). CD (2) =fers to the secondary stnicture calculated with 
the SELCON program using the Kabsch-Sander xefmnce database (Kabsch and Sander, 
1983). C-F nfcn to the p d c t e d  content of JeMndPry s t ~ ~ t u r c s  using the Chou- 
Fasman method (Chou and Fasman, 1978). 



structure of A M  did not chuigc àgnificantly with the addition of cicher sub- or 

product. Notice Jso that the secondary stn~~turc dciennincd cxpmmentally using CD for 

RNase A i s  fairly accurate comprrcd to boch the NMR and X-ray stnjctures. sug@ng 

t h a t C D U a g o o d m a h o d f a ~ & d w i m i n i i i o n o f r c c ~ I t n w h i n l « m i r n i d r  

protein. T k  NMR a d  X-my ~unurrr of ArrC are no< a of yet M y  dccemiinrd rd 

h e m .  canna bc cornparcd The aemdny rhucairr coatcat wm dcGermincd 

experimntaily u h g  tbc SELCON pro- (Srcerama and Woaiy. 1993). ellipticity 

values muirurcû by the AVIV instrument WCTC fim coavaied ta mem rcsidue 

ellipticitia using the meihod dcdcribed by Yang et 1. (1986). Mun midue ellipticitier 

w m  thm convericd to AE values rccading to Adkr a d.. 1973. which me rcquùrd by 

the SEKûN prognm for the dculatioa of the estimatcû s d c o ~  structure of protciar 

(Srcerama and Wmdy. 1993). nie rawidpry ~ ~ r u c h u c  of AnC w u  exphcatr l ly  

detemincd to contain approximtely 49% a-hclir. 108 bshœt, 15% turns. aad Z% 

randorn c d  flaMe 3-3). nierr is r slight variance within the dcccimined values whea 

using the 2 differcnt databasa f a  dculating the sccondyy s m r t r a c  using ihc SELiCON 

program. This is the major ca.vat of using this mcthod fa rrnwainl rrudier. Ibc 

secondary structure of the pmtcim in the durbrra cause the &dations to be basal 

towards the proceiat compiising the drtabue. The Ht~cssty-Johnscm bubrre 

(Hemesxy and J o b s o n .  1981) consists of 17 proteins and polyptptides including 

chymorrypsin, cytochrome c, myoglobin. and papain. The K.bsch-Sa& Ibtlhru_ 

O(absch uid S&, 1983) of thc same 17 proteins u the hennesscy-Johnsan 

database. 

stnlcnup) 

Tht difimencc bctwear the two mcthods lies in the estirnotion of the seconduy 

content of u c h  pr#cin a poiypeptidc. niis is a comma @km in 

52 
- 



&te*ning which midue ir included in which wcaidrry smwturr. lhac is c k r a i i  

method to &termine whee on sccondiry smcturc en& and rnother begins. This 

problem is compouc~ded by the f r t  thri NMR rmrtures & w< dwrys agmc with X-my 

crystnllognphic stmctum. u is evidenceû in tk are of RNuc A in Tabk 3-3. Tbir u 

the mason for thc dirrrpuria in scamdq rtnrtunl mntcnt ktwem d i f f m  

databases. 

niepmgnmrlsotcnQtouirdtriestinuitLihequaitityof~iaproteinrcoatrining 

a high amount of <bis scamduy stnrturc whai using currcnt databasa (GretnaClb 

1996). A malcm univemal Qtabasc that tnka into account r vrriety of proteins whosc 

seconday structural content is ckady &fincd is nœ&d for bcttcr estirnatal of recoadrry 

stnicm. 

3.6.3 Thermal Denaturations of E. cdr' Arg; 

nie mclting cwes of AisC dcme. with rrsclrirue, and with ustnite n show in 

Figure 3-8. Ellipticity wis m o n ï t d  at 222 nm with an avcraging time of 20 sscaid, 

and a 5 minute equilibcafioa timc bawœa tempaîwe char-. 'Ibt sigrnoidal shap d 

the melting curves is indicaiive of a caopntivc change in protcin s t i u c t u n .  The prwin 

was considcrrd to be in the native state befm the transition .ad compkly  den- 

after the transition statc. Basclines wexe dawn fa both the prc-transition and the post- 

transition States. nie dis- h m  the &ta point to the lowcr beseline divickd by the 

distance h m  the data point îo the uppr b l i n e  w s  takcn to k the equilibrium 
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Figure 3-8: Melting curves of  E. coli ArsC. The melting curves of ArsC were obtained 
using the AVIV CD spectrometer. The c w e  with the diamonds ( 0 ) is indicative o f  the 
melting curve of ArsC without substrate or product. The c u v e  with the triangles ( A ) is 
the melting curve o f  AnC with 5Ox arsenate. The curve with the squares ( D ) is the 
melting curve for ArsC with 50x arsenite. AI1 meiting curves were monitored at 222 nm 
with a 20 second averaging time and a 5 minute equilibration between temperatures 



constant (b). The melting t ~ m p a t w c .  Tm, was ukcn to be the interpdrted point wheir 

K, = O (Kahn et d.. 1992). The mciting temperature. as &temincd using the van H M t  

plot to an accurscy of 5 (Kahn et ui.. 1992). das ni< v u y  with the iddition d 

s u b s ~  (menau) nor podw (menite). Ihe ukulitcd values listd in Trblc 3 4  rl 

hover vwnd  the 46 "C mark, which is weli witbin the m n  of cm* of thr mcthod 

used 'The vpn Hoff t plats of AnC Jonc. witû rncant, rad wicb usni& uc ü l u t d  

in Figm 3-9. Thc melting temperature exprimcnts n cwistcnt wiib pcvia 

experiments which concludcd &Y the heondrry structure of A d  Qid not change 

the addition of eithcr srrenatc a arscnite. î l e  CD spctm of A d  wac  dso collecird 

from 240 - 190 nm at various tcmperaturts. as dmwn in Figue 3-10. 

