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AB67RAC7
The micUoWXbXle-aVVociaWed SUoWein TaX (MAPT) Sla\V a cUiWical Uole in man\
neXUodegeneUaWiYe diVeaVeV. TaX fXncWionV Wo VWabili]e micUoWXbXle VWUXcWXUeV WhaW aUe
eVVenWial foU WUanVSoUW ZiWhin Whe neXUon, and WUanVSoUW diVUXSWion leadV Wo loVV of
neXUonal fXncWion. TaX binding iV UegXlaWed b\ ShoVShoU\laWion ZiWh Whe helS of kinaVeV
WhaW add ShoVShaWe gUoXSV Zhich block micUoWXbXle binding ViWeV, and ShoVShaWaVeV
WhaW UemoYe ShoVShaWe gUoXSV and e[SoVe Whe micUoWXbXle-binding UegionV. TaX can be
foXnd in h\SeU-ShoVShoU\laWed VWaWeV, Zhich caXVeV TaX Wo Velf-aVVemble inWo
aggUegaWeV and SUeYenW micUoWXbXle binding. IW'V cleaU WhaW SoVW-WUanVlaWional
modificaWionV (PTMV) of TaX Sla\ a ke\ Uole in Whe d\VUegXlaWion of neXUonal fXncWion
dXe Wo abnoUmal confoUmaWional changeV, hoZeYeU noW all PTMV aUe aV WhoUoXghl\
VWXdied aV ShoVShoU\laWion. N-WeUminal aceW\laWion iV Whe moVW common PTM of all
SUoWeinV and TaX iV SUedicWed Wo be a WaUgeW. N-WeUminal aceW\laWion iV a co-WUanVlaWional
SUoceVV WhaW iV caWal\]ed b\ N-WeUminal aceW\lWUanVfeUaVeV, Zhich addV an aceW\l gUoXS
Wo Whe N-WeUminXV of TaX, WhXV neXWUali]ing Whe SoViWiYe chaUge on Whe N-WeUminXV.
Commonl\, VWXdieV endogenoXVl\ e[SUeVV TaX in a SUokaU\oWic V\VWem WhaW lack PTMV.
UWili]ing a co-e[SUeVVion V\VWem in E. cROL alloZV foU Whe SXUificaWion of TaX ZiWh a
modified N-WeUminXV. PXUif\ing modified TaX ZiWh FaVW PUoWein LiTXid ChUomaWogUaSh\
(FPLC) Zill alloZ XV Wo SUobe Whe VWUXcWXUal and fXncWional effecWV of N-WeUminal
aceW\laWion b\ aVVeVVing changeV in TaX¶V aggUegaWion and micUoWXbXle binding affiniW\
and Sol\meUi]aWion.
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INTROD8CTION:

I. NHXURGHJHQHUDWLYH DLVHDVHV

NeXURdegeQeUaWiYe diVeaVeV aUe chaUacWeUi]ed b\ QeXURQal aWURSh\ UelaWed WR abQRUPal

SURWeiQ d\QaPicV dXe WR aQ aUUa\ Rf iQWeUUelaWed facWRUV (YaPaPRWR eW al. 2000; AXlXck eW al.

2002; McKee eW al. 2009; GUiPaldi eW al. 2018; BaQd\RSadh\a\ eW al. 2007). SRPe PajRU facWRUV

Pa\ iQclXde R[idaWiYe VWUeVV, PiWRchRQdUial d\VfXQcWiRQ, diVUXSWiRQ iQ Whe SURWeRVWaViV QeWZRUk,

aQd geQeWicV. NeXURdegeQeUaWiYe diVeaVeV aUe chaUacWeUi]ed baVed RQ Whe XQiTXe cRPbiQaWiRQV Rf

WheVe facWRUV, Zhich caQ be iQWeUUelaWed ZheUe RQe caXVeV Whe RWheU (JelliQgeU, 2010).

O[idaWiYe VWUeVV UefeUV WR Whe UedR[ iPbalaQce iQ cellV aQd RUgaQiVPV, ZheUe Whe

cRQceQWUaWiRQ Rf UeacWiYe R[\geQ VSecieV (ROS) iV iQcUeaVed aQd QRW balaQced b\ aQWiR[idaQW

defeQVe iQ RUdeU WR PaiQWaiQ UedR[ hRPeRVWaViV. ThiV caXVeV a diVWXUbaQce iQ cellXlaU PeWabRliVP

aQd UegXlaWiRQ Rf cellXlaU cRQVWiWXeQWV, eVSeciall\ SURWeiQV (BUeiWeQbach aQd Eckl, 2015). The

QeUYRXV V\VWeP iV eVSeciall\ VeQViWiYe aQd VXVceSWible WR R[idaWiYe VWUeVV becaXVe iW PakeV XS

aSSUR[iPaWel\ 20% Rf Whe bRd\ŖV baVal O2 cRQVXPSWiRQ (HalliZell, 2006). ThiV laUge aPRXQW Rf

cRQVXPSWiRQ iV dXe WR Whe laUge aPRXQW Rf ATP Qeeded WR SURSagaWe acWiRQ SRWeQWialV fURP

QeXURQ WR QeXURQ aQd RYeUall QeXURVecUeWiRQ (HalliZell, 2006). ROS aUe SUiPaUil\ SURdXced fURP

eVcaSiQg elecWURQV Rf Whe UeVSiUaWRU\ chaiQ UeacWiQg ZiWh R[\geQ iQ Whe iQQeU PePbUaQe Rf

PiWRchRQdUia dXe WR PXWaWiRQV iQ PiWRchRQdUial DNA, PeWal-iURQ-aVVRciaWed FeQWRQ UeacWiRQV,

liSid SeUR[idaWiRQ, aQd QiWUic R[ide iQdXced SURWeiQ QiWURV\laWiRQ iQ QeXURQV (JelliQgeU, 2010).

TheVe ROS haYe VhRZQ WR QRQ-VelecWiYel\ R[idi]e SURWeiQV aQd WheUefRUe PediaWe SURWeiQ

PiVfRldiQg aQd SURWeiQ UadicalV WhaW caQ caXVe a caVcade Rf eYeQWV VXch aV d\VUegXlaWiRQ Rf

calciXP hRPeRVWaViV, UeacWiYe aWURgliRViV bRWh RbVeUYed iQ QeXURdegeQeUaWiRQ (JelliQgeU, 2010).

AddiWiYel\, cellV WhaW caQQRW cRUUecW WheiU R[idaWiYe iPbalaQce eQWeU aSRSWRViV ZiWh UaSid cell

deaWh addiQg WR R[idaWiYe VWUeVVŖV cRQWUibXWiRQ WR QeXURQal degeQeUaWiRQ (JelliQgeU, 2010)

The PiWRchRQdUia iV bRWh aQ iPSRUWaQW SURdXceU aQd WaUgeW Rf ROS. High leYelV Rf

R[idaQWV caQ iQdXce PiWRchRQdUial SeUPeabiliW\ WUaQViWiRQ aQd XQcRXSle R[idaWiYe

ShRVShRU\laWiRQ ZiWh caWaVWURShic eĳecWV RQ PiWRchRQdUial eQeUgeWicV aQd PeWabRliVP, PeaQiQg
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lRZeUed SURdXcWiRQ Rf ATP, WhaW cRQWUibXWe WR c\WRWR[iciW\ Yia aSRSWRViV (JelliQgeU, 2010).

HRZeYeU, PiWRchRQdUial d\VfXQcWiRQ UelaWeV WR abQRUPal SURWeiQ fRldiQg becaXVe decUeaVed ATP

SURdXcWiRQ haV VhRZQ WR iQcUeaVe Whe SURdXcWiRQ Rf aP\lRid β SeSWideV WhaW Pake XS aP\lRid

SURWeiQ SlaTXeV (JelliQgeU, 2010). TheVe aP\lRid β SeSWideV caQ eaVil\ eQWeU Whe PiWRchRQdUia dXe

WR Whe iQcUeaVed SeUPeabiliW\ Rf iWV PePbUaQe aQd WheUefRUe iQdXce Whe SURdXcWiRQ Rf fUee

UadicalV, decUeaVe c\WRchURPe R[idaVe acWiYiW\ aQd iQhibiW ATP geQeUaWiRQ (JelliQgeU, 2010). SR iQ

a cleYeU V\VWeP, PiWRchRQdUial d\VfXQcWiRQ Pa\ iQcUeaVe abQRUPal SURWeiQ d\QaPicV bXW alVR

abQRUPall\ fRlded SURWeiQV iQWeUacW ZiWh Whe PiWRchRQdUia aQd fXUWheU fXel iWV d\VfXQcWiRQ.

DiVUXSWiRQ Rf Whe SURWeRVWaViV QeWZRUk iV SURbabl\ RQe Rf Whe PRVW iPSRUWaQW facWRUV

SeUWaiQiQg WR abQRUPal SURWeiQ PiVfRldiQg becaXVe SURWeiQ fRUPaWiRQ iV UegXlaWed b\ WhiV QeWZRUk

(JelliQgeU, 2010). The QeWZRUkŖV UegXlaWiRQ UeVSRQVibiliW\ iQYRlYeV VWUicW cRQWURl Rf Whe

SURdXcWiRQ, fRldiQg, abXQdaQce, aQd VXbcellXlaU lRcali]aWiRQ Rf SURWeiQV, aV Zell aV PaiQWeQaQce

Rf SURWeiQ cRQfRUPaWiRQ (KlaiSV eW al. 2018). The ıUVW bUaQch Rf Whe QeWZRUk, V\QWheViV, iV

cRPSUiVed Rf 279 cRPSRQeQWV, Whe VecRQd bUaQch, fRldiQg Zhich iV RfWeQ cRXSled ZiWh WUaQVSRUW

aQd aVVePbl\, iV cRPSUiVed Rf 332 cRPSRQeQWV, Whe WhiUd bUaQch, degUadaWiRQ, iV cRPSUiVed Rf

bRWh Whe XbiTXiWiQ-SURWeaVRPe aQd aXWRShag\ V\VWeP WR Pake a WRWal Rf 1388 cRPSRQeQWV (KlaiSV

eW al. 2018). MRlecXlaU chaSeURQeV Sla\ a PajRU URle iQ WhiV QeWZRUk aV Whe\ acW aV liaiVRQV

beWZeeQ Whe QeWZRUk bUaQcheV aQd SUeYeQW Whe PiVfRldiQg Rf diVeaVe-caXViQg SURWeiQV (KlaiSV eW

al. 2018). The fRldiQg SURceVV iV iQheUeQWl\ eUURU SURQe dXe WR Whe laUge QXPbeU Rf SRVVible

cRQfRUPaWiRQV a SRl\SeSWide caQ adRSW (JelliQgeU, 2010). TheUefRUe, ZheQ Whe QeWZRUkŖV abiliW\ WR

cRSe ZiWh Whe SURdXcWiRQ Rf PiVfRlded SURWeiQ decUeaVeV iW leadV WR Whe TXick accXPXlaWiRQ Rf

WheVe SURWeiQV WhaW aWWUacW WR each RWheU aQd fRUP leViRQV aQd aggUegaWeV WhaW becRPe WR[ic WR Whe

cell (JelliQgeU, 2010). The decUeaVed abiliW\ Rf WhiV QeWZRUk iV QRUPall\ caXVed b\ agiQg Zhich

UeVXlWV iQ Whe gaiQ Rf PXWaWiRQV iQ geQeV WhaW e[SUeVV Whe diVeaVe-caXViQg SURWeiQ aQd faXlW\

PRlecXlaU chaSeURQeV (KlaiSV eW al. 2018; JelliQgeU, 2010)

SRPe Rf Whe QeXURdegeQeUaWiYe diVeaVeV UelaWed WR abQRUPal SURWeiQ d\QaPicV iQclXde

PaUkiQVRQŖV diVeaVe (PD), HXQWiQgWRQŖV diVeaVe, ChURQic WUaXPaWic EQceShalRSaWh\ (CTE),

Al]heiPeUŖV diVeaVe (AD), aQd TaXRSaWhieV. PaUkiQVRQŖV diVeaVe (PD) iV cRQVideUed Whe VecRQd

PRVW cRPPRQ QeXURdegeQeUaWiYe diVRUdeU (AXlXck eW al. 2002). PD QRUPall\ aĳecWV SeRSle iQ

laWeU \eaUV Rf life iQ PXlWiSle V\VWePV (SYeiQbjRUQVdRWWiU, 2016). PD iV diagQRVed cliQicall\, baVed
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RQ Whe SUeVeQWaWiRQ Rf V\PSWRPV, VSeciıcall\ Whe ıUVW PRWRU V\PSWRP (SYeiQbjRUQVdRWWiU, 2016).

S\PSWRPV e[hibiWed caQ be PRWRU RU QRQ PRWRU, ZheUe QRQ PRWRU V\PSWRPV aSSeaU befRUe

PRWRU RQeV VWaUWiQg aV eaUl\ aV 10 \eaUV SUiRU (SYeiQbjRUQVdRWWiU, 2016). MRWRU V\PSWRPV caQ be

VlRZQeVV Rf YRlXQWaU\ PRYePeQWV, PXVcXlaU UigidiW\, UeVWiQg WUePRUV, aQd SRVWXUe iQVWabiliW\.

NRQ-PRWRU V\PSWRPV caQ be lack Rf ePRWiRQal iQYRlYePeQW aQd iQWeUeVW, e[ceVViYe da\WiPe

VleeSiQeVV, VleeS SURblePV, aQd cRQVWiSaWiRQ (SYeiQbjRUQVdRWWiU, 2016).

A. PaUNLQVRQŖV DLVeaVe

PD iV SUiPaUil\ Whe UeVXlW Rf daPaged e[WUaS\UaPidal QeXURQV dXe WR XbiTXiWRXV

α-V\QXcleiQ ılaPeQWRXV iQclXViRQV iQ Whe fRUP Rf LeZ\ bRdieV, WhRXgh iW caQ aĳecW RWheU W\SeV Rf

UegiRQal QeXURQV (AXlXck eW al. 2002). AggUegaWiRQ Rf α-V\QXcleiQ iV Vaid WR be caXVed b\ a

PiVVeQVe PXWaWiRQ aW SRViWiRQ 53 (A53T) iQ iWV geQe aQd giYeV UiVe WR c\WRWR[iciW\ geQeUall\

WhURXgh PiWRchRQdUial d\VfXQcWiRQ, eQdRSlaVPic UeWicXlXP VWUeVV, SURWeaVRPe V\VWeP

d\VfXQcWiRQ, aQd iQĲaPPaWRU\ UeVSRQVeV iQ PicURglia (AXlXck eW al. 2002). SiQce PD iV caXVed

b\ a caVcade Rf facWRUV aQd aĳecWV PXlWiSle V\VWePV Rf Whe bRd\ WheUe iV QR WUeaWPeQW aYailable WR

ViPSl\ VWRS Whe SURgUeVViRQ Rf Whe diVeaVe (SYeiQbjRUQVdRWWiU, 2016). HRZeYeU, WUeaWPeQW ZiWh

dRSaPiQeUgic dUXgV aUe XVed WR UelieYe V\PSWRPV aQd cRUUecW PRWRU diVWXUbaQce

(SYeiQbjRUQVdRWWiU, 2016). TheUe aUe VXUgical WUeaWPeQWV aYailable, like deeS bUaiQ elecWUical

VWiPXlaWiRQ, bXW iW iV RQl\ XVed fRU a VelecW gURXS Rf SaWieQWV WhaW dR QRW UeVSRQd WR dUXg WheUaS\

(SYeiQbjRUQVdRWWiU, 2016).

B. HXQWLQJWRQŖV DLVeaVe

HXQWiQgWRQŖV diVeaVe (HD) iV aQ aXWRVRPal dRPiQaQW iQheUiWed diVRUdeU WhaW VWaUWV

VhRZiQg aW Pid-age aQd deaWh fRllRZV QR PRUe WhaQ 10 WR 20 \eaUV afWeU RQVeW aW Piddle age

(YaPaPRWR A. eW al. 2000). ThiV iV a UaUe diVRUdeU WhaW iV SUeYaleQW iQ RQl\ 10 RXW Rf 100,000

SeRSle iQ Whe CaXcaViaQ SRSXlaWiRQ (RRRV, 2010). S\PSWRPV WhaW chaUacWeUi]e HXQWiQgWRQŖV aUe

QRUPall\ iQYRlXQWaU\ PRWRU chaQgeV aQd PRYePeQWV (RRRV, 2010). D\VWRQia, Zhich iV Whe ıUVW

PRWRU VigQV Rf HXQWiQgWRQŖV, WickV, ŗdUXQkŘ ZalkiQg, d\VaUWhUia, aQd d\VShagia aUe VRPe Rf Whe

RWheU PRWRU VigQV (RRRV, 2010). BehaYiRUal aQd SV\chiaWUic V\PSWRPV SUeVeQW eaUl\ RQ befRUe

PRWRU V\PSWRPV; The PRVW fUeTXeQW VigQ iV deSUeVViRQ, bXW RWheUV aUe aSaWh\, iQacWiYiW\, lRZ Velf
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eVWeeP, aQd feeliQgV Rf gXilW RU aQ[ieW\ (RRRV, 2010). DiagQRViQg HD iV baVed RQ Whe

SUeVeQWaWiRQ Rf cliQical V\PSWRPV deVcUibed SUeYiRXVl\ aQd Whe iQdiYidXal haYiQg a SaUeQW ZiWh

HD; IW iV eVVeQWiall\ WR Wake a faPil\ hiVWRU\ Rf a SeUVRQ ZiWh V\PSWRPV, becaXVe ZiWh iW

diagQRViV iV QRW YeU\ diĴcXlW (RRRV, 2010).

HXQWiQgWRQŖV diVeaVe iV caXVed b\ Whe lack Rf cRPPXQicaWiRQ beWZeeQ cRUWical S\UaPidal

QeXURQV aQd VWUiaWal PediXP VSiQ\ QeXURQV (YaPaPRWR eW al. 2000). The lack Rf cRPPXQicaWiRQ

UeVXlWV fURP Whe e[SaQViRQ Rf glXWaPiQe UeSeaWV iQ Whe N-WeUPiQal UegiRQ Rf Whe hXQWiQgWiQ SURWeiQ

Zhich SURPRWeV iWV aggUegaWiRQ dXe WR a PXWaWiRQ iQ Whe hXQWiQgWiQ geQe (HTT) (YaPaPRWR eW al.

2000).