3.7 Isolation of Plasmid Rn3 

Isolation of the R773 plasmid conrainiag Ur ArsC gcne ushg the Phumuia FI* 

R c p  kit yicldcd betwœn 5 - 10 ng of plumid pa milliütrr of arlturr. Ibc i d v a l  

plasmid was esscntialiy frre of gcnomic DNA. as ua k sem in Fi- 3-1 1. The b d  

in lane 3 compor ib  to the A l  lW muutcd ArrC plumid A 1.0% agarose gl wrr u d  

to idcntify and &tcct the purity of the isolatad plrrmid. The buid in l 8 n ~  4 earcrpoaL 

to the Y7W plasmid. The extra h d s  above the cxpbcted band is duc CO the superailiq 

of the isolatcd plasmi&. Iuw 1 contains ihc A DNA I EcoRI + H M  mPlrrn 

consisting OC: a 21.226 bp f-t; a 5148 bp fhgment: r 4973 bp -nt; a 4268 bp 

fragment; a 35%) bp fragment; 8 2027 bp fhgumt; 8 1- bp -nt; md 6 0 t h  

smailer DNA fiagmcnu. 'The plumi& w a c  s t d  in w.ia  ri -2û OC untii nœdcd. 



Sampk 

Table 3-4: Experimentaüy detennineù d t i a g  tmapratunr of E. c d  A d .  koC 
alone =fers to the protein without substrate a produc!. ?he second sampk is Ard) viih 
a Sefold excess of its substrate (-nate). nie t?hi valut is &termineci for AnC witb r 
50-fold excess of its product. 



Van HofPt Pkt of h C  with 50x 
Arsenite 

Figure 3-9: Van Hoff't Plots of the temperature melts of E. coli ArsC. The plot of In 
K, versus 1TT of the ArsC samples were used to detemine the melting points of ArsC 
with and without substrate or product. Linear regression was used to detemine the line 
of best fit. 
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Figure 3-10: CD spectra of E. coli arsC at various temperatures. The scanned CD 
spectra of arsC were obtained using the AVIV CD spectrometer fiom 240 to 190 nm with 
an averaging time of 20 seconds and a 5 minute equilibration time between scans. The 
scans were taken at 20 OC (m); 36 OC (*); 60 O C  (A); 80 OC (O); and molecl to I O  OC (O) 
after 80 OC. 



Figure 3-1 1: 1.0% Agarose Gel  of Purified pR773 plasmid containing the E. cofi 
ArsC gene. Lane 3 contains a sample of the isolated Al  1 W mutant R773 plasmid. sized 
at 3200 bp. Lane 4 contains a sample of the isolated Y7W mutant R773 plasmid, 
similariy sized at 3200 bp. Lane 1 consists of h DNNEcoRI + HirldIII markers 
çonsistinç of: a 21. 226 bp fiabment; a 5 148 bp fragment; an 4973 bp fragment: a 4268 
bp fragment: a 3530 bp fragment; 2027 bp fragment; 1904 bp fragment; and 6 other 
smaller f r q p e n t s  which ran off the gel. The sample in lane 2 is the isolated pAN08i 
plasmid canying the Gtx-i gene, sized at 4 1 00 bp. 



The isolatai A I  I W  ud Y7W pR773 mutant plumi& w a e  buufocmdd in@ dw 

compaent W3110A33 Trp ruxotroph Each mutant w u  hea rtrer)td onto L&rp 

plates containing 50 p@nL unpiciUin fa 24 hovr A 50 mL culture of LB d m  wm 

then iaoculrtcd with r single colony of ach mutant rad until m rb3abrnac of 0.7 

at600nmwasmcbai. G l y c e r o l d o c l c r w c i e m d e f a c r b m o t i o t r a d d r i ~ ' C .  

3.9 Isolation of ArsC Al  1 W and Y7W Mutau@ 

Ibe pification of mutated ArsC was the srw as the procuî~llit fa the d d - y p  Ibe 

pu"ty of cacb mutant was p a t e r  thrn 95 96, as a n  k rtc~  m Figure 3-12. Thc yidd of 

ArsC wasbdwan 10- 1Smgf8rbotbm~&~thtbc7-mhyptophrnUU10ggn,~m 

M? minimal medium. Bctweea 15 - 20 mg of potein pa ih of culture vrr 0 0 U d  

for each mutant wbm tbe mutants wac gmwn in LB wdU (LTrp). The proieiar rat 

s t o d  at 4 't in 10 mM T'sis, ZOO mM N.CI at pH 7.0 untü oscdsd 

3.10 Fïuorrsccncc Studies of El coli AnC Mutants witb E. di Gnt-1 

Fluorescenct Emission S m  of M- 3. IO. 1 
. . Wild-Tm R cdi  Arlç 

The Ouoresœncc cmission spclir of wild type, Al 1 W. a d  Y7W A& arc p m a d  

in Figure 3-13. The excitation wavelcagth w u  300 mn, sdoded bccause 70- 

fluorrsces at this excitation wavelength whncu  LTip doa not (Ross a al.. 1997). Tbe 

wild type protein dcm not exhibit uiy fiuomscmœ, u is upcctad, Ma it dar mt 

contain any Trp rcsidues. Tbe Al 1 W mutant cxhii'bits an anission maximm of 3 M  am. 



Figure 3-1 2: 15% SDS-PAGE of the A l  l W and Y7W mutants of E. coli ArsC. The 
first lane contains the molecular weight standards consisting of: BSA, 66 kDA: 
o\aIbumin. 35 kDA; glyceraldehyde-3-phosphate, 36 kDa; carbonic anhydrase, 29 kDA; 
trypsinogen. 24 kDa; soybean trypsin inhibitor, 20 kDa; and a-lactalbumin, 14.2 kDa. 
The second lane contains a sample of the ce11 lysate of the induced Al  t W mutant o f  
ArsC. The third lane contains a sample of the Q-sepharose bound fiaction of the AI 1 W 
mutant. The fourth lane is a sample of the p s t  Sephadex G-50 pure Al  1 W mutant. The 
tifth lane is a sample of the ceIl lysate of the induce Y7W mutant of ArsC. The sixth lane 
contains a sample of the Q-sepharose bound fraction of the Y7W mutant. The seventh 
lane contains a sample of the pure pst-Sephadex G-50 Y7W mutant. Both mutants of 
ArsC appears as a 16 kDa band. 



Figure 3-13: Emission Spectra of wüd type and Trp mutants of E. col. ArsC. The 
excitation wavelength was 300 nrn. Curve I is the wild type ArsC. C w e  2 is the 
A l  1 W ArsC. Curve 3 is the Y7W ArsC. Curve 4 is the emission spectmm of free 7- 
azatryptophan. The concentration of each protein and the free amino acid was 2 HM. Al1 
samples were prepared in 10 m M  Tris, 200 m M  NaCl, pH 7.0. 



s i M l ~  10 the Y7W maximum of 367 nm. Frce 7-iuiypophn displays an emissiai 

maximum of 412 nm when excitai rt 300 nm. Thctt rcsults indicatc uiat the 7- 

uatyptophan of both mumu is rclatively buried The lrrpcr fluohscellce intcnsity of 

the Y W  mutant is pbably  duc to the fact that thme is leu qrauhing of the indde 

grwp cornparcd to tk A l l W  mutant. nK qucnebing of the AllW muunt is probr#y 

due to the neighôowing Cys-12, since Cyr is o pamt qucncba of Tcp flwrrrccasc 

(Lakowicz, 1986). 

Although the ernirrim spcm of both mutants indic* that tk 7-azaaypophan is 

buricd the emission maxima of the two analog-incorporated mutmu & na t d l y  agrœ 

with the emission spccrn of prtvious studies. Stuâies of the Al  lW Md Y7W mumu 

with LTrp indicatc that tht Y7W mutant is blue shiftcd relative to the A l  lW mutant (Iju 

and Rosen, 1997). indicating th.( the Y7W mutant is more h c d  Tbe cmission maxima 

hem arc mpoired as 330 nm for the Y7W mutant and 350 am fa the A l l W  mutant w k n  

excitai at 295 m. Fiu GTrp hrr an emission maximum of 354 nm wh«i excitcd a! 295 

nm. This is pmbably âuc to the sensitive nature of the 'l-aza&yptophan (Ross a d-. 

1997). SpctrPl p-es of 7-aa&yptophan asc strmgly rff@ by f r ton  such as 

solvent acccssibility. neighbouriag residucr, and proximity O qucnckm. 

3.10.2 Fluorescence Studies of 7AW-A11W ArsC with E- cdiGrx-l 

T'he fluorescence emission spctri of 7AW-Al IW Ai2C with various ligands me 

prrsenicd in Figure 3-14. The fim curw is the emirùon spccûum of the 7AW-AllW 

protein done in the buffet (10 mM Tris. 200 mM NaCl. pH 7.0). Ihe scconâ curve i s  tbc 



Figure 3-14: Ernission Spectra of the A l l W  E. coii AnC mutant with vrrious 
ligands. Curve 1 is the emission spectrum of A 1 1 W ArsC. Curve 2 is the emission 
spectrum of A 1 1 W ArsC with 2 p M  Grx- 1 added. Curve 3 is the previous sample with 2 
mM arsenate added. Curve 4 is the previous sample with 0.5 mM glutathione added to 
the mix. The excitation wavelengh was 300 nm, and ArsC concentration was 2 PM. 
The spectra were corrected for dilution effects. Al1 samples were prepared in 10 m M  
Tris, 200 mM NaCl, pH 7.0. 



ArsC muwt with the dditicm of 2 @l E. coli -4. Thm is  no change in eithcr the 

fluorescence intmrity or the emission maximum. suggcsting thrt thcm is no interaction 

between the two proteins. ihere is dso no change upon the ddition of 2 mM -nate 

( c w e  3). The ddition of 0.5 mM glutathione. however. inQces a dccrrrrc in tk 

fluoresence intensity of the Al 1W mutant ( c m  4). suggesting wimt sat of interaction 

is occurring. 'ïlu interaction may bc due eicher dUs<ly to the gluuihione a b d i m d y  r 

the glutathione m y  rtducc the Grx-1 which would then intcrict with tht 7AW-A1 LW 

mutant. nie former case was tested as GSH was ddcd dittctly to a runple of the 7AW- 

A 11 W ArsC (Figure 3-15). The fluorcsccnce intensity dccrcased wïth the addition of 0.3 

mM GSH to 2 phf of the 7AW-ALlW mutant- Thc f luonscma intensity rcmeincd 

unchanged witb the addition of 2 @f Orx-1. indidng that the change in flwtcsance 

was due dirtctiy to the GSH, and not the Grx-1. The reverse situation was aiso tcsfbd, 

i .c, the addition of Grx-1 initially followed by the sddition of GSH. nKse rcsults 

supportcd the fact chat the change in fluorescence was due to the dditicm of GSH. d 

not the addition of Grx-1. 

3.10.3 Fl~ocitsccn~e Studie~ of 'IAW-AllW ArsC with E. d i  Grrr-l 

Rie fluorcsctnce emission s p c t r a  of 7AW-WW Aid3 witb various Ligands am 

prwcnted in Figure 3-16. nK fmt cume is a 2 )rM sample of 7AW-Y7W ArsC dobe in 

10 mM Tris, 2 0  mM NaCi. pH 7.0. The srcond curve is the pseding sampIe with 2 

pME.  cdiGrx-1 ddcd n K t h i t d r ~ m p k i s i h c p r t v i o u s z r m p k w i t h 2 m M ~  

added to the mix. 'Ihe fowh c w e  is the peccding rrmple with 05 mM GSH ddcd As 



Figure 3-15: Ernission Spectra of the A l  1 W E. coli ArsC mutant with CSH. Curve 
1 is the emission spectnim of  7AW-A 1 1 W ArsC alone. Curve 2 is the previous sample 
with the addition of  0.5 rnM glutathione. Curve 3 is the 7AW-AI 1 W ArsC containing 
0.5 mM glutathione with the addition of 2 p M  Grx-1 . The excitation wavelengtb was 
300 nm, with a 7AW-AI I W concentration of 2 PM. Al1 spectra were corrected for 
dilution effects. Al1 samples were prepared in I O  m M  Tris, 200 mM NaCI, pH 7.0. 