TheUe iV QR cXUe fRU HD bXW WheUe aUe WheUaSeXWicV aYailable fRU WUeaWiQg Whe V\PSWRPV WR

iQcUeaVe RQeŖV TXaliW\ Rf life (RRRV, 2010). The PRVW WaUgeWed VeW Rf V\PSWRPV WR WUeaW aUe Whe

PRWRU RQeV, dRSaPiQe UeceSWRU blRckiQg RU deSleWiQg ageQWV aUe XVed WR WUeaW WheP (RRVV, 2010).

The SURgQRViV Rf iQdiYidXalV ZiWh HD QRUPall\ ZRUVeQ ZiWh iQcUeaVed lack Rf PRWRU cRQWURl aQd

abiliW\, eYeQWXall\ deaWh RccXUV becaXVe Rf cRPSleWe Sh\Vical deSeQdeQce RU VXicide (RRRV,

2010).

C. CKURPLc TUaXPaWLc EQceSKaORSaWK\

ChURQic TUaXPaWic EQceShalRSaWh\ (CTE) iV a QeXURdegeQeUaWiYe diVeaVe SUeYaleQW iQ

aWhleWeV Sla\iQg cRQWacW VSRUWV like fRRWball aQd iQ PiliWaU\ YeWeUaQV ZhR ZeUe iQ cRPbaW VeWWiQgV

(FeVhaUaki-Zadeh, 2019). The diVeaVe iV chaUacWeUi]ed iQ 3 aUeaV; The ıUVW aUea iV behaYiRUal,

iQclXdiQg aggUeVViRQ, deSUeVViRQ, aSaWh\, iPSXlViYiW\, aQd delXViRQV; The VecRQd aUea iV

cRgQiWiYe, ZheUe diPiQiVhed aWWeQWiRQ aQd cRQceQWUaWiRQ, PePRU\ deıciWV, e[ecXWiYe fXQcWiRQiQg

deıciWV, aQd dePeQWia aUe e[hibiWed (FeVhaUaki-Zadeh, 2019). MRWRU iV Whe WhiUd aQd laVW dRPaiQ

Zhich cRQViVWV Rf d\VaUWhUia, gaiW abQRUPaliWieV, iQcRRUdiQaWiRQ, aQd WUePRUV (FeVhaUaki-Zadeh,

2019). BaVed RQ WheVe diĳeUeQW V\PSWRPV fURP Whe diĳeUeQW dRPaiQV WheUe aUe 4 diagQRVWic

VXbW\SeV deıQed, deıQiWe, SURbable, SRVVible, aQd iPSURbable CTE WhaW caQ be deWeUPiQed baVed

RQ Whe ZRUVeQiQg aQd fUeTXeQc\ Rf Whe V\PSWRPV (FeVhaUaki-Zadeh, 2019). UQfRUWXQaWel\,

cRQclXViYe diagQRViV Rf CTE iV RQl\ accRPSliVhed ZiWh QeXURSaWhRlRgical e[aPiQaWiRQ Rf bUaiQ

WiVVXe (Mckee eW al. 2015). CTE UeVXlWV fURP fURQWal aQd WePSRUal lRbe deWeUiRUaWiRQ, WhiQQiQg Rf

Whe h\SRWhalaPic ĲRRU, VhUiQkage Rf Whe PaPPillaU\ bRdieV, SallRU Rf Whe VXbVWaQWia QigUa,

7



eQlaUgePeQW Rf YeQWUicle, aQd UedXcWiRQ Rf bUaiQ PaVV UeVXlWiQg fURP YaUiable aP\lRid-β deSRViWV,

TDP-43 SRViWiYe iQclXViRQV, aQd QeXUiWeV (McKee eW al., 2009). HRZeYeU, Whe PRVW iPSRUWaQW

caXVe Rf SaWhRlRg\ iV lRcali]ed QeXURQal aQd glial accXPXlaWiRQ Rf ShRVShRU\laWed TaX (S-TaX)

WhaW VWaUW RXW aV QeXURıbUillaU\ WaQgleV (NFT) befRUe fRUPiQg SlaTXeV aQd aggUegaWeV (McKee eW

al. 2009).

ThiV diVeaVe haV alZa\V beeQ kQRZQ WR be aVVRciaWed ZiWh bR[iQg aQd fRRWball dXe WR Whe

daPage WheVe VSRUWV caXVe ZiWh UeSeWiWiYe WUaXPa WR Whe bUaiQ; ThiV WUaXPa iV ZhaW caXVeV Whe

accXPXlaWiRQ Rf S-TaX WhaW UeVXlW iQ QeXURlRgical deWeUiRUaWiRQ (McKee eW al. 2009). ThRXgh

WheUe iV QR VeW WUeaWPeQW fRU CTE, iWŖV beeQ Vaid WhaW aSSl\iQg WUaXPaWic bUaiQ iQjXU\ (TBI)

WUeaWPeQW iQ a WiPe VeQViWiYe PaQQeU Pa\ SURYide a Yiable RSWiRQ fRU WhRVe WhaW VXĳeU fURP iW, aV

Zell aV iPSlePeQWaWiRQ Rf SUeYeQWaWiYe PeaVXUeV fRU aWhleWeV aQd PiliWaU\ SeUVRQQel

(FeVhaUaki-Zadeh, 2019).

D. AO]KeLPeUŖV DLVeaVe

Al]heiPeUŖV DiVeaVeŖV (AD) iV PRVW SUeYaleQW iQ Whe eldeUl\, aQd accRXQWV fRU 60-70% Rf

all dePeQWia caVeV (GUiPaldi eW al. 2018). S\PSWRPV Rf AD aUe Whe VaPe RQeV e[hibiWed iQ WhRVe

ZiWh dePeQWia (GUiPaldi eW al. 2018). DiagQRViV iV cXUUeQWl\ baVed RQ cRgQiWiYe aVVeVVPeQWV Rf

SaWieQWV SUeVeQWiQg V\PSWRPaWic feaWXUeV Rf cRgQiWiYe aQd behaYiRU chaQgeV, biRPaUkeU WeVWiQg Rf

ceUebURVSiQal ĲXid, aQd MRI iPageV Rf Whe bUaiQ (GUiPaldi eW al. 2018 aQd HaQe eW al. 2017).

ADŖV hallPaUk iV c\WRVkeleWal alWeUaWiRQV VWePPiQg fURP Whe fRUPaWiRQ Rf abQRUPal TaX SURWeiQ

VWUXcWXUeV iQ a feZ QeXURQal W\SeV iQ Whe CNS. TheVe abQRUPal fRUPaWiRQV iQclXde Whe

accXPXlaWiRQ Rf aP\lRid β SlaTXeV e[WUacellXlaUl\ aQd h\SeUShRVShRU\laWed TaX iQWUacellXlaUl\

(GUiPaldi eW al. 2018). TheiU SUecXUVRUV aUe aP\lRid SURWeiQV aQd QeXURıbUillaU\ WaQgleV

(GUiPaldi A. eW al. 2018). NeXURQal lRVV fRU AD iQdiYidXalV begiQV 10-15 \eaUV SUiRU WR aQ\

cRgQiWiYe iPSaiUPeQW (GUiPaldi eW al., 2018). IQ WeUPV Rf cRgQiWiYe iPSaiUPeQW WhaW Pa\ eQVXe,

WhRVe iQclXde behaYiRUal aQd cRgQiWiYe deıciWV (GUiPaldi eW al. 2018).

TheUe iVQ'W aQ eĳecWiYe WUeaWPeQW WR VlRZ RU SUeYeQW AD, a lRW Rf Whe WUeaWPeQWV aUe WeVWed

WR PRdif\ Whe SURgUeVViRQ Rf Whe diVeaVe WaUgeWV, Whe accXPXlaWiRQ Rf SlaTXeV; HRZeYeU, baVed RQ

Whe failXUe Rf WheVe WUeaWPeQWV iQ WUialV iWV aVVXPed WhaW WhiV URXWe Rf WUeaWPeQW alRQe iVQŖW eĳecWiYe

(HaQe eW al. 2017). AP\lRid β SURWeiQV aUe Whe SUecXUVRUV fRU Whe SlaTXeV WhaW fRUP, WheUefRUe
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WaUgeW WUeaWPeQWV WhaW iQhibiW β aQd α VecUeWaVe eVVeQWiall\ SUeYeQW WhiV SUecXUVRU SURWeiQŖV

SURdXcWiRQ, aQd iQ cRPbiQaWiRQ ZiWh RWheU fRUPV Rf WUeaWPeQW iW caQ iPSURYe cRgQiWiYe

aVVeVVPeQW aQd Whe SUeVeQce Rf biRPaUkeUV. IQ WXUQ, iPPXQRWheUaS\ iV aQRWheU fRUP Rf WUeaWPeQW.

IW XWili]eV aQWibRdieV WaUgeWed fRU diVeaVe caXViQg TaX aQd ceUWaiQ cRQfRUPaWiRQV Rf aP\lRid-β WR

SUeYeQW Whe fRUPaWiRQ Rf aggUegaWeV aQd SlaTXeV aQd iQcUeaVe cRgQiWiYe aVVeVVPeQWV (HaQe eW al.

2017). TheUe aUe alVR QRQ-ShaUPaceXWical WUeaWPeQWV WhaW iQYRlYe cRgQiWiYe WUaiQiQg fRU UeadiQg

aQd VSeed WhaW haYe VhRZQ WR iPSURYe cRgQiWiYe aQd fXQcWiRQal abiliWieV (HaQeV eW al. 2017). The

PaiQ gRal Rf WUeaWPeQW iV eVVeQWiall\ SUeYeQWaWiYe becaXVe RQce WheVe aP\lRid-β SlaTXeV aQd TaX

aggUegaWeV caXVe QeXURQal degeQeUaWiRQ, WhaW QeXURQal lRVV caQQRW be UegaiQed agaiQ (HaQeV eW al.

2017). ThXV WUeaWPeQW fRcXVeV RQ UedXciQg Whe SlaTXeV aQd aggUegaWeV befRUe Whe\ becRPe

QeXURWR[ic (HaQeV eW al. 2017).

E. GeQeUaO TaXRSaWKLeV

TaXRSaWhieV aUe a UaQge Rf iQcXUable aQd SURgUeVViYe age-aVVRciaWed QeXURdegeQeUaWiYe

diVeaVeV (CRXghliQ aQd IUZiQ, 2017). IQdiYidXalV ZiWh a WaXRSaWh\ QRUPall\ e[hibiW a UaQge Rf

V\PSWRPV WhaW caQ be cRgQiWiYe aQd/RU PRWRU Zhich cRPe iQ Whe fRUP Rf PePRU\ RU PRYePeQW

iPSaiUPeQW (CRXghliQ aQd IUZiQ, 2017). TaXRSaWhieV aUe cliQicall\ aQd SaWhRlRgicall\ diYeUVe,

Zhich PakeV iW haUd WR diagQRVe; TheUefRUe WR deıQiWel\ diagQRVe Whe VSeciıc WaXRSaWh\ a SeUVRQ

VXĳeUed fURP, aQ aXWRSV\ iV Qeeded WR cRQıUP cliQical aQaWRPical feaWXUeV (CRXghliQ aQd IUZiQ,

2017). TheVe UaQge Rf diVeaVeV aUe chaUacWeUi]ed b\ Whe aggUegaWiRQ Rf YaU\iQg TaX iVRfRUPV WhaW

aSSeaU aV ılaPeQWV iQiWiall\. TheVe ılaPeQWV aUe each WaX PRlecXleŖV adaSWaWiRQ Rf a

β-cRQfRUPaWiRQ; The PRUe Whe\ aggUegaWe Whe PRUe β-VheeWV Rf TaX VWackV WRgeWheU iQ QeXURQV

aQd glia (BaQd\RSadh\a\ B. eW al. 2007). A ke\VWRQe WaXRSaWh\ Ze kQRZ Rf iV AD, hRZeYeU iW

alVR VWUeWcheV WR aĳecW RWheU QeXURdegeQeUaWiYe diVeaVeV VXch aV PD aQd CTE WhaW ZaV SUeYiRXVl\

PeQWiRQed BaQd\RSadh\a\ B. eW al. 2007).

AV alUead\ Vaid WaXRSaWhieV aUe iQcXUable bXW cRQWiQXed UeVeaUch haV VhRZQ SURPiViQg

UeVXlWV fURP WUeaWPeQW WUialV. OQe WUeaWPeQW WechQiTXe, PicURWXbXle VWabili]iQg ageQWV, aiPed WR

UeVWRUe Whe lRVV Rf TaXŖV PicURWXbXle VWabili]aWiRQ iQ WaXRSaWhieV; IQiWial VWXdieV haYe beeQ

SURPiViQg bXW haYe cRQceUQiQg dRZQfallV like Whe ceQWUal QeUYRXV V\VWeP Vide eĳecWV WhaW UeVXlW

fURP e[WeQViYe e[SRVXUe WR VWabili]iQg ageQWV, like SacliWa[el (CRXghliQ aQd IUZiQ, 2017). TaX
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iPPXQRWheUaS\ haV becRPe aQRWheU aUea Rf iQWeUeVW iQ WeUPV Rf WheUaSeXWicV; IPPXQi]iQg PRXVe

PRdelV Rf diĳeUeQW W\SeV Rf WaX fUagPeQWV haV VhRZQ WR iPSURYe VafeW\ aQd eĴcac\ Rf UedXciQg

WaX SaWhRlRg\ (CRXghliQ aQd IUZiQ, 2017).

II. TDX SWUXFWXUH DQG FXQFWLRQ

TaX iV a SURWeiQ WhaW iV heaYil\ UelaWed WR PicURWXbXleV iQ QeXURQV. MicURWXbXleV haYe YeU\

d\QaPic UegiRQV WhaW Sla\ aUchiWecWXUal URleV iQ QeXURQV aQd allRZ WheP WR achieYe aQd PaiQWaiQ

e[aggeUaWed VhaSeV, Zhich iV iPSRUWaQW fRU a QeXURQ'V cRPPXQicaWiRQ WR diĳeUeQW SaUWV Rf Whe

bRd\ (DeQW aQd BaaV, 2014). NRW RQl\ dR Whe\ VeUYe aQ aUchiWecWXUal URle, bXW Whe\ alVR VeUYe a

WUaQVSRUWaWiRQ URle; MicURWXbXleV acW aV highZa\V ZheUe PRlecXlaU PRWRU SURWeiQV cRQYe\ caUgR

(DeQW aQd BaaV, 2014). TaX ıWV iQWR Whe fXQcWiRQal SicWXUe Rf PicURWXbXleV becaXVe iW iV a

PicURWXbXle aVVRciaWed SURWeiQ WhaW VWabili]eV aQd SURPRWeV PicURWXbXle SRl\PeUi]aWiRQ iQ

QeXURQV (DUXbiQ aQd KiUVchQeU, 1986). TaX VWabili]eV PicURWXbXleV b\ SUeYeQWiQg

deSRl\PeUi]aWiRQ b\ VlRZiQg Whe UaWe Rf WUaQViWiRQ WR Whe diVaVVePbliQg VWaWe dRZQ (DUXbiQ aQd

KiUVchQeU, 1986). PUiPaUil\, WR Pake a SURWeiQ, Whe WUaQVcUiSWiRQ Rf Whe TaX geQe iV eVVeQWial. TaX

iV WUaQVcUibed fURP Whe MAPT geQe WhaWŖV lRcaWed RQ chURPRVRPe 17 iQ hXPaQV (AdaPV eW al.

2010). JXVW like aQ\ RWheU PRNA WUaQVcUiSW, TaX PRNA PXVW XQdeUgR SURceVViQg befRUe iW iV a

WUaQVlaWable WUaQVcUiSW. MRUe VSeciıcall\, alWeUQaWiYe VSliciQg iV a SURceVViQg WechQiTXe WhaW

PakeV diĳeUeQW YaUiaQWV Rf TaX. The QXcleaU RNA Rf TaX cRQWaiQV Vi[ diĳeUeQW iVRfRUPV, dXe WR

alWeUQaWiYe VSliciQg; TheVe iVRfRUPV aUe chaUacWeUi]ed baVed RQ ZheWheU Whe\ lack RU cRQWaiQ

e[RQV 2,3, aQd 10 (AdaPV eW al. 2010). ReVSecWiYel\, beVideV Whe RWheU 3 PicURWXbXle-biQdiQg

UegiRQV WhaW aUe QaVceQW WR TaX, e[RQ 10 cRdeV fRU a PicURWXbXle-biQdiQg UegiRQ WhaW iV ViPilaU WR

Whe RWheU 3 (AdaPV eW al. 2010). TheUefRUe, TaX iVRfRUPV WhaW cRQWaiQ e[RQ 10 haYe 4

PicURWXbXle-biQdiQg UegiRQV (4R), aQd WhRVe WhaW dRQŖW cRQWaiQ 3 PicURWXbXle-biQdiQg UegiRQV

(3R) (AdaPV eW al. 2010). DXe WR Whe alWeUQaWiYe VSliciQg SURceVV Rf TaX PRNA, SURWeiQV

SURdXced fURP diĳeUeQW iVRfRUPV diĳeU iQ SUiPaU\ VWUXcWXUe becaXVe Whe\ cRQWaiQ diĳeUeQW e[RQV.

A. PULPaU\ SWUXcWXUe

10



The SUiPaU\ VWUXcWXUe Rf Whe TaX SURWeiQ iV diYided iQWR aQ N-WeUPiQal aQd C-WeUPiQal

UegiRQ (AdaPV eW al., 2010). TheUe aUe 11 cRQVeUYed UeVidXeV iQ TaX WhaW haYe VeeQ WR be

iPSRUWaQW WR iWV URle; M11, A152, K174, S214, T231, R279, K280, C322, N368, S409, aQd D421

(AYila eW al. 2016). WheQ a WUXQcaWed TaX SURWeiQ VWaUWV ZiWh PeWhiRQiQe-11, iW UeVXlWV iQ a chaQge

iQ Whe WeUWiaU\ VWUXcWXUe Rf TaX (CaUPel eW al. 1996). WheQ l\ViQe-174 iV aceW\laWed iW UeVXlWV iQ Whe

SURdXcWiRQ Rf a WR[ic SURWeiQ (MiQ eW al. 2015). SeUiQe-214ŖV ShRVShRU\laWiRQ haV a SRViWiYe eĳecW

RQ Whe PicURWXbXle biQdiQg aĴQiW\ Rf TaX (ScRWW eW al. 1993). ThUeRQiQe-231ŖV deShRVShRU\laWiRQ

caQ SRWeQWiall\ Pake Whe SURWeiQ WR[ic becaXVe Rf iWV VSaWial eĳecW RQ 2 SURliQe UeVidXeV Qe[W WR iW

(IlleQbeUgeU eW al., 1998). AUgiQiQe-279ŖV deaPiQaWiRQ cRXld faciliWaWe Whe Velf-aggUegaWiRQ Rf TaX

(DaQ eW al. 2013). LRVV Rf L\ViQe-280 aQd R[idaWiRQ Rf c\VWeiQe-322 bRWh eQcRXUage Whe

fRUPaWiRQ Rf TaX ılaPeQWV (GRUVk\ eW al. 2016) . CleaYage Rf AVSaUagiQe-368 UeVXlWV iQ WR[ic

fUagPeQWaWiRQ (ZhaQg eW al. 2014). SeUiQe-409 haV aQ aĴQiW\ fRU Whe RhR kiQaVe, Zhich iQcUeaVeV

likelihRRd Rf TaXŖV ShRVShRU\laWiRQ; PhRVShRU\laWiRQ decUeaVeV Whe likelihRRd Rf degUadaWiRQ aQd

UeVXlWV iQ TaXŖV accXPXlaWiRQ (APaQR eW al. 2003). LaVWl\, Whe WUXQcaWiRQ Rf aVSaUWic-421 aidV iQ

TaX aggUegaWiRQ aQd WR[iciW\ (BaVXUWR-IVlaV eW al. 2016).