Figure 3-16: Emission Spectra of the Y7W E. coli ArsC mutant with various 
ligands. Curve 1 is the emission spectrum o f  7AW-Y 7W AnC alone. Curve 2 is the 
emission spectnirn of the previous sample with 2 p M  Grx-I added. Curve 3 is of the 
preceding sample with 2 mM arsenate added to the mix. Curve 4 is the preceding sample 
with 0.5 mM GSH added to the mix. The excitation wavelength was 300 nm, and the 
7AW-Y7W ArsC concentration was 2 PM. The spectra were a11 corrected for dilution 
effects. Al1 samples were prepared in 10 m M  Tris, 200 mM NaCI, pH 7.0. 



was the case with the Al  I W mutant, the fluorrrancc Uitcnsiîy dccrrurd ody witb the 

addition of the GSH. The sune approrch w u  ukcn to drduoc the airre of the change b 

f l u o m c e  of the YfW mutant as the A I l W  mutant. nit results werr similu, 

indicating that the chnpc ia fluaacare w duc d i d y  to i& dition of thc GSH ad 

mt the Grx-1. 

3.10.4 Glutabiione Titrath o f  E. eoli AnC M- 

Glutaihioae titntions were @ o d  on tbc 7AW hmqonîsd A d  mutants to rpc 

whether therc was a direct interaction of the GSH with tbc mutants. A 2 )iM sunple of 

7AW-Y7W AnC wm titntd with GSH mnging in hiom 5 phd (2.5 x Q 

relative amo<mt of AnC) to 40 mM (20 000 x chc rdrtM rmaioi of A d ) .  Tbc 

flumrrseaice emission s p t m  of cbae titntions arc pcsait4d in Figure 3-17. Ibc 

fluorescena intensity of tbc ArsC mutant did oot itatil the GSH -trrtioo 

reachai 100 )iM. which ir Sû x the relaîivc miouat of& AnC mutant. Tbe fiuarroeaa 

intensity droppaî signifiany tkdk, witb ao sabirtim of quciidùag evai 

withaGSHcoacentratioaof4ûmM. lbacisnocbiPgcinthcQùssioamuwichia(bt 

titrations, which fanainad at 367 nm. Tbc 7AW-A11 W A d  mutant d t s  w u t  similrt 

to the Y7W mutant. 



Figurr 34% EmMon Spectm of tk Y7W E adi A d  mutant with M't GSB 
concentrations. Curve 1 is the erniuicm speçmim of 7AW-YIW A d  donc (2 m. 
Curve 2 is the emission spsctnrm of the prcviocu sample witb 5 pM GSH ddcd Ciauc 3 
the prccuiing ample with 50 (rM GSH a&kû to the mix. C m  4 is the previous s8mpü 
with 100pMGSHddedtothchex. CuneSisthebeplewith500pMGSH. CUM6 
has a GSH conctnurtion of 1 .O mM. Cunn 7,8,9, 10, and 11 have r GSH conctntntion 
of 2.0 mM. 5.0 mM. 10 mM. 20 mM, riid 40 mM The exci tath  wavclcngth wrr 300 
nm. and tk 7AW-Y7W AnC concentntion wrr 2 )rM. The spsctn weiic di 
for dilution efhts. AU saanples w m  prrpirod in 10 mM Tr*. #w) m M  NaCi. pH 7.0. 