TaX iV SUiPaUil\ e[SUeVVed iQ QeXURQV (MelR eW al. 2016). The e[SUeVViRQ Rf TaX iV VWUicWl\

UegXlaWed becaXVe iWV diĳeUeQW iVRfRUPV iQWeUacW ZiWh PicURWXbXleV iQ diĳeUeQW Za\V (PaQda eW al.

2003). SiQce TaX lack h\dURShRbic UeVidXeV, iWV chaUacWeUi]ed aV a iQWUiQVicall\ diVRUdeUed

SURWeiQ; CRPbiQiQg WhiV ZiWh Whe facW WhaW iW cRQWaiQV PicURWXbXle-biQdiQg UegiRQ UeSeaWV, iW haV

Whe abiliW\ WR biQd WR diĳeUeQW heWeURdiPeUV Rf WXbXliQ aW Whe PicURWXbXle laWWice (MelR eW al.

2016).

III. PRVW TUDQVODWLRQDO MRGLILFDWLRQ

OQce a SURWeiQ iV WUaQVlaWed aQd eYeQ befRUe iW fRldV iQWR iWV SURSeU cRQfRUPaWiRQ, iW

QRUPall\ XQdeUgReV SRVW-WUaQVlaWiRQal PRdiıcaWiRQV. TheVe chePical PRdiıcaWiRQV caQ be

UeYeUVible RU iUUeYeUVible addiWiRQV Rf chePical gURXSV, liSidV, caUbRh\dUaWeV, eYeQ UeVidXeV RU

SRl\SeSWide chaiQV (UYeUVk\, 2013). JXVW like VSliciQg, PTMV UeSUeVeQW a Za\ Rf diYeUVif\iQg Whe

diĳeUeQW W\SeV Rf SRl\SeSWideV WhaW caQ aUiVe fURP RQe PRNA WUaQVcUiSW Rf a SaUWicXlaU geQe

(UYeUVk\, 2013). ReYeUVible PTMV QRUPall\ acW aV VZiWcheV fRU SURWeiQV, WXUQiQg iW RQ VR iW
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caUUieV RXW iWV fXQcWiRQ aQd WXUQiQg iW Rĳ VR iW chaQgeV cRQfRUPaWiRQ aQd iV XQable WR fXQcWiRQ;

The addiWiRQ RU UePRYal Rf a SaUWicXlaU chePical gURXS caQ Sla\ eiWheU URle (UYeUVk\, 2013).

ThRXgh PTMV caQ RccXU aW aQ\ VWage iQ a SURWeiQ'V life, Whe WiPe ZheQ a PTM iV caUUied RXW

deWeUPiQeV ZhaW URle iW Sla\V fRU Whe SURWeiQ (UYeUVk\, 2013). WheQ iW iV caUUied RXW SUiRU WR Whe

ıQal cRQfRUPaWiRQ Rf a SURWeiQ, iWV URle iV WR alWeU Whe fRldiQg eĴcieQc\ aQd VWabiliW\ Rf Whe

SURWeiQ aQd WheUefRUe deWeUPiQiQg ZheUe iW Zill UeVide iQ Whe cell (UYeUVk\, 2013). If Whe PTM iV

caUUied RXW afWeU Whe SURWeiQ haV fRlded aQd haV a deWeUPiQed lRcaWiRQ iQ Whe cell, iWV URle iV WR

acWiYaWe RU iQacWiYaWe Whe fXQcWiRQ iWŖV VXSSRVed WR caUU\ RXW (UYeUVk\, 2013).

A. PKRVSKRU\OaWLRQ

The fXQcWiRQ Rf TaX, Zhich iV Whe VWabili]aWiRQ Rf PicURWXbXleV Rf QeXURQV WhURXgh

biQdiQg, iV dUiYeQ b\ Whe SRVW WUaQVlaWiRQal PRdiıcaWiRQ (PTM) Rf iWV higheU RUdeU VWUXcWXUe.

NRWabl\, TaX kiQaVeV haYe 4 ShRVShRU\laWiRQ ViWeV, SeU262, SeU293, SeU324, RU SeU356 , all

lRcaWed iQ all fRXU PicURWXbXle biQdiQg UeSeaWV; AQd ZheQ WheVe ViWeV gaiQ a ShRVShaWe gURXS iW

decUeaVeV TaXŖV biQdiQg aĴQiW\ WR PicURWXbXleV (DUeZeV eW al. 1995). TheUe aUe WhUee geQeUal

gURXSV Rf kiQaVeV: SURliQe-diUecWed VeUiQe/WhUeRQiQe-SURWeiQ kiQaVeV, QRQ-SURliQe-diUecWed

VeUiQe/WhUeRQiQe-SURWeiQ kiQaVeV, aQd SURWeiQ kiQaVeV VSeciıc fRU W\URViQe UeVidXeV (PaXdel eW al.

1993; DillRQ eW al. 2020; Lee eW al. 1998). The SXUSRVe Rf kiQaVe ShRVShRU\laWiRQ cRUUelaWeV WR

TaXŖV URle iQ VWabili]iQg a[RQal WUaQVSRUW. TaX biQdiQg WR WXbXliQ iQWeUfeUeV ZiWh Whe a[RQal

WUaQVSRUW Rf PRWRU SURWeiQV; aQd ZheQ ceUWaiQ PRWRU SURWeiQV eQcRXQWeU TaX RQ a PicURWXbXle

Whe\ fall Rĳ (Di[iW eW al. 2008). TheUefRUe, ShRVShRU\laWiRQ eQVXUeV WhaW WaX RXW Rf Whe Za\ Rf

PRWRU SURWeiQ WUaYeliQg RQ PicURWXbXleV, SUeYeQWiQg WheP fURP falliQg Rĳ (AlRQVR eW al. 2004)

The UegXlaWRU\ fXQcWiRQ Rf Whe ShRVShRU\laWiRQ PTM QRW RQl\ UeTXiUeV kiQaVe SURWeiQV,

bXW alVR SURWeiQ ShRVShaWaVe. PURWeiQ ShRVShaWaVe 2A accRXQWV fRU Whe PajRUiW\ Rf Whe

ShRVShaWaVe acWiYiW\ fRU TaX (GRQg eW al. 2000). ThURXgh UeVeaUch iWŖV beeQ VeeQ WhaW QRW RQl\ caQ

ShRVShaWaVe 2A (PP2A) deShRVShRU\laWe ShRVShRU\laWiRQ ViWeV, bXW iW caQ alVR UeVWRUe Whe abiliW\

Rf PiVfRlded TaX SURWeiQ WR biQd WR PicURWXbXleV (WaQg eW al. 2007).

NRQeWheleVV, ShRVShRU\laWiRQ caQ becRPe a d\VUegXlaWed SURceVV UeVXlWiQg iQ

h\SeUShRVShRU\laWiRQ becaXVe Rf Whe dRZQUegXlaWiRQ Rf PP2A (TVXjiR eW al. 2005). IW ZaV

diVcRYeUed WhaW h\SeUShRVShRU\laWed TaX iV a UXQQiQg caXVe fRU Al]heiPeUŖV diVeaVed (AD)
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bUaiQV; The QRUPal bUaiQ cRQWaiQV TaX WhaW haV 2-3 PRleV Rf ShRVShaWe SeU PRle Rf TaX, Zhile aQ

AD bUaiQ haV 4-fRld WhaW aPRXQW (KRSke eW al. 1993). H\SeUShRVShRU\laWed TaX lRVeV iWV fXQcWiRQ

becaXVe iW lRVeV iWV aĴQiW\ WR PicURWXbXleV Zhile ViPXlWaQeRXVl\ SURPRWiQg Velf-SRl\PeUi]aWiRQ

(AlRQVR eW al. 2018). IWŖV Vaid WhaW h\SeUShRVShRU\laWiRQ PXVW RccXU befRUe aggUegaWiRQ VWaUWV

becaXVe SRViWiYel\ chaUged PicURWXbXle-biQdiQg dRPaiQV, Zhich iQhibiW Velf-aVVePbl\, acTXiUe a

QegaWiYe chaUge ZheQ Whe\ aUe ShRVShRU\laWed; ThiV giYeV h\SeUShRVShRU\laWed QegaWiYel\

chaUged TaX aQ aWWUacWiRQ WR SRViWiYel\ chaUge UegiRQV Rf RWheU TaX PRlecXleV (AlRQVR eW al.

2018).

B. GO\cRV\OaWLRQ

AQRWheU W\Se Rf SRVW WUaQVlaWiRQal PRdiıcaWiRQ WhaW aĳecWV TaX iV gl\cRV\laWiRQ Zhich

ZRUkV iQ cRQceUW ZiWh ShRVShRU\laWiRQ, VSeciıcall\ h\SeUShRVShRU\laWiRQ. Gl\cRV\laWiRQ

iQYRlYeV Whe addiWiRQ Rf a VXgaU QRUPall\ WR Whe aVSaUagiQe UeVidXeV Rf TaX (N-gl\cRV\laWiRQ)

(LiX eW al. 2002). CaUbRh\dUaWeV beiQg SRlaU eQWiWieV aQd eVVeQWiall\ QegaWiYel\ chaUged, haV Whe

SRWeQWial WR gUeaWl\ aĳecW Whe cRQfRUPaWiRQal d\QaPic Rf TaX aQd iW VhRZV. IW haV beeQ fRXQd WhaW

Whe gl\cRV\laWiRQ Rf TaX RccXUV SUiRU WR h\SeUShRVShRU\laWiRQ iQ TaX, WheUefRUe Sla\iQg a URle iQ

iWV faciliWaWiRQ (LiX eW al. 2002).ThiV iV becaXVe SURWeiQ kiQaVeV haYe VhRZQ WR haYe a gUeaWeU

aĴQiW\ fRU gl\cRV\laWed TaX WhaQ QRUPal TaX (LiX eW al., 2002). HRZeYeU, WheUe aUe WZR diVWiQcW

W\SeV Rf gl\cRV\laWiRQ WhaW RccXUV iQ TaX; N-liQked gl\cRV\laWiRQ Zhich addV PRQRVacchaUideV WR

ShRVShRU\laWed TaX VSeciıcall\, aQd O-liQked N-aceW\l- D- glXcRVaPiQe WhaW VSeciıcall\ addV

VXgaUV WR QRUPal TaX (LiX eW al. 2002).

The QRUPal SURceVV Rf N-liQked gl\cRV\laWiRQ begiQV iQ Whe eQdRSlaVPic UeWicXlXP ZheUe

a VXgaU iV WUaQVfeUUed WR a SRl\SeSWide ZiWh Whe helS Rf aQ RligRVacchaU\lWUaQVfeUaVe (ZieliQVka eW

al. 2012) . O-liQked N-aceW\l-D-glXcRVaPiQe RccXUV ZiWh Whe helS Rf a β-O-liQked

N-aceW\lglXcRVaPiQidaVe WhaW iV QRUPall\ lRcali]ed iQ Whe c\WRSlaVP aQd haV a ViPilaU d\QaPic

WR ShRVShRU\laWiRQ (WellV eW al. 2001).

C.UbLTXLWLQaWLRQ

UbiTXiWiQaWiRQ iV a SURWeiQ PRdiıcaWiRQ WhaW ZRUkV WR PaUk aQ XQfRlded RU PiVfRlded

SURWeiQ Zhich WheQ geWV eliPiQaWed b\ a ATP-dUiYeQ XbiTXiWiQ SURWeaVRPal V\VWeP (UPS)
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(PeWUXcelli eW al. 2004). CHIP (caUbR[\l WeUPiQXV Rf HVc-70 iQWeUacWiQg SURWeiQ) diUecWl\

XbiTXiWiQaWeV TaX iQ Whe SUeVeQce Rf a E2 cRQjXgaVe (PeWUXcelli eW al. 2004). HRZeYeU, baVed RQ

iPPXQRUeacWiYiW\ e[SeUiPeQWV Rf AD aQd PickŖV QeXURQV, TaX leViRQV ZeUe fRXQd WR be SRViWiYe

fRU XbiTXiWiQ, WheUefRUe cRUUelaWiQg XbiTXiWiQaWiRQ WR Whe Velf aggUegaWiRQ Rf TaX, iQVWead Rf iWV

degUadaWiRQ (PeWUXcelli eW al. 2004)

D. N-WeUPLQaO AceW\OaWLRQ

The leaVW VWXdied bXW PRVW cRPPRQ SRVW WUaQVlaWiRQal PRdiıcaWiRQ Rf SURWeiQV iV

N-WeUPiQal aceW\laWiRQ Zhich RccXUV cR-WUaQVlaWiRQall\ ZiWh Whe SURWeiQ (AUQeVeQ eW al. 2009).

N-WeUPiQal aceW\laWiRQ iQYRlYeV Whe WUaQVfeU Rf aQ aceW\l gURXS fURP aceW\l-cRA WR aQ alaQiQe

UeVidXe Rf Whe N-WeUPiQal UegiRQ Rf Whe SURWeiQ ZheUe iW becRPeV cRYaleQWl\ bRXQd (AUQeVeQ eW al.

2009). The SURWeiQ eQ]\Pe UeVSRQVible fRU WhiV PRdiıcaWiRQ iV called NaW A, iW acWV RQ aQ aUUa\ Rf

SURWeiQV ZiWh N-WeUPiQi cRQWaiQiQg VeUiQe, alaQiQe, WhUeRQiQe, gl\ciQe, c\VWeiQe, RU YaliQe iQ

hXPaQV (AUQeVeQ eW al. 2009). HRZeYeU, iW haV beeQ VhRZQ WhaW Whe VSeciıc aceW\laWiRQ Rf l\ViQe

UeVidXe K280 bRWh ZeakeQV TaXŖV abiliW\ WR biQd aQd VWabili]e PicURWXbXleV aV Zell aV eQhaQceV

TaX aggUegaWiRQ (CRheQ eW al. 2011). WheQ SRViWiYel\ chaUged l\ViQe UeVidXeV Rf Whe N-WeUPiQal

UegiRQ Rf TaX iV aceW\laWed, iW QeXWUali]eV WhaW chaUge aQd Whe UeVXlWiQg aceW\laWed TaX Zill acW

ViPilaU WR heSaUiQ aQd SURPRWe aggUegaWiRQ (KaPah eW al. 2014). A TaX SURWeiQ haV a SRViWiYel\

chaUged N-WeUPiQal UegiRQ aQd QegaWiYel\ chaUged C-WeUPiQal UegiRQ; SR Whe aceW\laWed VSecieV

WhaW RQl\ caUUieV a QegaWiYel\ chaUged dRPaiQ Zill haYe aQ elecWURVWaWic aWWUacWiRQ WR RWheU

SRViWiYel\ chaUged N-WeUPiQal dRPaiQV Rf XQaceW\laWed TaX SURWeiQV, WheUefRUe caXViQg Whe

geQeUaWiRQ Rf QeXURıbUillaU\ WaQgleV aQd aggUegaWeV (RRVeQbeUg eW al. 2008; KaPah eW al. 2014).

NRW RQl\ dReV aceW\laWiRQ SURPRWe aggUegaWiRQ, bXW iW alVR SUeYeQWV Whe degUadaWiRQ Rf PiVfRlded

aQd aggUegaWed TaX VSecieV b\ SUeYeQWiQg Whe XbiTXiWiQaWiRQ aQd VXbVeTXeQW VWabili]aWiRQ Rf TaX

b\ Whe UPS (MiQ eW al. 2010).

OQ Whe RWheU haQd, N-WeUPiQal aceW\laWiRQ Rf TaX ZRUkV iQ cRQceUW ZiWh RWheU

PRdiıcaWiRQV VXch aV WUXQcaWiRQ. TUXQcaWiRQ Rf eiWheU Whe C-WeUPiQal RU bRWh UegiRQV Rf TaX UeVXlW

iQ Whe gaiQ Rf a WR[ic fXQcWiRQ, Velf-aggUegaWiRQ. EYeQ VR, WhURXgh e[SeUiPeQWaWiRQ, aceW\laWiRQ Rf

WUXQcaWed VSecieV Rf TaX aW Whe GlQ-124 UeVidXe haYe VhRZQ WR biQd aQd VWabili]e PicURWXbXleV

PRUe WhaQ XQaceW\laWed VSecieV (DeUiVbRXUg eW al. 2015).
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I9. AJJUHJDWLRQ

A. HLJKeU-OUdeUed SWUXcWXUeV

ThRXgh TaX iV iQWUiQVicall\ diVRUdeUed, lackiQg WeUWiaU\ VWUXcWXUe, iW haV Whe caSabiliW\ Rf

fRUPiQg TXaWeUQaU\ VWUXcWXUeV like diPeUV, RligRPeUV, aQd laUge SRl\PeUV WhaW aUe chaUacWeUi]ed

aV SaWhRgeQic TaX cRQfRUPaWiRQV WhURXgh iQWeUacWiRQV ZiWh iWV PicURWXbXle biQdiQg dRPaiQV.

TheVe iQWeUacWiRQV aUe Pade SRVVible dXe WR Whe c\VWeiQe UeVidXeV WhaW aUe SUeVeQW iQ Whe

PicURWXbXle biQdiQg dRPaiQ Rf Whe SURWeiQ (SReda eW al. 2015). The biRSh\VicV aQd biRchePiVWU\

UeVeaUch Rf MRQWejR de GaUciQi VhRZed WhaW WaX ılaPeQWV aQd fUagPeQWV aVVePble iQ aQ

aQWi-SaUallel aUUaQgePeQW XViQg Whe PicURWXbXle-biQdiQg dRPaiQV (1986). HRZeYeU, ZheQ Whe

dRPaiQV aUe QRW acceVVible dXe WR iW beiQg bRXQd WR a PicURWXbXle, WaX SURWeiQV VWill ıQd a Za\ WR

iQWeUacW aQd fRUP diPeUV XViQg WheiU N-WeUPiQal UegiRQV (MRQWejR de GaUciQi. 1986).