Discussion 

4.1 Overcx~rcssiorr and Purification of Proteins 

A typicrl2 L cultue d du JM109 smin of E. coli curying the AnC sene gown in 2 

x YT medium yicldcd betwœn 30 - 4û mg of poe A&. ûvehxpusion of AnC was 

considcred mcccssfui rhcr viullliutioa of the dense b d  rt 16 000 Ihltûn~ in dr 

~~~0ndluwofF iyrc3 -3 .  ~purityoftheAnCwasconsi6tredtobcgrrrtarha9S 

% by visurliring the single band si& it 16 000 Ddtcms in hae 4 of Fig<irc 3-3. 

A typicai 2 L culture of the N4830 s d n  of E. cdi m g  Ihc pAHOBl plrrmid 

encoding fa Grx-1 yielded W e e n  40 - 50 mg of pure On-1. Overcxprrssioa d ibc 

protein was considcd S I I C T E _ U ~ ~ ~ ~  .Aer visuabtion of the dcnre buid at 10 000 Ihltau 

inthesecdlaneofFigureM. ? h e p u r i t y o f O r x - l w r s & c k d t o k ~ c b i p  

95 46 by visuaiizing the single band of molaculu waght 10 tD. in the fouth Imr of 

Figure 34. 

nie A l  1W and Y7W mutants p w n  in 2 L of M9 minimal mcûium supplemclltcd 

with 7-aistryp<ophim typicrilty yielded approxhücly 20 - M mg of potnn. Ru kwa 

yields cornpucd to ibc wild type pmccin cm bc atMmcû IO thc nurriait-deficicnt k19 

minimal media. The mu- pAnC pi.smid aras t r a n s f m  imo the W31 lOA33 sûab 

of E coli which is incapable of synthesuing its owa Trp. ïbc M9 minimal d u m  u 

initidly suppkmented with 4 mg of LTrp to d o w  the M a  to grow pcia to 

overexprcsion of ihe desircd protein. nie M a  cuina br gmwn in 7-urtypopbm 

because na dl protcins with the d o g  hmpontad azc roi= nK p w t b  of the 

bacteria mry k impdc4 if maiogucs arc used initiaily. OIW the bacteria arc a l 1 4  to 

gmw and have dxmw exhuutad oie apply of LTip. the dditioa of 7AW as- ih 



chcm is good incorporation of the malog into the prorein k i n g  ovmxprrucd. Ibe 

purity of the A l  I W  and Y7W mutants is displayed in Figure 3-12. Tk single bands of 

sise 16 ma in lanu 4 rnd 7 correspond to the A l l W  ad Y7W muda& of AnC. 

respective1 y. 

'ïîu pwifiution stcps of al1 of the protcins were m m p W  as quickly as pou- 

typidy  tPlong betwsm 4-5 &p. w u  donc to enrurr m* as lit& min r 

possible wrt lest as a muit of enzymatic &gradation. Enz@ dcgndirioa U evidra 

with the appeMnoc of bands slightly s d k r  than 16 Ibh in r srmpk d AnC. indi* 

that the procein is king nicked into s m P U a  fngmmo. T k  pro<eins colleclrd wcze d 

adquaic pruity for use in fluorrscence studia. 

4.2 SDS-PAGE of Rotein Sam~ieq 

Gel electrophorrsis on a 15% polyimylamide gel providad a r8pid rd efficiea 

method to obtain an estimate of the molecula. wtights uid to vaify the piriîy of tbe 

fractions irolwd from udi coiumn during the purificafioa stcps. Tbc pramce of r 

sin& dciisc buid a f t a  the elution from the Sephdcx 0-50 dumn 3-3. M. d 

3-12) is indiaiive of a pue. isolaicd piolcin srmple. The bmd a>ncrpoa<lug io 8 

moleculu weight of 16 000 Ddtons in Figwcs 3-3 and 3- 12 is confinnition d its bcing 

wild typc Md mutant AmCe rrspsctively. 'Ik mdeculu weight of wiid type AnC 

determincd by its pRmary sc~uence is 15 811 Ddtons. Tht A l l W  mutant hrr i 

molecular weight of 15 926 Daltons (15 928 for the 7AW incarpauad mutant) as 

determincd by its prïmary sequace. Ihe Y7W mutant has r molacular night of IS û34 

Ddt- (15 835 for the 7AW il~corponted mutmu) as dctenninal by its primvy 



squence. These values ail concur with the mdcculu wci@ u dcwnnincd by 154 

SDS-PAGE. 

The size of glutardoxin-l w u  atimatcd to be ci9proximrtcly 10 000 Ddtms by 1% 

SDS-PAGE- The m k u l u  weight of On4 as dc(crmind by its primvy seqwna i, 

9685 Da. Rw single dense bud in l w  4 of Rgum 3 4  is confirmdoa of the icknîity 

and purity of the glutihdoxin-1. 

4.3 Amino Acid Analvsis of E. d i  AnC 

Amino acid anaiysis is a technique usai  to confirm the identity Md aiso to dete& 

accuntcly the concentration of a pcotcin. Acid hydrolysis foiiowd by P m -  

derivuization and subscqucnt sepuioioa rnd m o n  using tht P i c o - ~ a g ~  s y r t a  

aiiows for Che &cmnin.tioa of 17 of the 20 MÜOO ri& (Bidlingmeyer et d.. 1984). 

Figure 3-7 is a chmmatognun of a hydrr,lyzcd and dcriv- AnC rrmpk. Rr 

hydrolyzd and dmivrtized amim .ci& dute in oida fFom îbc smillest ad most pdr*, 

the larges< and last polar. This is because a Linur gradient fiom the initid polar el- 

(0.14 M afetw) to a ksc polar 60% ACN ( v h )  elumt is u d  Thc ucr undcl udi @ 

was inte* and the molar ratios of trch unim, d d  w a c  quantifiad using the mpue 

factors of dcrivatized amino .cid standank. A c o m p i ~  of the ex- 

&termincd and expected molar ratios of the dctbcted unino aci& is pcscntcd in T.Mt 3- 

1. T b  comlation is good in mort useo. A notabk cxccptioa is the dctezmined rotjcs d 

Asx and Gix. In these eues. the cfiors uc due to the cWficulty in nsolving these 

&rivathai amino ri&. nK Au and Gix differ d y  by a m#hylm grwp. md m 

rcsolution of these amino rci& a n  bc difficult. This is the most cornmon ause of qnris 



in the âctmnination of mol= ratios. Oood solvent phpuuion Md column mpintmrncc 