BefRUe TaX fRUPV TXaWeUQaU\ VWUXcWXUeV iW iV h\SRWheVi]ed WhaW WheUe iV a WUaQViWiRQaU\

PechaQiVP WhaW RccXUV SUiRU, liTXid:liTXid ShaVe VeSaUaWiRQ. LiTXid:liTXid ShaVe VeSaUaWiRQ

(LLPS) iV Whe fRUPaWiRQ Rf PePbUaQe-leVV RUgaQelleV WhaW VeSaUaWeV aQd cRPSaUWPeQWali]eV

biRlRgical cRQVWiWXeQWV, like SURWeiQV aQd UeacWiRQV, Zhich iV eVVeQWial fRU cellV (KaQaaQ eW

al.,2020). LLPS Rf TaX haV VhRZQ WR be iQĲXeQced b\ Whe elecWURVWaWic iQWeUacWiRQV Rf iWV

dRPaiQV, iWV SRVW WUaQVlaWiRQal PRdiıcaWiRQV, aQd iQWeUacWiRQV ZiWh WXbXliQ (KaQaaQ eW al. 2020).

ThiV VXggeVWV WhaW TaX Pa\ haYe addiWiRQal fXQcWiRQV WR VWabili]iQg aQd SURPRWiQg WXbXliQ

SRl\PeUi]aWiRQ becaXVe iW fRUPV WheVe PePbUaQe-leVV RUgaQelleV, VXggeVWiQg WhaW Pa\be WheiU

aggUegaWeV dR aV Zell (KaQaaQ eW al. 2020).

IQ YiWUR VWXdieV WhaW fRUP LLPS TaX XViQg Zild-W\Se TaX aQd PXWaQWV TaX WhaW UeSUeVeQWV

SaWhRgeQic PRdiıcaWiRQV Rf TaX aW Sh\ViRlRgical cRQceQWUaWiRQV VhRZ WhaW diVeaVe-like

PRdiıcaWiRQV acWXall\ iQcUeaVe aQd eQhaQce LLPS iQ YiWUR (KaQaaQ eW al. 2020). WheQ LLPS

PXWaQW TaX iV iQcXbaWed fRU SURlRQged SeUiRdV Rf WiPe iW UedXceV Whe PRYePeQW Rf VRlXble TaX iQ

Whe dURSleWV aQd iQcUeaVeV Whe VeediQg aQd fRUPaWiRQ Rf VSeciıc SaWhRgeQic cRQfRUPaWiRQV TaX

WhaW aUe WR[ic SUiRU WR Whe geQeUaWiRQ Rf TaX ılaPeQWV (KaQaaQ eW al. 2020).
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B. FRUPaWLRQ

SWUXcWXUall\, ZhaW dUiYeV Whe fRUPaWiRQ Rf aggUegaWeV aUe 2 Vi[ UeVidXe VegPeQWV: VQIINK

aW Whe VWaUW Rf UeSeaW 2 aQd VQIVYK aW Whe VWaUW Rf UeSeaW 3 Rf Whe PicURWXbXle biQdiQg dRPaiQ

(SeidleU eW al. 2017). ThURXgh elecWURQ diĳUacWiRQ, aWRPic UeVRlXWiRQV Rf ıbUillaU\ VWUXcWXUeV

UeYealed WhaW VQIINK VegPeQWV fRUP WighWeU VWeUic ]iSSeU iQWeUfaceV WhaQ Whe VQIVYK aQd

adheUe PRUe WR RWheU TaX SeSWideV WhaQ Whe VQIVYK aV Zell (SeidleU eW al. 2017). FXUWheU

eYideQce VXSSRUWV WhiV adheViRQ becaXVe eQgiQeeUed TaX cRQVWUXcWV RQl\ cRQWaiQiQg eiWheU

VegPeQWV VhRZed WhaW VQIINK cRQVWUXcWV aggUegaWe PRUe UaSidl\ WhaQ Whe Zild W\Se RU

VQIVYK cRQVWUXcWV WhaW SURdXced a Pi[WXUe Rf TaX VSecieV; MRQRPeUV, RligRPeUV, aQd ıbeUV

(SeidleU eW al. 2017). Ph\ViRlRgicall\, ZheQ Whe ]iSSeU iQWeUfaceV adheUe WR RWheU TaX SURWeiQV iW

cUeaWeV a TaX ıbUil cRQWaiQiQg a cRUe cRPSRVed Rf UeSeaWV 3 aQd 4 Rf Whe MTBD (SeidleU eW al.

2017). MajRUiW\ Rf Whe cRUe cRQWaiQed VQIVYK VegPeQWV Zhile Whe VQIINK VegPeQWV cRaWed

ıbUil (SeidleU eW al. 2017). BaVed RQ Whe VeediQg e[SeUiPeQWV, VQIINK iQhibiWRUV ZeUe PRUe

eĳecWiYe aW SUeYeQWiQg VeediQg WhaQ VQIVYK iQhibiWRUV (SeidleU eW al. 2017). ThiV led WR Whe

cRQclXViRQ WhaW bRWh VegPeQWV haYe VeSaUaWe VSeciıc URleV WhaW helSV dUiYe aggUegaWiRQ (SeidleU eW

al. 2017). VQIINK ]iSSeU-iQWeUfaceV, Zhich cRaWV ıbUilV, VeUYeV WR be PRUe acceVVible WR TaX

PRQRPeUV SURPRWiQg VeediQg, Zhile VQIVYK ]iSSeU iQWeUfaceV, Zhich fRUPV Whe cRUe, VeUYeV

aV a VRlYeQW-e[clXded VcaĳRldiQg clXVWeUiQg Whe ıbUilV WRgeWheU iQWR a PRUe cRPSacW VhaSe,

baVicall\ dUiYiQg aQd VWabili]iQg PRQRPeUic aQd TXaWeUQaU\ VWUXcWXUe fRUPaWiRQ (SeidleU eW al.

2017).

C.DeVcULSWLRQ Rf AJJUeJaWed TaX SWUXcWXUe

The lRZeVW-eQeUg\ VWUXcWXUeV WhaW fRUP Whe YaUied SRVVibiliWieV Rf glRbXlaU TaX VWUXcWXUeV

haYe VecRQdaU\ VWUXcWXUal elePeQWV; 11% helical aQd 21% aQWiSaUallel β VWUXcWXUeV (PRSRY eW al.

2019). The RYeUall glRbXlaU VWUXcWXUeV aUe cRQVideUed cRPSacW cRQWaiQiQg 4 diĳeUeQce

VXbdRPaiQV WhaW haYe a WeWUahedUal aUUaQgePeQW (PRSRY eW al. 2019). The cRUe Rf Whe VWUXcWXUe

cRQWaiQV PXlWiSle β VWUXcWXUe elePeQWV (PRSRY eW al. 2019). ThiV cRUe ZaV able WR fRUP dXe WR

Ue-RUieQWaWiRQ Rf h\dURgeQ bRQdV fURP iQWUa-SURWeiQ WR iQWeU-SURWeiQ cURVV-β bRQdiQg, Zhich

UeVXlWV iQ Whe UeaUUaQgePeQWV Rf Whe N- aQd C-WeUPiQal aQd iQWeUPediaWe dRPaiQV iQ a aggUegaWed

glRbXlaU TaX VWUXcWXUe (PRSRY eW al. 2019).
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D. RROe Rf OOLJRPeUV

TaX RligRPeUic VSecieV aUe QRW RQl\ Whe VRXUce Rf c\WRWR[iciW\, aV RSSRVed WR

QeXURılaPeQWV, bXW Whe\ UeSUeVeQW Whe WUaQVieQW VWUXcWXUe beWZeeQ PRQRPeUV aQd laUgeU higheU

RUdeU aggUegaWeV Rf TaX (LaVgQa-ReeYeV eW al. 2012). ThiV iV e[ePSliıed ZheQ Whe UeleYaQce Rf

SURWeiQ PRdiıcaWiRQ aQd aggUegaWiRQ iV iQYeVWigaWed (LaVgQa-ReeYeV eW al. 2012).

PhRVShRU\laWiRQ Rf VSeciıc WhUeRQiQe UeVidXeV Rf TaX ılaPeQWV aQd ıbUilV haYe led WR WheiU

RligRPeUi]aWiRQ (LaVgQa-ReeYeV eW al. 2012). OYeUall, Whe accXPXlaWiRQ Rf RligRPeUic TaX UeVXlWV

iQ behaYiRUal deıciWV aQd QeXURQal lRVV SUecediQg aQ\ fRUPaWiRQ Rf QeXURıbUillaU\ WaQgleV

(LaVgQa-ReeYeV eW al. 2012).

E. NeXURWR[LcLW\ Rf AJJUeJaWeV

IQWUacellXlaU aggUegaWiRQ Rf TaX iV WR[ic dXe WR iWV SUeVeQce iQ QeXURQV RU glia ZheQ

cRgQiWiYe decliQe aQd QeXURdegeQeUaWiRQ RccXUV (BaQd\RSadh\a\ eW al. 2007). BaVed RQ

cR-iPPXQRSUeciSiWaWiRQ Rf VRlXble TaX/WXbXliQ aQd ıbUillaU\ TaX/WXbXliQ, RQl\ VRlXble TaX

cRSUeciSiWaWeV ZiWh WXbXliQ; ThiV VhRZV WhaW TaX aggUegaWiRQ diUecWl\ aĳecWV TaX fXQcWiRQ b\

SUeYeQWiQg TaX fURP biQdiQg WR WXbXliQ (BaQd\RSadh\a\ eW al. 2007). WiWh lRVV Rf WXbXliQ

VWabiliW\, PicURWXbXle c\WRVkeleWRQ VWUXcWXUeV Rf QeXURQV caQŖW SURSeUl\ caUU\ RXW fXQcWiRQV like

WUaQVSRUWaWiRQ Rf ceUWaiQ PRlecXleV alRQg a[RQV, PechaQical VXSSRUW, aQd RUgaQi]e Whe c\WRSlaVP.

IQWUacellXlaU TaX aggUegaWeV decUeaVe cellXlaU YiabiliW\; IQ Whe SUeVeQce Rf a QXcleaU VWaiQ TRPUR3,

a dead cell iQdicaWRU, TaX aggUegaWed cellV SURYe WR be Whe RQl\ cellV WhaW VWaiQ cRPSaUed WR cellV

ZiWh VRlXble TaX (BaQd\RSadh\a\ eW al. 2007).

BeVideV Whe RbYiRXV eĳecW RQ QeXURQal a[RQV aQd WUaQVSRUW, aggUegaWeV e[hibiW WheiU

WR[iciW\ b\ Whe haUPfXl eĳecWV iW caQ haYe RQ Whe geQRPe Rf a QeXURQ ZheQ SUeVeQW iQ Whe QXcleXV

(NieZiadRPVka eW al. 2021). TaX cRQWaiQV a DNA biQdiQg dRPaiQ aQd caQ fRUP SURWeiQ-DNA

cRPSle[eV. WheQ d\VfXQcWiRQal RU SaWhRgeQic TaX eQWeUV Whe QXcleXV, iW Pa\ diVUXSW chURPaWiQ

RUgaQi]aWiRQ leadiQg WR cell c\cle Ue-eQWU\ aQd d\VUegXlaWiRQ Rf geQe e[SUeVViRQ Zhich Zill bUiQg

abRXW PRUe faXlW\ SURWeiQ (NieZiadRPVka eW al. 2021). WiWh geQeWic defecWV eQVXiQg, iW Zill

eYeQWXall\ lead WR Whe degUadaWiRQ Rf Whe UbiTXiWiQ SURWeaVRPal V\VWeP aQd fXUWheU accXPXlaWiRQ

Rf aggUegaWed PiVfRlded TaX SURWeiQV (NieZiadRPVka eW al. 2021). AddiWiRQall\, TaX RligRPeUV
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caQ iQWeUacW ZiWh Whe PiWRchRQdUia diUecWl\ aQd iV iQWeUQali]ed iQ iWV PePbUaQe, iQdXciQg chaQgeV

iQ iWV adheViRQ (NieZiadRPVka eW al. 2021). ThiV caXVeV eQeUg\ iPSaiUPeQWV iQ QeXURQV Zhich iV

eVVeQWial iQ a[RQal WeUPiQalV aQd V\QaSVeV (NieZiadRPVka eW al. 2021).

AggUegaWeV Rf TaX aUe QRW VSaWiall\ liPiWed VSecieV, cRQVideUiQg WheiU YaUied Vi]e aQd

VhaSe. ASaUW Rf Whe WR[iciW\ Rf WheVe aggUegaWeV iV iWV abiliW\ WR SURSagaWe WR RWheU cellV (KfRXU\ eW

al.,2012). Cell-Cell SURSagaWiRQ Rf aggUegaWeV iV faciliWaWed b\ Whe XSWake Rf TaX ıbUilV fURP Whe

e[WUacellXlaU VSace; TaX ıbUilV aUe SeUfecW Vi]e WR VZifWl\ SaVV WhURXgh aQ iPSeUPeable cell

PePbUaQe aQd eQWeU a cell (KfRXU\ eW al. 2012). SiQce TaX ıbUilV aUe Whe SUecXUVRUV WR Whe

fRUPaWiRQ Rf RligRPeUic aQd laUgeU TaX aggUegaWeV, eYeU\WiPe a ıbUil eQWeUV a cell a aggUegaWiRQ

iQdXceU iV SUeVeQW iQ a cell WhaW e[SUeVVeV TaX. BecaXVe WheVe SaWhRgeQic TaX VSecieV caQ VSUead

fURP QeXURQ WR QeXURQ iW caQ caXVe ZideVSUead QeXURQal deaWh aQd degeQeUaWiRQ Zhich dUiYeV Whe

SURgUeVViRQ Rf QeXURdegeQeUaWiYe diVeaVeV.

9.  RHOHYDQFH RI SWXG\LQJ WKH EIIHFWV RI TDX¶V N-WHUPLQDO AFHW\ODWLRQ

ThiV SURjecW addUeVVeV ZhaW eĳecWV N-WeUPiQal aceW\laWiRQ haV RQ TaX VWUXcWXUall\ aQd

fXQcWiRQall\, baVed RQ SRVVible chaQgeV iQ aggUegaWiRQ aQd PicURWXbXle biQdiQg aĴQiW\. PUeYiRXV

UeVeaUch haV VhRZQ WhaW N-WeUPiQal aceW\laWiRQ dReV aĳecW TaXŖV SURSeQViW\ WR fRUP aggUegaWeV

aQd WheUefRUe aĳecW iWV fXQcWiRQ (DeUiVbRXUg eW al. 2015; FaQQi eW al. 2019). HRZeYeU WheUe haV

QRW beeQ PXch UeVeaUch addUeVViQg Whe VSeciıc VWUXcWXUal eĳecWV N-WeUPiQal aceW\laWiRQ haV WhaW

leadV iW WR Whe fRUPaWiRQ Rf a QeZ cRQfRUPaWiRQ WhaW leadV WR SRVVible aggUegaWiRQ aQd eĳecWV RQ

TaX fXQcWiRQ.

TKe K\SRWKeVLV Rf WKLV SURMecW LV WKaW N-WeUPLQaO aceW\OaWLRQ cKaQJeV WKe cRQfRUPaWLRQ Rf

TaX LQ a Za\ WKaW LW SURPRWeV aJJUeJaWLRQ aQd decUeaVeV fXQcWLRQ.

TR WeVW WhiV h\SRWheViV diĳeUeQW e[SeUiPeQWal WechQiTXeV Zill be XVed VXch aV NMR

VSecWURVcRS\; IW Zill aVVeVV Whe VWUXcWXUal chaQgeV Rf Whe XQaceW\laWed YeUVXV aceW\laWed VSecieV Rf

WaX baVed RQ Whe chaQgeV iQ Whe PagQeWic VSiQ SURSeUWieV Rf Whe aWRPic QXclei WhaW aUe bRQded RU

iQ clRVe UaQge WR each RWheU dXe WR SURWeiQ fRldiQg (HRZaUd eW al.1998). AQRWheU VSecWURVcRS\

1�



WechQiTXe, CiUcXlaU dichURiVP (CD), Zill SURYide a YiVXal Rf Whe VecRQdaU\ cRPSRViWiRQ Rf

XQaceW\laWed aQd aceW\laWed VSecieV Rf WaX, aQd ZheWheU PRUe heliceV RU β VheeWV fRUP aV a UeVXlW

Rf aceW\laWiRQ; cRQVideUiQg Whe glRbXlaU VWUXcWXUe Rf TaX cRQWaiQV WUaQVieQW VecRQdaU\ elePeQWV

(MicVRQai eW al. 2015). TheVe VWUXcWXUal aQal\ViV Zill be dRQe RQ TaX 1-100 SURWeiQ fUagPeQWV,

Zhich UeSUeVeQWV a VQaSVhRW Rf Whe N-WeUPiQal UegiRQ Rf TaX alRQe, aQd FXll LeQgWh TaX

UeSUeVeQWiQg Whe eQWiUeW\ Rf Whe SURWeiQ aceW\laWed aQd XQaceW\laWed. A SURWeiQ aggUegaWiRQ aVVa\

Zill be XVed WR eYalXaWe Whe SURSeQViW\ Rf FXll leQgWh TaX WR fRUP aggUegaWeV, ZiWh aQd ZiWhRXW

N-WeUPiQal PRdiıcaWiRQ.

The diĳeUeQW VSecieV Rf TaX aggUegaWeV caQ WheQ be YiVXali]ed XViQg NaWiYe Gel

elecWURShRUeViV. ThiV elecWURShRUeViV WechQiTXe allRZV fRU a SURWeiQ WR UePaiQ iQ iWV QaWXUal

QaVceQW VWUXcWXUal VWaWe aV iW WUaYelV WhURXgh a SRl\acU\laPide gel ZiWhRXW deQaWXUiQg cRPSaUed WR

a QRUPal SDS-PAGE WechQiTXe (NRZakRZVki eW al. 2014). NaWiYe Gel elecWURShRUeViV Zill

YiVXali]e Whe aggUegaWeV WhaW QaWXUall\ fRUP ZheQ TaX iV aceW\laWed YeUVXV XQaceW\laWed, aQd

ZheWheU RU QRW aggUegaWeV aUe VRlXble deSeQdiQg RQ hRZ Whe diĳeUiQg VaPSleV UXQ WhURXgh Whe

gel. TR cRUUelaWe VWUXcWXUe ZiWh fXQcWiRQ, e[SeUiPeQWal aVVa\V VXch aV PicURWXbXle biQdiQg aQd

WXbXliQ SRl\PeUi]aWiRQ aVVa\V Zill aVVeVV Whe eĳecW WheVe VWUXcWXUal chaQgeV Rf aceW\laWiRQ haV RQ

TaXŖV SUiPaU\ fXQcWiRQ (HXda eW al. 2017; SXQ eW al. 2012). All Rf WheVe e[SeUiPeQWal WechQiTXeV

Zill Wie iQ WRgeWheU WR Well a VWRU\ abRXW Whe eĳecW N-WeUPiQal aceW\laWiRQ haV RQ TaX aV VSeciıc aV

Whe QeighbRUiQg UeVidXe iQWeUacWiRQ chaQgeV, WR VecRQdaU\ cRPSRViWiRQ, WR Whe fRUPaWiRQ Rf

aggUegaWeV, aQd laVWl\ fXQcWiRQ.