hclp to curb this problem. 

The msults confinned the i&ntiiy of the puifid samplc as king Arsî. The ratios of 

aimost dl of the unino vidr waic vcry close to the expacd molri mtia (Taôk El). 

Ihe concaiation of a stock solution of the protein uud fa c i d r  dichroian 

experimcnts was dso &tciminrd This w u  accomplished Mng the dacmiincd m o k  

ratios of danine md phniylaluiine b u s e  of theu stabüity to r i d  hydsolyris. Tbc 

conccntraîicm of ArsC to be u s d  fa CD expcrïmtllts was daamincd to br 6 p K  

4.4 Secondam Structural Snidies of E d i  ArsC 

A su- of the pedicicd m x d a r y  structures of AnC uring vrrious psdictMii 

w h o d s  is prrsented in Tabk 3-2. 'Lbe rue of pmdictim aigorithm is, as p c v i d y  

mentionai, at least 50 8 rcMstc in most geaml casa (Vœt md V a  1990). Tbc 

calculations, and phytiochemiul pFoperries of mino m d s  to prrdict secoodlly 

structural clcments. lhtse algorithnu cannot takc into occount the camplex interactions 

cncwntefed by an intact, ùiret-dimtnsiond, rctive protein with its envirorinient. 

T b  Chai-Fasmui algorithm prediar the structure bascd oo the pcopnsities of .min0 

a d s  king included in r spccific rmuhuic. Orwps of rmino aci& with timilar 



1 

propnsities uc clusrmd t q c h r  and extendod. uncil r nsidue is mountcrrd that is a 

disposed to occur in that type of suucture (Fasrnui, 1989). This pnre+r is npvd 

throughout the entire sequcllcc. until the entire polypeptide duin is  mippsb 

The nnncdict method pca comput8tionrl n e d  nctwaks to pmîict the felaa 

betwccn protein SCQUC~WX rad rcconduy structure ( K n b  cr d.. 1990). 'I& mis 

advantagc of bus mcthod i s  thaî it is a kuning aigorithm. ' n ~  b i m  disdvm- n 

the Limitai dur from whicb the algorithm cm mferrnce rnd use to pcdia muptrrr. 

nie Gibrat method (Giôrat n uf., 1987) trkcs iato wxount die influam of kerl 

sequences upon the conformation of a given midue. In this way it is rimilar to the C b -  

Fasman scheme. It d i f fa  in that the G i h t  method C O ~ ~ C C I I ~  ~a relrting nsi& 

pain in Lieu of clustcrs of mino ri&. 

rIhC Levin mcthod (Levia et d, 1986) is rlso similar to the Cbou-Fasnirn xkmt m 

that it d a t e s  short strttcbes of amino acids. niis mtthad relata sbctcb of 7 rniim 

acids with homologous sd~ucaces of hown structuriesturies 

T k  DPM methoâ (Deluge and Roux. 1987) uses r ôoubk pdiaio11 m d d  

consisting of the Chou-Faman mcUiod combinai with a pdictïcm of thc clas of Qe 

proteins from their rmino r i d  mmpsitioa. This has the dvm- of awbining a 

alrtady enisting method with r novel method. 

nie Self-optimizcd Rtdiction Mcthod from Alignmerits (SOPMA) uses multïplc 

dignmcnts of segments with protcins in a databrcc coatrining 126 &Wir of dissimür 

proteins. Thc corisensus mcthd is r combination of the SOPMA iad ncunl ne- 

methadS. 



The goal of these algotichm is. bwrefm. to give a g e d  gui& into elucidating dw 

actual secondary suucnire of the pacin. This is especidly uuc of M. which doer not 

exhibit any similarity to m y  bien, rrducuw rnQ hmcc. cannot be catega*od 

smrnurlly ming homology. The bai r ~ p o r h  w d d  be to ucc multipk dgoriihw ad 

deduce r conwu prcûictiaa to be uud as a guide. Al1 d dwrc dprithm am liiaiud 

byafinitedaubrceofknownpro<ciortnrarrr T k ~ u r c d f a e u h r l g o d t h m  

an modified periodicrlly. contributing ntrcha to the v r r i a a s  determiaod 

vdues. Using this mitmia. the pcdiction of acw pwin ~mwnirrr uring aipiicbmr 

should incrrace with the expansion of h w n  m i n  structures. 

4.4.2 Circular Dichroism Snicües of E d i  AnC 

Circdar dichroism is a uscful tdchniqut fa the exprimenul dtr#miniiion of the 

s&ondary stnicturc of 8 protein. "ik vcoadrry structurai ekmeats of AnC *crr 

cstimated using CD rpctro#opy in the rcgioa frwi 24û - 1#) nm A rpcmim d ibc 

refercnce protcin bovine RN= A was dso obtùned undet similar coaditioas. X-my dur 

of RN- A (Yang et al.. 1986) indiatcd tbrt 1& pmtein amtaïneci i ~~ox imate ly  248 

a-helix. 33% fhhcct. 14% btums. md 29% rraQm mil. NMR bu oa RN= A (Rico 

et d., 1991) indi- mat the protein containai 21% a-helix. 33% 12% bhw. 

and 34% random d. The dismepcïcs bctwca the NMR and X-my âata of bovine 

RN- A is demonmPtive of the 1- pmblem involving pmtnn srnidure 

dcterminations. Theh is oftcn a la& of agreement b a n  the two mcthoâs uid, so, the 

debate on exact structural dcsignaticms is on going. 



Cdculations mdc on the CD spcmun of R N u e  A indicllcd tkt the plotrin 

contained approximately 21% a-heüx. 28% B-shœ~. 21% &tums. ad 31% rmdom coi1 

using Ihe Hmneury-Johnson durbuc (Hennuccy and Joluwn. 1981). The CD dur is 

rclativcly rcurate in chrt it is clac to the NMR and X-Ray dut, foi a-heW. 

and random coi1 umtent, but Cghtly off in dcternrining the relative amount of tums. 'Ibc 

cornparison betwem CD. NMR, rnd X n y  thta fa RN= A is favourrbk, as it vilidner 

the relative accuncy of CD in dctamining sccaidrry soucbinl caitent. 