MATERIALS AND METHODS:

RHFRPELQDQW DNA

HB45: NaW A DNA iQ PeW15 VecWRU

HB75: TaX 1-100 DNA iQ PET22 YecWRUV ZiWh C-WeUPiQal HiV-Wag aQd APSicilliQ caVVeWWe

HB76: FXll leQgWh TaX DNA iQ PET22 YecWRUV ZiWh C-WeUPiQal HiV-Wag aQd APSicilliQ caVVeWWe

CORQLQJ PURFHVV
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PUiPeUV ZeUe deVigQed fRU TaX 1-100 aQd fXll leQgWh TaX DNA cRQVWUXcWV WhaW iQclXde

deVigQaWed Nde1 aQd XhR1 cXW ViWeV WhaW cRUUelaWe ZiWh Whe VaPe cXW ViWeV iQ Whe PET22 YecWRU.

WiWh Whe XVe Rf RT-TPCR, SUiPeUV ZeUe added WR Whe eQdV Rf TaX 1-100 aQd FXll LeQgWh TaX

cRQVWUXcWV iQ a PaQQeU ZheUe Nde1 cXW ViWe ZaV aSSeQded WR Whe begiQQiQg Rf Whe cRQVWUXcW aQd

XhR1 cXW ViWe WR Whe eQd Rf iW, Zhile ViPXlWaQeRXVl\ aPSlif\iQg Whe QXPbeU Rf TaX cRQVWUXcW

cRSieV. The PCR UeacWiRQ cRQViVWed Rf 5 ƑL Rf OQeTaT 10[ bXĳeU, 2 ƑL Rf dNTP, 2 ƑL Rf Whe

eQgiQeeUed fRUZaUd SUiPeU, 2 ƑL Rf Whe UeYeUVe SUiPeU, 38 ƑL Rf ZaWeU, 0.5 ƑL Rf Q5 SRl\PeUaVe,

aQd 0.5 ƑL Rf eiWheU fXll leQgWh TaX cRQVWUXcW aQd TaX 1-100. The RT-TPCR VRfWZaUe VeWWiQgV

ZeUe 3 PiQXWeV aQd 30 VecRQdV aW 96 ℃, 30 VecRQdV aW 55 ℃, aQd 72 ℃ fRU 3 PiQXWeV.

PCR SURdXcWV Rf TaX 1-100 aQd fXll leQgWh TaX DNA ZeUe WUaQVfRUPed ZiWh TRS 10 E. cRli cellV,

cellV cRPSeWeQW fRU DNA UeSlicaWiRQ. TUaQVfRUPed cellV ZeUe gURZQ RQ aPSicilliQ lXUia bURWh

agaU SlaWeV. CRlRQieV fURP WUaQVfRUPaWiRQ SlaWeV ZeUe gURZQ XS iQWR 3 PL cXlWXUeV Pade ZiWh 3

PL Rf liTXid LXUia bURWh aQd 3 ƑL Rf aPSicilliQ aQWibiRWic iQ RUdeU WR iQcUeaVe Whe aPRXQW Rf

XVable DNA fRU Whe ligaWiRQ aQd digeVW VcUeeQ SURceVV. A TheUPR FiVheU ScieQWiıc DNA

PiQiSUeS kiW ZaV XVed WR e[WUacW TaX 1-100 aQd FXll LeQgWh DNA fURP TRS 10 cellV

(TheUPRFiVheU, 2021).

TR clRQe Whe cRQVWUXcWV iQWR Whe PeW22 YecWRU, bRWh TaX 1-100 aQd fXll leQgWh TaX cRQVWUXcWV aQd

PeW22 YecWRUV ZeUe digeVWed. 1 ƑL Rf bRWh XhR1 aQd Nde1 eQ]\PeV each, 5 ƑL Rf 10[ CXWVPaUW

BXĳeU, 15 ƑL Rf Whe deVigQaWed cRQVWUXcW RU YecWRU, aQd 28 ƑL Rf ZaWeU ZaV Pi[ed WRgeWheU, aQd

iQcXbaWed aW 37 ℃ fRU 45 PiQXWeV WR aQ hRXU. TaX 1-100 aQd fXll leQgWh TaX digeVWV ZeUe ligaWed

ZiWh digeVWed PeW22 YecWRUV aW Whe aSSURSUiaWe XhR1 aQd Nde1 cXW ViWeV. TR deWeUPiQe Whe UaWiRV

Rf cRQVWUXcW WR SeW22 YecWRU, calcXlaWiRQV ZeUe Pade XViQg NEBiRcalcXlaWRU. The PRVW VXcceVVfXl

beiQg 7:1 fRU fXll leQgWh TaX aQd 5:1 fRU TaX 1-100. The ligaWiRQ VRlXWiRQ fRU fXll leQgWh TaXŖV

PRVW VXcceVVfXl ligaWiRQ iQWR Whe SeW22 YecWRU cRQWaiQed: 1 ƑL Rf digeVWed YecWRU, 3 ƑL Rf digeVWed

fXll leQgWh TaX cRQVWUXcW, 2 ƑL Rf ligaWiRQ bXĳeU, 13.5 ƑL Rf ZaWeU, aQd 0.5 ƑL Rf ligaVe bXĳeU.

The ligaWiRQ VRlXWiRQ fRU TaX 1-100 ZaV: 1 ƑL Rf digeVWed YecWRU, 2 ƑL Rf ligaWiRQ bXĳeU, 0.5 ƑL

Rf ligaVe bXĳeU, 1 ƑL Rf digeVWed TaX 1-100 cRQVWUXcW, aQd 15.5 ƑL Rf ZaWeU. BRWh VRlXWiRQV ZeUe

iQcXbaWed aW URRP WePSeUaWXUe fRU VeYeUal hRXUV. LigaWiRQ Pi[WXUeV ZeUe WheQ WUaQVfRUPed iQWR

TRS 10 cellV, ZheUe Whe cellV had Whe SlaVPidV e[WUacWed XViQg Whe TheUPR FiVheU ScieQWiıc DNA
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PiQiSUeS kiW, digeVWed, aQd YiVXali]ed b\ a 0.8% AgaURVe DNA Gel. WheQ TaX 1-100 aQd fXll

leQgWh TaX VXcceVVfXl clRQiQg iQWR PeW22 YecWRUV ZaV cRQıUPed b\ Whe agaURVe gel, VWRckV Rf

WUaQVfRUPed TRS 10 cellV Rf VXcceVVfXl UaWiRV ZeUe Pade aQd VWRUed iQ Whe -80 ℃ fUee]eU.

SLQJOH DQG DRXEOH TUDQVIRUPDWLRQ

FRU a ViQgle WUaQVfRUPaWiRQ, HB75 RU HB76 ZeUe WUaQVfRUPed ZiWh DE3 E. cRli cellV, cellV

cRPSeWeQW fRU SURWeiQ e[SUeVViRQ. 50 ƑL Rf cRPSeWeQW cellV aQd 2 ƑL Rf eiWheU cRQVWUXcW ZaV

Pi[ed WRgeWheU fRU a WRWal Rf 52 XL. If iW iV a ligaWiRQ WUaQVfRUPaWiRQ, 10 ƑL Rf iQcXbaWed ligaWiRQ

Pi[WXUe iV Pi[ed ZiWh 50 ƑL Rf cRPSeWeQW cellV (TRS 10) fRU a WRWal Rf 60 XL. The Pi[WXUe iV lefW

RQ ice fRU 30 PiQXWeV aQd heaW VhRcked aW 37 ℃ fRU 90 VecRQdV. TUaQVfRUPed heaW VhRcked cellV

ZeUe dilXWed ZiWh 250 ƑL Rf lXUia bURWh, aQd Whe dilXWiRQ ZaV VhakeQ fRU aSSUR[iPaWel\ 60

PiQXWeV aW 37 ℃, 200 ƑL Rf Whe dilXWiRQ ZaV VSUead RQ LB aPSicilliQ agaU SlaWeV. The SlaWeV

ZeUe iQcXbaWed aW 37 ℃ RYeUQighW RU aW URRP WePSeUaWXUe fRU 48 hRXUV.

FRU a dRXble WUaQVfRUPaWiRQ, HB75 RU HB75, aQd HB45 ZeUe WUaQVfRUPed ZiWh DE3 cellV. IQ WhiV

caVe, 50 ƑL Rf cRPSeWeQW cellV ZaV Pi[ed ZiWh 2 ƑL Rf eiWheU TaX cRQVWUXcWV aQd 2 ƑL Rf Whe

HB45 cRQVWUXcW, fRU a WRWal Rf 54 XL. The VaPe SURcedXUe fURP Whe ViQgle WUaQVfRUPaWiRQ iV

fRllRZed fRU Whe dRXble WUaQVfRUPaWiRQ, e[ceSW a dRXble aQWibiRWic LB agaU SlaWe iV XVed.

IQGXFWLRQ THVW

TR cRQıUP WhaW WUaQVfRUPed DE3 cellV caQ SURdXce Whe deViUed TaX SURWeiQ, cRlRQieV fURP ViQgle

RU dRXble WUaQVfRUPaWiRQV ZeUe gURZQ XS iQ 3 PL Rf lXUia bURWh aQd 3 ƑL Rf aPSicilliQ RYeUQighW.

1 PL Rf Whe RYeUQighW ZaV dilXWed ZiWh 4 PL Rf lXUia bURWh aQd 4 ƑL Rf aPSicilliQ aQd allRZed WR

gURZ fRU aSSUR[iPaWel\ aQ hRXU. OQce Whe O.D. Ueached beWZeeQ 0.2 A aQd 0.4 A, 5 ƑL Rf IPTG

ZaV added WR Whe cXlWXUeV aQd allRZed WR iQcXbaWe fRU a 1 hU RU 24 hU iQdXcWiRQ. IQdXced cellV

ZeUe YiVXali]ed XViQg a 15% SDS-PAGE. A SUeYiRXV VWXdeQWŖV ZRUk haV VhRZQ WhaW TaX iV 80%

aceW\laWed ZheQ dRXble WUaQVfRUPed aQd iQdXced DE3 cellV aUe aQal\]ed b\ PaVV VSecWURVcRS\.

HDUYHVWLQJ LDUJH SFDOH IQGXFWLRQV
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FURP a 3L WR 4L RYeUQighW iQdXcWiRQ fRU bRWh Whe ViQgle aQd dRXble WUaQVfRUPaWiRQV Rf eiWheU TaX

cRQVWUXcWV, 6 250 PL ceQWUifXge WXbeV aUe ılled ZiWh Whe RYeUQighW iQdXcWiRQ aQd VSXQ aW 10,000

RPM fRU 10 PiQV iQ a SRUYall ceQWUifXge. The VXSeUQaWaQW ZaV UePRYed leaYiQg Whe SelleW aQd

aQ\ UePaiQiQg RYeUQighW ZaV SRXUed iQWR Whe ceQWUifXge WXbeV aQd VSXQ agaiQ. IW WakeV a WRWal Rf 3

VSiQV WR SelleW all Whe bacWeUia fURP a 4L iQdXcWiRQ. PelleWV ZeUe ZaVhed ZiWh 75 PL Rf ZaWeU

XViQg a VSaWXla aQd 25 Pl SiSeW. ReVXVSeQViRQ ĲXid fURP all 6 WXbeV ZeUe SelleWed iQWR 2 250 PL

ceQWUifXge WXbeV. The VXSeUQaWaQW ZaV UePRYed aQd Whe SelleWV ZeUe UeVXVSeQded iQ 25 PL Rf

ZaWeU each. The UeVXVSeQViRQ ĲXid ZaV WUaQVfeUUed WR 2 50 Pl cRQical WXbeV aQd VSXQ aW 10,000

USP fRU aSSUR[iPaWel\ 20 PiQXWeV. The VXSeUQaWaQW ZaV UePRYed aQd Whe SelleWV ZeUe VWRUed aW

-20 C.

HLV-WDJ PXULILFDWLRQ

TR SXUif\ e[SUeVVed HiV-Wagged SURWeiQ RXW Rf fUR]eQ SelleWV, a FPLC (FaVW PURWeiQ LiTXid

ChURPaWRgUaSh\) WechQiTXe ZaV XVed. L\ViV bXĳeU cRQWaiQiQg 50 PL Rf BXĳeU A ( 50 PM NaCl

1M TUiV SH 9.0), 1 SURWeaVe iQhibiWRU WableW, aQd 250 ƑL Rf PMSF (0.04 Pg/XL) ZaV XVed WR

UeVXVSeQd 2 fUR]eQ SelleWV, 25 PL fRU each SelleW. Each UeVXVSeQded SelleW ZaV VRQicaWed aW 80%

aPSliWXde, ZiWh 15 VecRQd SXlVe aQd 15 VecRQd UeVW fRU a WRWal Rf 1 PiQXWe aQd 30 VecRQdV. AfWeU

VRQicaWiRQ, ceQWUifXge WXbeV cRQWaiQiQg VRQicaWed UeVXVSeQViRQ ZeUe bRiled fRU abRXW 15 PiQXWeV

iQ a ZaWeU baWh eUleQPe\eU ĲaVk XQWil Whe WePSeUaWXUe Ueached abRXW 75-85 C. OQce cRPSleWe,

bRWh WXbeV ZeUe iPPediaWel\ Slaced RQ ice fRU 15 PiQXWeV, WheQ ceQWUifXged iQ Whe SRUYall aW

18,000 USP fRU 45 PiQXWeV aW 4 C. The VXSeUQaWaQW fURP bRWh WXbeV ZaV caUefXll\ UePRYed. If

WheUe ZaV aQ e[ceVV Rf ZhiWe SUeciSiWaWe iQ Whe bRiled l\VaWe VXSeUQaWaQW, WheQ Whe VXSeUQaWaQW ZaV

ılWeUed WhURXgh a 20 PicURQ ılWeU RQ a lXeU lRck V\UiQge iQWR a cleaQ 50 PL cRQical WXbe. BefRUe

XViQg Whe FPLC, Whe UNICORN VWaUW VRfWZaUe ZaV bRRWed aQd Whe HiV-Tag SXUiıcaWiRQ SURWRcRl

XSlRaded. The VaPSle YRlXPe ZaV adjXVWed WR abRXW 1-2 PL leVV WhaQ Whe WRWal aPRXQW Rf bRiled

l\VaWe. The VaPSle iQleW ZaV Slaced iQ Whe 50 Pl cRQical WXbe Rf l\VaWe. 3 cRQical WXbeV ZaV XVed

WR cRllecW Whe ĲRZ WhURXgh, ZaVh, aQd elXWiRQ. The RXWSXW iQleW had WR PaQXall\ PRYed iQWR each

cRQical WXbe WhURXghRXW each VWage Rf Whe chURPaWRgUaSh\ SXUiıcaWiRQ RQce Whe FPLC ZaV

VWaUWed. OQ Whe elXWiRQ VWage, Whe UV ZaV PRQiWRUed iQ RUdeU WR gage ZheQ WR PRYe Whe RXWSXW

iQleW iQWR Whe elXWiRQ cRQical WXbe. WheQ Whe UV VWaUWed WR Seak 2-3 XQiWV WhaW'V ZheQ Whe iQleW
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ZaV PRYed WR Whe elXWiRQ WXbe, aQd RQce Whe UV UeWXUQed WR Whe baVeliQe, Whe RXWSXW iQleW ZaV

Slaced iQ Whe ZaVWe beakeU WR SUeYeQW dilXWiRQ Rf Whe SXUe SURWeiQ cRllecWed.

TCA PUHFLSLWDWLRQ

The elXaWe ZaV WUaQVfeUUed WR a 15 Pl cRQical WXbe aQd dilXWed ZiWh l\ViV bXĳeU WR a YRlXPe Rf 10

PL aQd SXW RQ ice. 4.5 gUaPV Rf aPPRQiXP VXlfaWe ZaV added gUadXall\ iQWR Whe 15 Pl cRQical

WXbe aV iW URWaWed iQ a 4 ℃ fUidge. IW ZaV WheQ lefW WR URWaWe RYeUQighW. The Qe[W da\, 1 PL Rf Whe

VaPSle ZaV aliTXRWed iQWR 12-14 PicURceQWUifXge WXbeV each. The aliTXRWV ZeUe VSXQ aW 13,000

USP fRU 60 PiQXWeV aW 4 ℃. The VXSeUQaWaQW fURP each WXbe ZaV UePRYed aQd aliTXRWV ZeUe dUied

fRU 30 PiQXWeV aW 95 ℃aQd VWRUed aW -20 ℃.

RHDO TLPH-PCR AJJUHJDWLRQ E[SHULPHQW

SRlXWiRQ SUeSaUaWiRQ fRU WhiV aVVa\ iQclXded PakiQg: AggUegaWiRQ bXĳeU (1 M TUiV SH 7.4, 4 M

NaCl, 292 PM EDTA), 100 PM DTT, 3 PM ThiRĲaYiQ T, 5 XM HeSaUiQ. CRQWURl aQd TaX

SURWeiQ SUeSaUaWiRQ iQYRlYed PakiQg BSA ( 4Pg/Pl iQ aggUegaWiRQ bXĳeU), aQd VRlXbili]iQg TaX

SURWeiQ SelleWV iQ 1 Pl Rf 50 PM TUiV SH 8. UViQg a 96 Zell SlaWe, each Zell cRQWaiQed a 200 ƑL

UeacWiRQ: 100 ƑL Rf SURWeiQ, cRQWURl BSA RU TaX, 2 ƑL Rf ThiRĲaYiQ T, 2 ƑL Rf DTT, 20 ƑL Rf

HeSaUiQ, aQd 76 ƑL Rf aggUegaWiRQ bXĳeU. The RYeUall aVVa\ WRRk 20 PiQXWeV WRWal Zhile beiQg

held aW 25 ℃ ZiWh ĲXRUeVceQce UeadiQgV Rf 454 QP XViQg Whe Real TiPe-PCR.