nit caicuiations made on ihe AnC spcctrum using the S W N  pmgrm ( S m n m i  

and Woody, 1993) indicated approximatdy 5û% a-hclix. 108 fbshea. 16% bhimt. ud 

24% random mil. Tbc secondary structwe of AnC did nat change significantly with the 

addition of substnrc a poduct m e  33). Ihe SEL<XIN mecW of er<im.tiog 

secondary smicturc is w#t accurate in eJtimrting Ow a-beücrt amicnt of proteins 

(Greeafield 1996). 'Ibis methcd ïs. thcrefore, a good pclimiary crtimPc fa the 

secondary structure of rnC because of the high ahelicrl cacirmt of AnC. 

'2he exprimentaiiy dctamined scc011duy stnrturc of AnC cornpua favourab1y wïth 

the SOPMA and abrrt LnedioQ, rnd k m  favoumbly with tbe awrO-Fmrn, nnhdid, 

Levin. DPU and Cowtnsus metho&. 'Ibis is surprishg amsidering that the coarawn 

methoci is a combination of the SOPMA and n c d  nctwcxk mtdiodr a the surfia ont 

would thidc that combining 2 wUiodc of anaiyris would iacrruc weurry. Tbe 

opposite is obrcrved It reems tb.1 the simpk the metbod ihe bcaa the estimrtc. 

Complex algorithms such as nnRcdict do not mcrn to have a y  dnntaga over simpkr 

methods such as the Chou-Fasrnui mcthod. 



4.5 niemal Denaturation of E. d i  

niermal ôenrhintion d e s  of ArsC indicred chu the mclting tcmpmtum of A d  

(as mONtolcd by ibc change in ellipticity at 222 nm usina a> spcm>reopy) w r  

approximatcly 46 y. ïk melting tcmprwrr did wt &ange ripiçicatiy u p  i& 

additioû of either amenate or d r t  m k  34). This U d s t e a t  with the du 

obtaincd for the sccodary stnr<inc content of the prolcin whkh did not c m  

significan tl y upon the addition of Qdvr arsenatc or usenite. 

4.6 Isolation and Site-DUibcted Mummcsis of R773 PIasIilid Coataininn t!aeAnCrimc 

isolation of the R773 plumid was p i f o d  using the PhPmrir Fkxi-mm K.k 

Two l -SmLculhmrofdwJM109~ofE~diurrying(beRmplrrmidgmwomZ 

x YI' media yielded bctwœn 15 - 30 ng of the plasmicl. 

Tbe site-dirrcted mutagenesis of ctK Ah-11 .nd Tyr-7 resicks was prfimnd W g  

the Stratagene Quik-Changcn" sitcdir#:tani mutageaa* kir With this kit. the mininai 

amount of parental plamid used combinai with the low numbcr of PCR cycles help to 

msm thaï most of the DNA prercat .fter -ycling is OK mutaicd plamid Tbc 

DpnI restriction enzyme is dded to clip d y  methylatd DNA. 'Ihis cannes thp ady 

the parental. non-muutcd pl-d DNA is dwtmycd The m u m a i  DNA is th 

transformcd into the X t 2  Blue a l lr  which =pair thc opmcrr&d DNA containing bw 

dcsircd mutation. The imnsformed XL2 cells w m  îkn platcd mto LB-8gar plmd 

containing 100 lrglmL mpicillin. A s i n e  cdony is d to inoculate Sû mL of LB 



medium and the muwed pluMd is isolried using the Phinuch kit. Thc 2 sep- 

mutants gencntd. A l  l W  and WW. are rhen r r d y  to k trmsfonned into the Tip 

auxouoph. 

4.7 Transformation of Tm Aiuobodi with A1 1 W d Y7W Mutants of AnC 

' i lte isdatcû AllW and YiW mutmu of the R n 3  piamid wae trrnrrfoirmal 

repantcly into CO-t W3110A33 Trp uuotmph rmin of E cdi. Succashi 

msfamation rcsultcd in the gowth of the transfocmcd ce& oa LB-ryr plm 

containing 100 )rglmL ampicillin. ' T h  iwulting plates contained bttween 10 - n) 
individual colonies cuntaining the dairrd plumid 

4.8 Isolation of the A11W and Y7W Mutants 

nie epnsformrtioa of the W3110A.33 Trp auxoiropb was coafiimed Co be mazdd. 

after gel electrophoresis w u  performcd oi, a sample of an iDQced cuinm of u c h  of iL 

mutants. The dense band appuiing at 16 LD. is caifimurioa of ruradd 

&ansformation (Fi- 3-12). Rinacrrioa of the overrxpcrsrd AnC mutao  Mng r Q 

Sephuose ioncxchange column .ad S c p h d u  0-5û q d n e  gl filariion d t s  in 

pure Al  1 W and Y7W mutants of ArsC. 

4.9 Fluorescence Studies of Tcy~~Odlan Containina E. cdi AnC 

'Rr successful titcdir#:ted rnutrgcllcsjs of Ard: was eoiitirmcd whai r umpk of 

eaçh of the two mutants fluoztsced, whacrs the wild type ùid a#. whea excitcd .t 34) 

nm (Figure 3-13). Thc eniiuion maximum of bo<h mutants wm 366 am compPrcd to 411 



nm for the f a  7 - m o p h u i .  indicating that the Trp mutants wcm both sirnilarfy 

buricd. The grcattr fluoh~cence intensity of the Y7W munt compucd to thu of the 

A l  1W coupied with thr rimilm emission maximum indi- that thme is quenching of 

the A l l W m u t m t  I h * i s p o b r b l y d u e ~ ~ p ~ d t y d d u A l l W u > n t v t i v e C p  

12 site. sincc cystcinc is  i knom qucncher d flw>rrrcencr (hkowia, 1986). 

~ f l u o r r ~ c e a c e p o p r r i o o f & ~ o f O u ~ r o m u u i t < . n w c r f f c a c d b y t b c  

addition of 2 GEX-1 (Figures 3-14. 3-15. md 3-16). The indok p u p  of 7- 

azatryptophnn is more e t i v e  to qucaching because of the extra niîrugcn m m  prrrrat- 

This nitmgen is u> extra hydcogen-bond former. hence the grau qoenching pwnti.1 fa 

this andog. Tbc dit ive intcntitict of boch mutants arc daruwd upon the dditim of 

GSH, eitha with a withait the pnsence of Grx-1 and amaute. Tb* is prob8bly duc to 

the dir#:t interaction of oie GSH wïth the AnC mutants. Tbc OSA mry fam r mixed 

disuifide with brt r C t i ~ e  w-12 of M. The result~ coaflia iIightiy with pltviou~ 

studies (Liu and Rown, 1997). nieSe results indicated thrt thcm was an incrcast in tht 

fluorescence intemitics of both mutants upai the dditioi of tbc nibstr8îc (.nenate). 

Thest studies rlso indicatd  th^^ GSH done did rfiract fl-. The 

discrepancies tre p b b l y  due to the mac M u t i v e  nmic of 7-. 'Ib* 

study das. howcva. p v i &  wpparing evidenoc for the aiscc ia*netiaa of the 7AW- 

A1 I W and 7AW-Y7W mutants with GSH. 

4- 10 Glutathione Titxatioru of E cdi A d  

Glutathione titntions of AnC wert peiramed to confirm a direct interaction bawsen 

PusC and GSH. As cm k seen in Figurc 3-17, the fluawcenoc intnuity kgins to 



de cru^ significantly only when the GSH concen<ntion nwha LW )iM. which is SO x 

the concentration of M. Fwthcrmom. the iniensity continues to dscmsc with the 

addition of more GSH. This indicaies that the inicnctim ktwetn GSH and AnC is r 

fluorescent artifut. whac the GSH is qucnching the inmimie fluorrrawe of the m. 
It is .IrrPdy b w n  that suifhydiyls arc a pacnt quencha of Ili##fawu (Ucowia, 

1986). and the iacrcrwd ~nr i t iv i ty  of 7AW 1t1.tin to LTrp c x a g g m  chU 

phenornenon. The final aim in Figue 3-17 demolutntes bow du fluorrve~cc i n u t y  

was continullly dcccuring with the GSH caicenmtim at 40 mM, which is n) O#) iimer 

the concentration of M. If the in tedon  between the protein and GSH werc toc~c 

kind of ligand interaction such as disulfick bond f d m  betwœa ArsC d GSK f k a  

the change in fluorrscence properiies would exhibit srtuntion. This is wi scm, .ad the 

interaction is m m l y  the pumching cffcct of GSK 



formation of an AnCOSH cornplex. Funher investigation is q u i r d  to elucidate hr 

exact rnechanism of rusenate rcduction with h C .  The pmpovd mechanhm of menate 

rcduction by AnC is pcrcnied in figure Cl. It pmpostr chat n initiai compkx is 

formed btnvœn AnC rnd tk ~zmyc (Liu d R a m .  19PI). Riis compkx would tîw 

i n t m t  with GSH. with the tramfa of ekcnonr to d u c c  As* CO As*. 'Thc d r i m g  

anmite would thai d i d a t e  Ciom the caapkx. with its &sequent extrusion by AnA 

and AnB. T h  AnCOSH would ihen bc reduced by Ga-1. ngenartiq d u c d  AnC. 

nK glutathone-gluurrdoxin compkx w d d  thca be redueed by dditïad OSK 

indicating dual role f a  GSH ?hc rrnilt is ihe rcgeneration of C h - I  and GSSG. whKb 

itsclf can bc r c d d  by giuuthionc rdwtrse and NADPH. T'bis mechanisrn modcl 

pn&s a testable schemt for dw interactions ktwccn AnC. Grx-1. GSK tad USCWC- 

4.12 Future Worlr 

'Ihe goal of ushg the malog incorpontcd mutants is to rlk>w fœ the use of 

fluoresccncc stuclies to pobe into the interactions of two prottins in casa whae both of 

the proteins contaia Tip In this cru. che Grx-1 contains a Trp rcsidue tbt is dvait 

ex- and, heaa. contributes to the fluaeseaicc signal wimoUt Pding in ibr 

interaction shidia. Activity msays of the 7AW-AI 1W md 7AW-Y7W mutants rn- be 

prfomied to detamine whctha ihc incocpartioa of the rnrlog .fFects utivity. If 

inactive. other a n d o g u ~ ~  (cg. S-fluaotypophui. 5-hydroxytzyptoph~~) cra bc 

incorporatcd into the Trp mutants which mry not affect OK Etivity of the prWcin. 

Recent focus has bcea on using rnacha glutuedoxin. giuurrQxïn-3. which d o s  not 

contain any Trp ~ i d u c r  (NOtdStrPnd et d.. 1999). This w d d  diminate ihe nstd f a  



AnC-SH + &(V) -# AnC-S-h(V) 

AnC-S-&(V) + GSH A~C-AS(V)-SG 

hC-AsOr)-SG M - S G  + ho 

M S G  +OrrlSH W S H  +OS-Sm1 

GS-SGrxl + GSH Gnl + GSSG 

GSSG + GR + 2NADPH 6 2GSH + GR + NADP +2H+ 

Figure 4-1: Pro- M~~ d Amenate Rductka.  An initial complex is 
formcù ktwotn ArsC and the usaiatc. This complex would thcn interact with GSH. 
with the tnuisfa of electrow to rrduce Ass to As? Thc rcsulting arscnïîc would chm 
dissociate from the complex. with its subscqueat exmuim by ArsA and AmB. 'Tbc 
ArsC-GSH would thcn k rcduced by -4. rcgffmting Litduccû Anç Ibt 
glutathione-giutzvedoxin compkx warld then be rrbced by uîditimd GSH, indiuting r 
duai role fa GSH. The mult ù the ccgcnentjon of Ch-l ad GSSG. which itsclf aa bc 
reduced by glutathiom ductue  (GR) anci NADPH. This mcchrnism mode1 provider r 
testable schemt for the interactions ktweai AnC, Gix-1, GSH, and usenate (Lu rad 
Rosen, 1997). 



using analog-incocpartd m u m u  which aiways p e s  the qucstiai of wkther or net the 

protein is active. E. cdi giutlredoxin-3 disphys 8 33% quencc homdgy to &. cd1 

glutaredoxin-1 (Aslund a al.. lm). Both 8luureQxins contain the Cys-PrOITyrCy 

redox-active motif. indicdng similu m o n  rchcmtr. On-3 i n m m  sûdies vâh 

AnC using flu- rpcmirsopy could, thacf-, -dly rhed w*c üght oo cbc 

proposcd mcchanism anamte rrduciion. nK compkùty al AnC d v i t y  and its m l  

ductase propmie mk the elucidatim of its rrrtioa pathwry an important a m  d 

investigation for funih work. 
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