DLDO\VLV AJJUHJDWLRQ E[SHULPHQW

All Whe elXeQW VaPSle fRU aQ FPLC UXQ ZaV SiSeWWed iQWR a dial\ViV WXbiQg bag, Vealed RQ bRWh

eQdV, aQd WheQ Slaced iQ aQ EUleQPe\eU ĲaVk Rf 0.1M ShRVShaWe bXĳeU SH. 7.0. The dial\ViV bag

ZaV VSXQ ZiWh a VWiU PagQeW fRU 1 hRXU. EYeU\ hRXU, Whe ShRVShaWe bXĳeU iQ Whe ĲaVk ZaV

e[chaQged ZiWh fUeVh bXĳeU. AfWeU abRXW 4 hRXUV, Whe dial\ViV bag ZaV lefW WR VWiU RYeUQighW.

The Qe[W da\, a VaPSle Rf Whe ZhiWe YiVible aggUegaWeV fURP Whe dial\ViV bag ZeUe Slaced RQ a

Vlide aQd YiVXali]ed XQdeU a cRQfRcal PicURVcRSe.
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TXEXOLQ PRO\PHUL]DWLRQ AVVD\

SRlXWiRQ SUeSaUaWiRQ fRU WhiV aVVa\ ZaV all Pade RQ ice aQd iQclXded PakiQg: G-PEM bXĳeU (80

PM PIPES SH 6.9, 2 PM MgCl2, 0.5 PM EGTA, 1 PM GTP, 5% gl\ceURl), 100 XM Rf SRViWiYe

cRQWURl SacliWa[el, RYeUQighW VRlXbili]aWiRQ aQd dilXWiRQ Rf aceW\laWed aQd XQaceW\laWed TaX

SURWeiQ WR a 10X cRQceQWUaWiRQ, 10 XM WR 40 XM, aQd 4 Pg Rf WXbXliQ VRlXbili]ed iQ 1 PL Rf

G-PEM. UViQg a 96 Zell SlaWe, each Zell cRQWaiQed a 110 ƑL UeacWiRQ: blaQk (110 ƑL Rf geQeUal

WXbXliQ bXĳeU), QegaWiYe cRQWURl (10 ƑL Rf geQeUal WXbXliQ bXĳeU aQd 100 ƑL Rf WXbXliQ), SRViWiYe

cRQWURl (10 ƑL Rf SacliWa[el aQd 100 ƑL Rf WXbXliQ), TaX (10 ƑL Rf 10[ TaX aQd 100 ƑL Rf

WXbXliQ), aQd aceW\laWed TaX (10 ƑL Rf 10[ A-TaX aQd 100 ƑL Rf WXbXliQ). All Zell VRlXWiRQV ZeUe

added aQd iQcXbaWed aW 37 ℃, e[ceSW fRU Whe WXbXliQ XQWil Whe 96 Zell SlaWe ZaV Slaced iQ Whe

SlaWe UeadeU. UViQg a BiRV\VWePV SlaWe UeadeU, PeaVXUePeQW kiQeWicV ZeUe VeW WR 60 c\cleV

cRQViVWiQg Rf 1 UeadiQg eYeU\ 30 VecRQdV, abVRUbaQce ZaYeleQgWh ZaV VeW aW 340 QP, aQd iW ZaV

VeW WR Vhake RQce aW Whe VWaUW Rf Whe UeacWiRQ fRU 5 VecRQdV.

RES8LTS:

CORQLQJ RI TDX CRQVWUXFWV LQWR PHW22 9HFWRUV

OXU iQiWial gRal ZaV WR XWili]e aĴQiW\ chURPaWRgUaSh\ WR SXUif\ Whe TaX SURWeiQ. ThiV

UeTXiUed TaX cRQVWUXcWV ZiWh aQ aSSURSUiaWe aĴQiW\ Wag aQd Ze chRVe Whe cRPPRQl\ XVed HiV Wag

fRXQd iQ Whe YecWRU SET22b (Fig. 1A). TaX VeTXeQceV ZeUe aPSliıed b\ PCR XWili]iQg SUiPeUV

ZiWh XhR1 aQd Nde1 cXW ViWeV(Fig. 1B). We SURdXced WZR cRQVWUXcWV; Whe eQWiUe TaX geQe

(FL-TaX) aQd Whe ıUVW 100 aPiQR acidV (TaX 100). BRWh PCR aPSliıed fUagPeQWV ZeUe digeVWed

ZiWh Whe UeVWUicWiRQ eQ]\PeV XhR1 aQd Nde1, aV ZaV Whe PeW22 YecWRU WR SURdXce cRPSlePeQWiQg

VWick\ eQdV. Ne[W, iQ RUdeU WR eQVXUe SURSeU ligaWiRQ Rf PCR fUagPeQWV iQWR Whe YecWRU, diĳeUeQW

UaWiRV Rf digeVWed YecWRU, PCR SURdXcW, aQd ligaVe ZeUe WUaQVfRUPed iQWR cRPSeWeQW E. cRli cellV.

TR eQVXUe SURSeU iQVeUWiRQ, UeVXlWiQg cRlRQieV had WheiU SlaVPidV SXUiıed aQd ZeUe VXbjecWed WR

UeVWUicWiRQ digeVW ZiWh XhR1 aQd Nde1. PlaVPidV ZiWh a cRUUecW iQVeUW fRU TaX100 ZRXld SURdXce
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a digeVWed fUagPeQW aURXQd 500bS (Fig. 1C) aQd FL-TaX ZRXld SURdXce a fUagPeQW aURXQd

1000bS (Fig. 1D), TakeQ WRgeWheU, WheVe UeVXlWV VXggeVW Ze haYe VXcceVVfXll\ clRQed bRWh TaX

cRQVWUXcWV iQWR a YecWRU WhaW Zill add a C-WeUPiQi HiV-Wag WR SURWeiQ.

IQ RUdeU WR eQVXUe Whe ligaWiRQ, RU clRQiQg, Rf PCR cRQVWUXcWV iQWR Whe YecWRUV, a ligaWiRQ

Pi[WXUe Rf digeVWed cRQVWUXcWV aQd YecWRU, aQd ligaVe ZaV WUaQVfRUPed ZiWh E. cRli cellV aQd

digeVWed WR VcUeeQ fRU Whe PeW22 YecWRU aQd TaX 1-100 cRQVWUXcW. DigeVW VcUeeQV Rf cRlRQieV fURP

WUaQVfRUPaWiRQV VhRZed WhaW a VSeciıc UaWiR Rf cRQVWUXcW aQd YecWRU iV UeTXiUed iQ RUdeU fRU Whe

TaX cRQVWUXcWV WR ligaWe iQWR Whe PeW22 YecWRUV. FRU TaX 1-100 a UaWiR Rf 5:1 SUeVeQWed Whe beVW

UeVXlWV iQ Whe VcUeeQ; ThiV iV Whe RQl\ UaWiR WhaW VhRZed Whe PRVW cRlRQ\ gURZWh, aQd laQeV WhaW

SUeVeQWed Whe cRUUecW baVe SaiU leQgWh fRU bRWh Whe PeW22 YecWRU aQd TaX 1-100 cRQVWUXcW ZheQ

YiVXali]ed b\ aQ agaURVe gel (Fig. 1C). OXW Rf Whe 8 cRlRQieV WhaW ZeUe VelecWed aQd VcUeeQed, Whe

5:1 UaWiR UeSUeVeQWed half Rf WhRVe cRlRQieV (Fig. 1C). OXW Rf Whe 4 cRlRQieV, 2 Rf WheP VhRZed Whe

cRUUecW baVe SaiU fRU Whe YecWRU aQd cRQVWUXcW; A Ued aUURZ SRiQWV RXW Whe cRUUecW TaX 1-100

fUagPeQW fRU cRQWe[W (Fig. 1C).

FRU Whe fXll leQgWh TaX cRQVWUXcW, a UaWiR Rf 7:1 iV Whe RQl\ ligaWiRQ UaWiR iQ Whe

WUaQVfRUPaWiRQ becaXVe Whe SUeYiRXV fXll leQgWh TaX cRQVWUXcW WhaW ZaV XVed befRUe WhiV Qickel

cRlXPQ SXUiıcaWiRQ aSSURach, ZaV clRQed XViQg WhaW VaPe ligaWiRQ UaWiR. WiWh WhiV, RXW Rf Whe 8

cRlRQieV VcUeeQed, 3 Rf WhRVe cRlRQieV had Whe aSSURSUiaWe YecWRU aQd fXll leQgWh cRQVWUXcW baVe

SaiU (Fig. 1D). ThiV PeaQV QRW RQl\ ZaV WheUe a high QXPbeU Rf cRlRQieV WR VcUeeQ RQ Whe agaU

SlaWe, dePRQVWUaWiQg VigQiıcaQW gURZWh, bXW clRVe WR 40 SeUceQW Rf WhRVe cRlRQieV cRQWaiQed Whe

fXll leQgWh TaX cRQVWUXcW iQ Whe PeW22 YecWRU; A Ued aUURZ SRiQWV RXW Whe cRUUecW fXll leQgWh TaX

fUagPeQW fRU cRQWe[W (Fig. 1D). OYeUall, Whe VSeciıc UaWiR Qeeded WR clRQe TaX 1-100 iQWR a PeW22

YecWRU ZaV 5:1 (HB75), aQd fRU Whe fXll leQgWh TaX cRQVWUXcW iW ZaV a VWaQdaUd 7:1 (HB76).

TUDQVIRUPDWLRQ RI NHZO\ CORQHG TDX FRQVWUXFWV (HB75 & HB76)

OQce Whe TaX cRQVWUXcWV ZeUe VXcceVVfXll\ clRQed iQWR Whe PeW22 YecWRU ZiWh a C-WeUPiQi

HiV-Wag (HB75 aQd HB76), iWV WUaQVfRUPaWiRQ aQd iQdXcWiRQ caSabiliW\ Qeeded WR be WeVWed iQ

RUdeU fRU iW WR be SRVVible WR  Pake laUge aPRXQWV Rf HiV-Wagged TaX SURWeiQ ZiWh WUaQVfRUPed E.

cRli. The ViQgle WUaQVfRUPaWiRQV WhaW XVed HB75 aQd HB76 SlaVPidV alRQe VhRZed VigQiıcaQW
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aPRXQWV Rf gURZWh RQ aPSicilliQ lXUia bURWh agaU SlaWeV (Fig. 2A aQd B). The dRXble

WUaQVfRUPaWiRQV WhaW XVed HB75 RU HB76 SlaVPidV ZiWh Whe HB45 SlaVPidV, VhRZed leVV gURZWh

RQ Whe lXUia bURWh aPSicilliQ aQd chlRUaPSheQicRl agaU SlaWeV (Fig. 2C aQd D). TheVe UeVXlWV caQ

be e[SlaiQed b\ Whe decUeaVed SURbabiliW\ Rf bacWeUiXP XSWakiQg QRW RQl\ 1 bXW 2 diĳeUeQW

SlaVPidV. IQ geQeUal, WUaQVfRUPiQg E. cRli ZiWh QeZl\ clRQed TaX cRQVWUXcWV iV SRVVible, aQd

WheUefRUe SURPiViQg fRU Whe iQWeQWiRQV Rf PakiQg HiV-Wagged TaX SURWeiQ fRU Whe Qickel cRlXPQ

SXUiıcaWiRQ.

IQGXFWLRQ THVW RI TUDQVIRUPHG EVcheUichia cRli

TUaQVfRUPed E. cRli cellV ZiWh HB75 aQd HB76 XQdeUZeQW a VPall Vcale 5 PL iQdXcWiRQ

WR WeVW WheiU iQdXcibiliW\. TaXŖV PRlecXlaU ZeighW UaQgeV fURP 45-110 kDa aQd Ze kQRZ TaX

1-100 iV aQ e[WUePel\ VPall SURWeiQ (FiVcheU aQd BaaV, 2020). AV dePRQVWUaWed b\ Whe Ued aUURZ

iW ZaV dedXced WhaW  a 1 hU aQd 24 hU iQdXcWiRQ ZiWh IPTG VhRZV Whe SUeVeQce Rf fXll leQgWh TaX

aW aSSUR[iPaWel\ 70 kDa aQd TaX 1-100 aW aSSUR[iPaWel\ 11 kDa (Fig 3). CRQclXViYel\ WhiV

iQVighW VhRZed XV WhaW ZheQ laUge Vcale iQdXcWiRQV Wake Slace aW YRlXPeV like 3 WR 4 L, iQdXcWiRQV

VhRXld be held fRU a dXUaWiRQ Rf 24 hRXUV iQ RUdeU fRU fXll leQgWh TaX aQd TaX 1-100 WR be

e[SUeVVed aQd accXPXlaWe iQ WUaQVfRUPed cellV.

LDUJH SFDOH IQGXFWLRQ DQG PXULILFDWLRQ RI HLV-WDJJHG TDX

WiWh WUaQVfRUPaWiRQ aQd iQdXciQg caSabiliW\ eVWabliVhed, laUge Vcale iQdXcWiRQV Rf bRWh

TaX cRQVWUXcWV ZeUe caUUied RXW WR VWaUW Whe SURdXcWiRQ SURceVV Rf aceW\laWed aQd XQaceW\laWed TaX

SURWeiQ. TeQWaWiYel\, TaX SURWeiQ e[SUeVVed ZiWh Whe C-WeUPiQi HiV-Wag Zill XQdeUgR a VeUieV Rf

VWeSV WhaW aUe cUXcial WR VeSaUaWe TaX fURP aQ\ Rf Whe cellXlaU cRPSRQeQWV WhaW aided iQ iWV

e[SUeVViRQ. The VSeciıc cRPbiQaWiRQ Rf VWeSV fURP VRQicaWiRQ WR elXWiRQ SURYide cleaQeU aQd

cleaQeU VaPSleV Rf SXUe TaX aV iW SURgUeVVeV WhURXgh each VWeS, ZiWh Whe cleaQeVW beiQg Whe

elXWiRQ VWeS (Fig. 4A aQd D). The SXUSRVe Rf Whe VRQicaWiRQ VWeS iV WR Sh\Vicall\ RSeQ XS Whe cellV

iQ RUdeU WR acceVV Whe  c\WRSlaVP ZheUe Whe e[SUeVVed Wagged TaX SURWeiQ iV. ThRXgh VRQicaWiRQ
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SURYideV acceVV WR Whe TaX SURWeiQ iW dReVQŖW QeceVVaUil\ VeSaUaWe Whe SURWeiQ fURP Whe cUXde

cRPSRQeQWV Rf E. cRli.

The hallPaUkV Rf WhiV SXUiıcaWiRQ aUe Whe bRil, elXWiRQ, aQd ceQWUifXge VSiQV beWZeeQ each

VWeS XS XQWil Qickel cRlXPQ SXUiıcaWiRQ. The bRiliQg VWeS WakeV adYaQWage Rf Whe iQWUiQVicall\

diVRUdeUed VWUXcWXUe Rf TaX. OQe ZRXld e[SecW WhaW ZheQ a SURWeiQ iV bRiled iW VhRXld deQaWXUe

aQd lRVe iWV VhaSe, hRZeYeU becaXVe VRlXble TaX eQdRgeQRXVl\ dReVQŖW haYe a VWUXcWXUe RU VhaSe,

iW Zill UePaiQ XQaĳecWed ZheQ bRiled, aQd PajRUiW\ Rf Whe RWheU SURWeiQV Rf E. cRli Zill deQaWXUe

RXW Rf VRlXWiRQ. WiWh Whe ceQWUifXge VSiQ, WhRVe SURWeiQV Zill VeSaUaWe fURP Whe VXSeUQaWaQW Rf

PRVWl\ VRlXble TaX aQd WheUefRUe UeSUeVeQW Whe ıUVW SURgUeVViYe VWeS WRZaUdV RbWaiQiQg SXUe TaX.

LRRkiQg aW bRWh SDS-PAGEV Rf Whe TaX cRQVWUXcWVŖ SXUiıcaWiRQV, Whe cleaU diĳeUeQce iQ SXUiW\ iV

eYideQW cRPSaUiQg Whe VRQicaWiRQ aQd bRil laQeV (Fig. 4A aQd D). The RQl\ SURPiQeQW SURWeiQ

baQdV SUeVeQW iQ l\VaWe VaPSleV afWeU bRil aQd ceQWUifXgaWiRQ caUU\ PRlecXlaU ZeighWV Rf aURXQd

70 kDA aQd leVV WhaQ 11 kDA (Fig. 4A aQd D). ThRVe PRlecXlaU ZeighWV YalidaWe aQd cRQıUP

Whe dedXced PaVVeV Rf  FXll leQgWh TaX aQd TaX 1-100 iQ Whe iQdXcWiRQ WeVW (Fig 3).

CRPSaUaWiYel\, lRRkiQg aW Whe elXWiRQ laQeV Rf bRWh cRQVWUXcWV, WheUe iV aQ iQcUeaVed lack

Rf faiQW SURWeiQ baQdV VXUURXQdiQg Whe eYeQ PRUe SURPiQeQW aSSUR[iPaWe 11 kDA aQd 70 kDA

SURWeiQ baQdV (Fig. 4A aQd D). ThiV VXggeVWV WhaW beWZeeQ Whe bRil VWeS aQd Whe elXWiRQ VWeS, Whe

PajRUiW\ Rf Whe SURWeiQV WhaW acWXall\ aWWached WR Whe Qickel cRlXPQ ZeUe Whe HiV-Wagged TaX

SURWeiQV, Zhich UeVXlWV iQ higheU SXUe SURWeiQ RXWSXW (Fig. 4A aQd D).

FRcXViQg PRUe RQ hRZ PXch SXUe SURWeiQ RXWSXW UeVXlWV fURP XViQg WhiV Qickel cRlXPQ

SXUiıcaWiRQ WechQiTXe, iQdXcWiRQ YRlXPe haV VhRZQ WR be Rf PajRU VigQiıcaQce.  IQdXciQg

cXlWXUeV WUaQVfRUPed ZiWh HB75 fRU 24 hRXUV aW higheU YRlXPeV, SURYideV higheU RXWSXW Rf SXUe

SURWeiQ. ThiV iV VhRZQ b\ Whe diĳeUeQce iQ iQWegUaWed elXWiRQ SeakV Rf a 3 L iQdXcWiRQ Qickel

cRlXPQ chURPaWRgUaSh cRPSaUed WR Whe 2 L iQdXcWiRQ chURPaWRgUaSh dXUiQg high %B elXWiRQ

(Fig. 4B aQd C). The 3 L TaX 1-100 iQdXcWiRQ haV aQ iQWegUaWed Seak WhaW ZaV 3.19 XQiWV gUeaWeU

WhaQ Whe 2 L iQdXcWiRQ (Fig. 4B aQd C). The VaPe WUeQd aSSlieV fRU Whe fXll leQgWh TaX, 3 L

iQdXcWiRQŖV iQWegUaWed elXWiRQ Seak ZaV 3.15 XQiWV gUeaWeU WhaQ Whe 2 L iQdXcWiRQ (Fig. 4E aQd F).

SiQce iQWegUaWiRQ UeSUeVeQWV Whe UeWeQWiRQ Rf WheVe elXWiRQ SeakV iQ YRlXPe, higheU iQWegUaWiRQ

PeaQV higheU YRlXPeV Rf SXUe SURWeiQ cRllecWed afWeU elXWiRQ.
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TXEXOLQ PRO\PHUL]DWLRQ E[SHULPHQW

We Qe[W ZaQWed WR aVVeVV Whe fXQcWiRQ Rf Whe SXUiıed aceW\laWed aQd XQaceW\laWed TaX. TR

achieYe WhiV, Ze XWili]ed a WXbXliQ SRl\PeUi]aWiRQ aVVa\. BUieĲ\, Ze PRQiWRUed WXbXliQ aV iW

SRl\PeUi]ed iQWR PicURWXbXleV, ViQce SRl\PeUi]ed PicURWXbXleV Zill abVRUb lighW aW 340QP.

PacliWa[el iV a kQRZQ WXbXliQ SRl\PeUi]iQg ageQW, aQd Ze ZeUe VXcceVVfXl iQ RbVeUYiQg WXbXliQ

SRl\PeUi]aWiRQ chaQgeV iQ WeUPV Rf O.D. aQd UaWe RYeUWiPe ZheQ SRl\PeUi]aWiRQ iV acWiYel\

RccXUUiQg RYeU a 30 PiQXWe WiPe fUaPe (Fig. 5C aQd D). TaX Zill alVR iQdXce WXbXliQ

SRl\PeUi]aWiRQ aQd RXU iQiWial chaUacWeUi]aWiRQ VhRZV WhaW WheUe iV a VlighW iQcUeaVe iQ Whe UaWe Rf

SRl\PeUi]aWiRQ RYeU cRQWURl (Fig. 5C). IQWeUeVWiQgl\, ZheQ cRPSaUiQg Whe SeUfRUPaQce Rf

aceW\laWed aQd XQaceW\laWed TaX e[clXViYel\, aceW\laWed TaX VhRZed WR iQcUeaVe Whe UaWe Rf WXbXliQ

SRl\PeUi]aWiRQ PRUe WhaQ XQaceW\laWed TaX, WheUefRUe SURPRWiQg WXbXliQ SRl\PeUi]aWiRQ (Fig.

5C). ThRXgh WhiV cRPSaUiVRQ iV QRW VWaWiVWicall\ VigQiıcaQW iW iV eQRXgh WR be aQ adeTXaWe

SUeliPiQaU\ UeVXlW

While WheUe ZaV aQ iQcUeaVe iQ WXbXliQ SRl\PeUi]aWiRQ, Whe UeVSRQVe WR Whe SXUiıed TaX iV

lRZeU WhaQ e[SecWed. A QXPbeU Rf iQfeUeQceV caQ be iQfeUUed fURP WheVe UeVXlWV: WheUe iV QRW

eQRXgh VRlXble TaX SUeVeQW, TaX SURWeiQ iQ Whe VRlXble VaPSle fUagPeQWed dXUiQg VRlXbili]aWiRQ

SUeSaUaWiRQV, RU Whe TaX SURWeiQ aggUegaWed befRUe iW ZaV added WR Whe ZellV. We UeVRlYed a

VaPSle Rf Whe VRlXbili]ed TaX b\ SDS-PAGE aQd baVed RQ Whe YiVXali]aWiRQ WheUe ZeUe SURWeiQ

baQdV Rf PRlecXlaU ZeighWV lRZeU WhaQ 70 kDa SUeVeQW iQ Whe VaPSleV XVed iQ Whe WXbXliQ

SRl\PeUi]aWiRQ (Fig. 5E). ThiV YalidaWeV WhaW fUagPeQWaWiRQ aQd WheUefRUe lRZ cRQceQWUaWiRQV Rf

TaX aUe Whe PRVW SlaXVible e[SlaQaWiRQV fRU Whe lack Rf chaQge iQ WXbXliQ SRl\PeUi]aWiRQ ZheQ

WXbXliQ iV iQ Whe SUeVeQce Rf RXU SXUe TaX VaPSleV (Fig. 5E). OYeUall, WheVe SRl\PeUi]aWiRQ UeVXlWV

VhRZ WhaW Whe aVVa\ dReV ZRUk, hRZeYeU, iW dReV Qeed VRPe PRdiıcaWiRQV iQ WeUPV Rf TaX VaPSle

SUeSaUaWiRQ.

AJJUHJDWLRQ E[SHULPHQWV
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We WheQ ZaQWed WR Vee if RXU SXUiıed TaX cRXld be XVed WR RbVeUYe aggUegaWe fRUPaWiRQ iQ

YiWUR. UViQg Whe SXUiıed TaX, Ze SeUfXPed SUeliPiQaU\ aggUegaWiRQ e[SeUiPeQWV WR eYalXaWe Whe

aggUegaWiRQ behaYiRU Rf TaX. We XWili]ed a d\e, ThiRĲaYiQ S, WhaW VSeciıcall\ biQdV aQd

ĲXRUeVceV ZheQ iW biQdV WR aggUegaWed TaX ıbeUV. We WheQ RbVeUYed chaQgeV iQ ĲXRUeVceQce RYeU

WiPe WR aVVeVV aggUegaWiRQ UaWe. We SUedicWed WhaW aggUegaWiRQ Rf SXUiıed TaX cRXld be fRllRZed

RYeU aQ hRXUl\ WiPe Vcale aW a PicURgUaP cRQceQWUaWiRQ. IQiWiall\ Ze XWili]ed heSaUiQ WR iQdXce

aggUegaWiRQ aQd fRXQd WhaW aggUegaWiRQ RccXUUed RYeU a VhRUWeU WiPe Vcale (Fig. 5A). We Qe[W

aVked if aggUegaWiRQ ZRXld Wake Slace ZiWhRXW heSaUiQ WR aVVeVV TaXŖV iQQaWe abiliW\ WR fRUP

aggUegaWeV. ViVible aggUegaWiRQ RccXUUed RYeU afWeU 24 hRXUV ZiWhRXW Whe Qeed Rf aQ aggUegaWiRQ

iQdXceU aW PilligUaP cRQceQWUaWiRQV Rf aceW\laWed TaX SURWeiQ Zhich ZaV QRW VeeQ iQ Whe cRQWURl

SURWeiQ (BSA) (Fig 5B.) IQ all, iQiWiall\ iW caQ be dedXced WhaW Whe TaX SURWeiQ, ZheWheU aceW\laWed

RU XQaceW\laWed haV a high SURSeQViW\ WR aggUegaWe iQ Whe SUeVeQce aQd ZiWhRXW aQ aggUegaWiRQ

iQdXceU like heSaUiQ.

DISC8SSION:

RHOHYDQFH RI WKH SLQJOH DQG DRXEOH TUDQVIRUPDWLRQ THFKQLTXH XVLQJ D
PURNDU\RWLF S\VWHP

BacWeUia dRQŖW SeUfRUP SRVW WUaQVlaWiRQal PRdiıcaWiRQV RQ WheiU SURWeiQV aV RfWeQ aV

eXkaU\RWic RUgaQiVPV dR; The\ aUe eVVeQWiall\ RQl\ caUUied RXW ZheQ iW'V Qeeded fRU Whe bacWeUiaŖV

adaSWaWiRQ WR aQ eQYiURQPeQW (Macek eW al. 2019). MajRUiW\ Rf Whe PRdiıcaWiRQV acWXall\ caUUied

RXW aUe VR PiQXWe WhaW Whe\ aUe diĴcXlW WR Vee aQ\ eĳecW b\ VWUXcWXUal RU fXQcWiRQal aQal\ViV

(Macek eW al. 2019). ThiV RQl\ VSeakV WR Whe iQQRYaWiRQ behiQd XViQg a SURkaU\RWic V\VWeP WR

SURdXce laUge Vcale aPRXQWV Rf Whe TaX SURWeiQ ZiWh aQd ZiWhRXW N-WeUPiQal aceW\laWiRQ, aQd WhiV

all VWaUWV ZiWh Whe WUaQVfRUPaWiRQal caSabiliW\ Rf a SURkaU\RWic V\VWeP like E. cRli. A labRUaWRU\

DNA WUaQVfRUPaWiRQ Rf E cRli deSeQdV RQ chaQce. WheUe iW Ueall\ cRXQWV iV aW 2 iPSRUWaQW SRiQWV

iQ Whe WUaQVfRUPaWiRQ SURcedXUe, Whe heaW VhRck VWeS aQd Whe gURZWh Rf WUaQVfRUPed cellV RQ agaU

SlaWeV. IW'V beeQ aVVXPed WhaW XViQg cRPSeWeQW cellV WhaW allRZ fRU Whe abVRUSWiRQ Rf a deViUed
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SlaVPid WhURXgh Whe SlaVPa PePbUaQe ZiWh Whe helS Rf Ca2+ iRQV aQd addiQg a heaW VhRck VWeS

eQVXUeV WhaW Whe DNA iV WakeQ XS iQWR Whe c\WRVRl Rf Whe bacWeUiXP (RahiP]adeh eW al. 2016).

BXW WR eQVXUe WhaW cRPSeWeQW cellV WUaQVfRUP VXcceVVfXll\ aQd caQ hRld RQWR Whe SlaVPid

RYeU geQeUaWiRQV Rf SURgeQ\, Whe\ haYe WR be gURZQ RQ agaU SlaWeV WhaW cRQWaiQ Whe aQWibiRWic WhaW

Whe deViUed SlaVPid haV aQ eQcRded UeViVWaQce fRU. SXcceVVfXll\ WUaQVfRUPed bacWeUia haYe WR be

able WR VXcceVVfXll\ fXlıll WZR Rf WheVe UeTXiUePeQWV WR be cXlWXUable aQd WheUefRUe iQdXcible WR

Pake laUge TXaQWiWieV Rf aceW\laWed aQd XQaceW\laWed TaX SURWeiQ, Zhich iV WR be XVed iQ diĳeUeQW

aVVa\V. WhaW ZaV deVcUibed ZaV Whe chaQceV Rf a VXcceVVfXl ViQgle WUaQVfRUPaWiRQ, WheUefRUe Whe

VXcceVVfXl aUWiıcial dRXble SlaVPid WUaQVfRUPaWiRQ Rf E. cRli UeTXiUeV dRXble Whe aPRXQW Rf

VXcceVVfXl fXlıllPeQW Rf Whe 2 UeTXiUePeQWV. OWheU SURWRcRlV haYe VhRZQ WhaW Whe VXcceVV

fUeTXeQc\ Rf a ViQgle SlaVPid WUaQVfRUPaWiRQ iV 4-6 fRld gUeaWeU WhaQ Whe fUeTXeQc\ Rf a dRXble

SlaVPid WUaQVfRUPaWiRQ (WeVWRQ eW al. 1979). ThiV caQ e[SlaiQ Whe lRZ QXPbeUV Rf cRlRQieV fRXQd

iQ Whe dRXble WUaQVfRUPaWiRQ SlaWeV cRPSaUed WR Whe ViQgle WUaQVfRUPaWiRQ (Fig. 2).

IPSRUWDQFH RI IQGXFWLRQ MHWKRG

KQRZiQg WhaW ViQgle aQd dRXble WUaQVfRUPaWiRQV aUe SRVVible, Whe Qe[W big

accRPSliVhPeQW ZaV Whe iQdXcWiRQ VWeS. ThiV iV SURbabl\ RQe Rf Whe PRVW cUXcial VWeSV iQ Whe

ZhRle SURceVV Rf SURWeiQ SURdXcWiRQ becaXVe WhiV deıQeV hRZ PXch SXUe SURWeiQ Ze ZeUe gRiQg

WR geW iQ Whe eQd baVed RQ Whe Qickel cRlXPQ SXUiıcaWiRQ PeWhRd, WhiQk Rf iW aV Whe ŗUaWe-liPiWiQg

VWeSŘ. ThURXgh SUeYiRXV WUialV Rf YaU\iQg iQdXcWiRQ YRlXPeV Ze cRQclXded WhaW high iQdXcWiRQ

YRlXPeV \ield higheU SXUe SURWeiQ \ield. The chURPaWRgUaSh iQWegUaWed elXWiRQ SeakV VhRZed WhaW

Whe higheU Whe iQWegUaWed YalXe, Whe higheU Whe YRlXPe Rf SURWeiQ cRPiQg RXW Rf Whe iQleW dXUiQg

Whe elXWiRQ VWeS (Fig. 4). TheUe haYe beeQ PaQ\ SURWRcRlV SXbliVhed WhaW haYe SURYeQ WhaW high

deQViW\ cell cXlWXUeV, UefeUUiQg WR high O.D.,  SURYide high \ield SURWeiQ (SiYaVhaQPXgaP, 2009).

HRZeYeU, WheUe aUe PaQ\ challeQgeV WhaW cRPe abRXW ZiWh XViQg high deQViW\ cell cXlWXUeV aQd

WhRVe aUe: Whe VWUXcWXUal feaWXUeV Rf Whe geQe VeTXeQce beiQg e[SUeVVed, Whe VWabiliW\ aQd

WUaQVlaWiRQal eĴcieQc\ Rf PRNA, SURWeiQ fRldiQg, degUadaWiRQ Rf SURWeiQ b\ hRVW SURWeaVeV, aQd

cRdRQ XVage WR[iciW\ Rf Whe SURWeiQ WR Whe hRVW (SiYaVhaQPXgaP, 2009).
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NRZ Whe challeQgeV WhaW VSeciıcall\ SeUWaiQ WR fXll leQgWh TaX aQd TaX 1-100 iV SURWeiQ

fRldiQg aQd degUadaWiRQ Rf Whe SURWeiQ b\ Whe hRVW SURWeaVeV. If fXll leQgWh TaX ZeUe WR be Pade

b\ eYeU\ cell iQ a high cell deQViW\ cXlWXUe WheQ WheUe Zill be aQ iQcUeaVed accXPXlaWiRQ Rf TaX iQ

Whe cXlWXUe. CRQVideUiQg hRZ iQWUiQVicall\ diVRUdeUed TaX iV, aQd SXUiıcaWiRQ iVVXeV WhaW aURVe dXe

WR VSRQWaQeRXV aggUegaWiRQ ZheQ cRQceQWUaWiQg high RXWSXWV Rf TaX afWeU elXWiRQ XViQg dial\ViV RU

a cRQceQWUaWRU WXbe, RQe caQ Vafel\ aVVXPe WhaW TaX ZRXld fRUP aggUegaWeV aQd SUeciSiWaWe ZheQ

e[SUeVVed iQ a high deQViW\ cXlWXUe befRUe iW ZeUe WR XQdeUgR SXUiıcaWiRQ. ThiV cRXld WheUefRUe

acWiYaWe Whe SURWeaVeV iQ Whe hRVW cellV WhaW ZRXld degUade TaX aQd geW Uid Rf Whe aggUegaWeV. AV

fRU TaX 1-100, becaXVe iW iV WechQicall\ RQl\ a Siece Rf Whe TaX SURWeiQ beiQg e[SUeVVed, Whe cell

Pa\ UecRgQi]e iW aV a PiVWUaQVlaWed SURWeiQ fUagPeQW aQd acWiYaWe Whe SURWeaVeV caXViQg iWV

degUadaWiRQ. TheUefRUe WR cRXQWeUacW Whe high O.D. eĳecWV Rf iQdXcWiRQ, higheU YRlXPeV Rf

cXlWXUe aUe iQdXced RYeUQighW; IW SURYeV WhaW WheVe higheU YRlXPeV SURYide higheU \ieldV Rf

SURWeiQ, baVed RQ iQWegUaWed elXWiRQ Seak YalXeV (Fig. 4).

PXULILFDWLRQ THFKQLTXH

PURWeiQV e[SUeVVed iQ iQdXced cXlWXUeV Qeed WR be SXUiıed RXW iQ RUdeU fRU iW WR be XVefXl

aQd SURYide cleaQ UeVXlWV fRU VWUXcWXUal aQd fXQcWiRQal aQal\ViV. OQe Rf Whe PaiQ VWUXcWXUal

aQal\ViV WechQiTXeV WhaW ZRXld haYe beeQ XVed WR VWXd\ XQaceW\laWed aQd aceW\laWed TaX iV NMR

aQal\ViV. NMR VSecWURVcRS\ (NXcleaU MagQeWic ReVRQaQce VSecWURVcRS\) haV Sla\ed a PajRU

URle iQ PRQiWRUiQg Whe fRUPaWiRQ Rf diVWiQcW aVSecWV Rf SURWeiQ VWUXcWXUe; IW fXlıllV WhiV URle

WhURXgh iWV abiliW\ WR aQal\]e Whe diVWUibXWiRQV Rf h\dURgeQ aQd deXWeUiXP iQ Ueadil\ chaQgiQg

ViWeV iQ SURWeiQV (DRbVRQ eW al. 1998). The TXaliW\ Rf Whe VWUXcWXUeV SURdXced b\ NMR iV

cRPSaUable WR WhaW Rf [-Ua\ cU\VWallRgUaSh\; HRZeYeU, VWUXcWXUal TXaliW\ iV deSeQdeQW RQ Whe

e[WeQW aQd TXaliW\ Rf Whe daWa WhaW caQ be RbWaiQed, Zhich deSeQdV RQ Whe SXUiW\ Rf Whe SURWeiQ

VaPSle (MRQWeliRQe eW al. 2000). ThiV iV Zh\ Whe W\Se Rf SXUiıcaWiRQ XVed WR SXUif\ TaX iV cUiWical

aQd iPSRUWaQW, becaXVe iW deWeUPiQeV ZhaW Whe UeVXlWV Rf aVVa\V aQd aQal\ViV Zill lRRk like. DXe

WR Whe deVigQ Rf Whe DNA cRQVWUXcWV iQdXced iQ E. cRli bacWeUial cXlWXUeV, Whe TaX SURWeiQ

e[SUeVVed haV a HiV-Wag RQ Whe C-WeUPiQi. ThiV aĴQiW\ Wag haV a YeU\ high aĴQiW\ fRU Nickel,

Zhich iV ZhaW Whe cRlXPQ XVed iQ Whe chURPaWRgUaSh\ VWeS iV Pade Rf. PaVViQg l\VaWeV Rf Whe

aĴQiW\ Wagged TaX SURWeiQ RYeU Whe cRlXPQ eQVXUeV WhaW ZheQ a high ValW bXĳeU iV XVed WR
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diVlRcaWe PaWeUial aWWached WR iW, Whe RQl\ WhiQg WhaW elXWeV Rĳ Rf Whe cRlXPQ iV Whe TaX SURWeiQ.

IWŖV VhRZQ WhaW XViQg WhiV aĴQiW\-Wag SXUiıcaWiRQ WechQiTXe WR SXUif\ SURWeiQ RXW Rf cUXde VaPSleV

iV highl\ eĴcieQW; SSeciıcall\ XViQg Whe HiV-Wag WechQiTXe SURYideV gRRd \ieldV eYeQ ZheQ XViQg

aQ iQe[SeQViYe aQWibRd\ SXUiıcaWiRQ SUacWice (LichW\ eW al. 2005).

OQe Rf Whe PajRU cRQceUQV Ze had ZiWh Whe aĴQiW\-Wag WechQiTXe iV WhaW RQce Whe SXUe

SURWeiQ iV e[WUacWed fURP Whe bacWeUial cXlWXUe, Ze ZeUe QRW VXUe ZhaW Whe HiV-WagŖV eĳecW ZRXld

be RQ Whe SURWeiQŖV fXQcWiRQaliW\ aQd VWUXcWXUal cRQfRUPaWiRQ. AVVa\V SeUfRUPed RQ a ViPilaU

iQWUiQVicall\ diVRUdeUed SURWeiQ, FUS ZiWh Whe HiV-Wag, VhRZed VRPe diĳeUeQceV iQ UeVXlWV ZiWh

Whe Wag YeUVXV QR Wag aW all (BRck eW al. 2020). LiTXid-liTXid ShaVe VeSaUaWiRQ e[SeUiPeQWV XViQg

Wagged aQd XQWagged FUS VhRZed WhaW Whe HiV-Wag eQhaQced Whe SURSeQViW\ Rf Whe SURWeiQ WR

ShaVe VeSaUaWe, aceW\laWed RU XQaceW\laWed (BRck eW al, 2020). WiWhal, aWWePSWV ZeUe Pade WR

cleaYe Rĳ Whe HiV-Wag XViQg a TEV SURWeaVe eQ]\Pe, ViQce Whe TaX-Wagged SURWeiQ caUUieV a TEV

eSiWRSe beWZeeQ Whe C-WeUPiQi aQd Whe HiV-Wag. HRZeYeU, cRPPeUciall\ aYailable TEV SURWeaVe

iV QRW aW a cRQceQWUaWiRQ WhaW iW ZRXld be eĳecWiYe aW cleaYiQg Rĳ Whe WagV RQ all Whe SURWeiQV iQ

RXU highl\ cRQceQWUaWed elXeQW. AlWeUQaWiYe eĳRUWV WXUQed WR SURdXciQg TEV SURWeaVe iQ Whe lab,

hRZeYeU Whe TEV SURWeaVe SlaVPid RQ haQd ZaV QRW iQdXcible iQ WUaQVfRUPed DE3 E. cRli cellV.

OQ Whe cRQceQWUaWiQg eQd, elXeQW cRQceQWUaWiRQ ZaV VXcceVVfXl. High ValW elXWiRQV Rf

TaX-Wagged SURWeiQ ZaV TCA SUeciSiWaWed, Zhich allRZed fRU Whe aliTXRWaWiRQ Rf SURWeiQ iQWR

laUge TXaQWiWieV Rf iQdiYidXal PicURceQWUifXge WXbeV, Zhich RQ aYeUage Ueached abRXW 0.5-1 Pg/Pl

Rf SURWeiQ fRU each WXbe.

E[SHULPHQWV

UViQg SXUe TaX fURP Whe Qickel cRlXPQ SXUiıcaWiRQ, aVVa\V ZeUe VWill caUUied RXW fRU

SUeliPiQaU\ UeVXlWV. The ıUVW aggUegaWiRQ aVVa\ ZaV aQ XQiQWeQWiRQal PeWhRd Rf fRUPiQg

SUeciSiWaWeV Rf aggUegaWed TaX baVed RQ cRQceQWUaWiQg high ValW elXeQW Rf TaX XViQg dial\ViV. The

leVV ValW aQd iPida]Rle SUeVeQW iQ Whe dial\ViV bag UeVXlWV iQ clRVeU iQWeUacWiRQV beWZeeQ

TaX-Wagged SURWeiQV. BaVed RQ Whe glRbXlaU VWUXcWXUe Rf TaX, Whe SUiRQ QaWXUe Rf Whe SURWeiQ

allRZV fRU PRUe aQd PRUe VcaĳRldV WR fRUP beWZeeQ TaX SURWeiQV aV Zell aV Whe fRUPaWiRQ Rf

laUgeU aggUegaWeV Whe lRQgeU iW dial\]eV (Fig. 5B).
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UViQg Whe WXbXliQ SRl\PeUi]aWiRQ aVVa\ WR lRRk aW Whe h\SRWheViV fURP Whe fXQcWiRQal

SeUVSecWiYe, iQiWial UeVXlWV ZeUe QRW VigQiıcaQW. HRZeYeU, WheUe iV a fRld iQcUeaVe diĳeUeQce iQ Whe

UaWe Rf SRl\PeUi]aWiRQ beWZeeQ Whe aceW\laWed TaX aQd XQaceW\laWed TaX SURWeiQ. AceW\laWiRQ

VeePV WR SURPRWe Whe WXbXliQ SRl\PeUi]aWiRQ abiliW\ Rf TaX. IW iV Vafe WR aVVXPe WheUe iV a

SRVVibiliW\ WhaW VigQiıcaQW UeVXlWV ZeUe QRW aWWaiQed becaXVe Rf Whe cRQceQWUaWiRQ Rf TaX beiQg

XVed. ThURXgh cRQViVWeQW SURbiQg Rf TCA SUeciSiWaWed TaX SURWeiQ, aliTXRWV did QRW cRQWaiQ Whe

VaPe aPRXQW Rf SURWeiQ. The cRQceQWUaWiRQV UaQged fURP 12-40 XM, WhiV cRXld alWeU UeVXlWV fURP

WUial WR WUial ZheQ QeZ aliTXRWV Rf SURWeiQ aUe beiQg XVed fRU each WUial aVVa\. FXUWheUPRUe, baVed

RQ Whe SDS PAGE Rf Whe TaX VaPSleV XVed fRU Whe aVVa\, TaX iVQŖW Whe RQl\ SURWeiQ SUeVeQW iQ

WheVe VaPSleV (Fig. 5E). PURWeiQV Rf lRZeU PRlecXlaU ZeighWV aUe iQ Whe VaPSleV, aQd WhRVe

SURWeiQ baQdV cRXld UeSUeVeQW fUagPeQWV Rf TaX UeVXlWiQg fURP PiVWUeaWPeQW Rf VRlXbili]ed

VaPSleV. ThiV WheRU\ caQ SRWeQWiall\ be VXSSRUWed becaXVe YiVXali]aWiRQ Rf aQRWheU VRlXbili]ed

TCA SUeciSiWaWed VaPSle VhRZed diVWiQcW aPRXQWV Rf VPeaUiQg WhaW cRXld be degUadaWiRQ (Fig.

4D) . ThRVe lRZeU kda SURWeiQ baQdV caQ alVR UeSUeVeQW SURWeiQV fURP Whe cUXde l\VaWe VaPSle

WhaW ZaV QRW SXUiıed fURP Whe TaX SURWeiQ XViQg Whe Nickel cRlXPQ iQ Whe SXUiıcaWiRQ.

FXWXUH GLUHFWLRQV

The SXUiıcaWiRQ PeWhRdRlRg\ XVed WR RbWaiQ SXUe TaX QeedV WR be PRdiıed WR bUiQg abRXW

cRQViVWeQW aQd cleaQ VaPSleV Rf SURWeiQ WhaW caQ be XVed iQ Whe SRl\PeUi]aWiRQ aVVa\ aQd fXWXUe

e[SeUiPeQWV. MRdiıcaWiRQV iQclXde dRiQg 2 UXQV Rf Whe chURPaWRgUaSh\ SXUiıcaWiRQ VWeS; The

ıUVW UXQ Zill be dRQe XViQg Whe Qickel cRlXPQ aQd Whe VecRQd UXQ Zill be dRQe XViQg aQ

iRQ-e[chaQge CRlXPQ. The HiV-Wag RQ Whe TaX SURWeiQ cRQWaiQV SRViWiYel\ chaUged hiVWidiQe

UeVidXeV WhaW Zill biQd WR Whe iRQ-e[chaQge cRlXPQ diĳeUeQWl\ WheQ Whe RWheU UePQaQW SURWeiQV iQ

Whe VaPSle WhaW Pa\ haYe had VRPe aĴQiW\ WR Whe Qickel cRlXPQ. SR ZheQ SURWeiQV elXWe Rĳ Rf

Whe IRQ-e[chaQge cRlXPQ Whe\ Zill dR VR aW diĳeUeQW WiPeV baVed RQ WheiU diĳeUeQce iQ chaUge aQd

WheUefRUe aĴQiW\ (NakaWaQi eW al. 2012). TheVe SURWeiQV Zill be deWecWed WhURXgh Whe UV deWecWRU.

FUacWiRQiQg VaPSleV dXUiQg Whe elXWiRQ VWeS fURP diĳeUeQW UV SeakV aW diĳeUeQW WiPe SRiQWV, aQd

YiVXali]iQg WhRVe VaPSleV b\ SDS-PAGE caQ feaVibl\ diVSla\ a ceUWaiQ UV fUacWiRQ WhaW RQl\

cRQWaiQV Whe aceW\laWed RU XQaceW\laWed TaX SURWeiQ baQd. TheQ baVed RQ Whe SDS-PAGE,
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ideQWif\iQg Whe WiPe SRiQW ZheUe Whe TaX SURWeiQ alRQe elXWeV Rĳ Rf Whe IRQ-e[chaQge cRlXPQ

cRXld SURYide cleaQeU aQd highl\ cRQceQWUaWed VaPSleV Rf SXUe TaX.

CRQWiQXiQg WR WURXbleVhRRW Whe HiV-Wag UePRYal VWeS XViQg a TEV SURWeaVe iV VigQiıcaQWl\

QeceVVaU\ fRU RXU SXUe TaX 1-100 SURWeiQ, UaWheU WhaQ fXll leQgWh TaX. TaX 1-100ŖV SXUSRVe iV

SUiPaUil\ fRU Whe VWUXcWXUal aQal\ViV Rf Whe N-WeUPiQal UegiRQ Rf Whe TaX SURWeiQ, VR ZiWh a

SRViWiYel\ chaUged Wag aWWached WR VXch a VPall SURWeiQ iW cRXld dUaVWicall\ aĳecW Whe NMR aQd

CD aQal\ViV WhaW cRXld SRWeQWiall\ be dRQe. TheVe W\SeV Rf aQal\ViV aUe SUiPaUil\ baVed RQ Whe

chePical SURSeUWieV aQd chaUgeV Rf UeVidXeV QeighbRUiQg each RWheU (HRZaUd eW al. 1998). IQ

WeUPV Rf Whe fXll leQgWh TaX, XViQg Whe TEV SURWeaVe RQ WhiV SURWeiQ iV QRW eQWiUel\ QeceVVaU\,

becaXVe Whe HiV-Wag iV QRW QeaU Whe PicURWXbXle biQdiQg dRPaiQ Zhich iV ZhaW TaX XVeV WR caUU\

RXW iWV fXQcWiRQV aQd aggUegaWiRQ.

MajRUiW\ Rf Whe UeVeaUch dRQe RYeU Whe cRXUVe Rf 4 \eaUV fRcXVed RQ SeUfecWiQg a

SXUiıcaWiRQ WechQiTXe WhaW caQ be XVed WR SURYide Whe SRVVibiliW\ fRU bRWh Whe VWUXcWXUal aQd

fXQcWiRQal aQal\ViV Rf TaX. ThRXgh WheUe aUe VRPe PRdiıcaWiRQV aQd fXUWheU iQYeVWigaWiRQ

Qeeded, VRPe Rf Whe fXQcWiRQal aVVa\V WhaW caQ be dRQe iQ Whe fXWXUe aUe WXbXliQ biQdiQg aVVa\V

aQd aggUegaWiRQ aVVa\V. TheVe WZR aVVa\V aUe a ke\ addiWiRQ WR Whe SRl\PeUi]aWiRQ e[SeUiPeQW

SeUfRUPed becaXVe RQe caQ deciSheU Whe eĳecWV Rf N-WeUPiQal aceW\laWiRQ RQ TaXŖV aĴQiW\ WR

WXbXliQ aQd iWV SRl\PeUi]aWiRQ ZheQ \RX cRPSaUe aVVa\ UeVXlWV. FXUWheU aQal\ViV Rf aggUegaWeV

XViQg aQ aggUegaWiRQ aVVa\ caQ alVR VhRZ Whe eĳecW Rf aceW\laWiRQ. OQ WhaW VaPe QRWe, XViQg

aggUegaWeV WhaW Pa\ fRUP fURP Whe aggUegaWiRQ aVVa\ iQ Whe SRl\PeUi]aWiRQ aQd biQdiQg aVVa\V

caQ SURYide ke\ iQfRUPaWiRQ RQ hRZ aceW\laWed aQd XQaceW\laWed aggUegaWeV aĳecW WXbXliQ

SRl\PeUi]aWiRQ aQd VWabili]aWiRQ. SWUXcWXUal aQal\ViV like NMR aQd CD Rf bRWh Whe FL TaX aQd

eVSeciall\ TaX 1-100, cRXld UeYeal a QeZ cRQceSW RQ a PechaQiVP behiQd Whe d\QaPicV Rf

aggUegaWeV ZiWh Whe added bRQXV RQ hRZ N-WeUPiQal aceW\laWiRQ aĳecWV WhaW PechaQiVP. OYeUall,

WhiV iV all Sh\ViRlRgicall\ UeleYaQW becaXVe Whe d\QaPic Rf TaX aggUegaWeV iV ZhaW dUiYeV

TaXRSaWhieV. TheUefRUe ıQdiQg RXW hRZ N-WeUPiQal aceW\laWiRQ aĳecWV TaXŖV aggUegaWiRQ, WXbXliQ

biQdiQg, aQd WXbXliQ SRl\PeUi]aWiRQ WhURXgh VWUXcWXUal aQd fXQcWiRQal aVVa\V caQ SRWeQWiall\ lead

WR aQRWheU WheUaSeXWic WUeaWPeQW WhaW caQ be XVed WR WUeaW a laUge claVV Rf QeXURdegeQeUaWiYe

diVeaVeV.
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B. C. D.
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FLJXUH 1. A. SFKHPDWLF RI WKH CORQLQJ PURFHVV IRU FXOO LHQJWK TDX DQG TDX-100 LQWR PHW22
YHFWRUV. B. PCR CRQVWUXFW SFUHHQ RI FXOO LHQJWK TDX CRQVWUXFW. To ensure that the PCR
performed was successful a DNA Agarose Gel was used to visuali]e the presence of the
desired Full Length Tau constructs with the designated forward and reverse primers with Xho1
and Nde1 cut sites. C. DLJHVW SFUHHQ RI TDX 1-100 CORQHV RI 9DU\LQJ LLJDWLRQ RDWLRV
(CRQVWUXFW WR 9HFWRU). Selected colonies from the 5:1, 7:1, and 5:1 ligation transformations
were grown up into 3 ml cultures. The DNA from each of the cultures was e[tracted and a the
DNA plasmids were digested to check for the correct insert construct, Tau 1-100. The digests
were ran through an agarose gel in 1X TAE Buffer, and visuali]ed b\ UV. D. DLJHVW SFUHHQ RI
FXOO LHQJWK TDX CORQHV IRU D 5:1 LLJDWLRQ RDWLR. Selected colonies from the 5:1 ligation
transformations were grown up into 3 ml cultures. Same procedure from Figure 1B was
performed.
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FLJXUH 2. SLQJOH DQG DRXEOH TUDQVIRUPDWLRQ LQ EFROL PURNDU\RWLF S\VWHP. A. SLQJOH
TUDQVIRUPDWLRQ ZLWK FXOO LHQJWK TDX . Transformation was done using DE3 competent E. cROL
cells and Full-length Tau PET22 His-tag vectors (FL-T PET22) that encoded a ampicillin
cassette for plasmid selection under conditions described in the Materials and Methods section.
Transformed cells were plated on Luria Broth (LB) Agar plates that contained ampicillin. B.
SLQJOH TUDQVIRUPDWLRQ ZLWK TDX 1-100. Transformation was done using DE3 competent E. cROL
cells and Tau 1-100 PET22 His-tag vectors (T-100 PET22) that encoded an ampicillin cassette
for plasmid selection under conditions described in Materials and Methods. Transformed cells
were plated on LB Agar plates that contained ampicillin. C. DRXEOH TUDQVIRUPDWLRQ ZLWK FXOO
LHQJWK TDX DQG NDW A FRPSOH[. Transformation was done using DE3 competent E. cROL cells
and FL-T PET22 and a Nat A comple[ construct (HB45) that encoded a chloramphenicol
cassette for plasmid selection under conditions described in the Materials and Methods. D.
DRXEOH TUDQVIRUPDWLRQ ZLWK TDX 1-100 DQG NDW A FRPSOH[. Transformation was done using
DE3 competent E. cROL cells and T-100 PET22 and HB45 that encoded a chloramphenicol
cassette for plasmid selection under conditions described in the Materials and Methods.
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FLJXUH 3. IQGXFWLRQ RI DE3 CHOOV TUDQVIRUPHG ZLWK FL-T DQG T-100 CRQVWUXFWV. 2 aliquots
of 5 ml cultures of Full Length Tau and Tau-100 were induced with IPTG for a 1 hr induction
period. A third 5 ml culture of Tau-100 was induced with IPTG for a 24 hr induction period. 1 ml
of each culture was l\sed b\ boiling, ran through a 4-20%  Coomassie blue SDS-PAGE, and
visuali]ed b\ Coomassie Blue.
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FLJXUH 4. PXULILFDWLRQ SFKHPH ZLWK FPLC HLV-CROXPQ MHWKRG: TDX 1-100 DQG FL TDX
PXULILFDWLRQ ZLWK 3L IQGXFWLRQ DQG CKURPDWRJUDSK FRPSDULVRQ RI 9DU\LQJ IQGXFWLRQ
9ROXPHV. A. 3L PXULILFDWLRQ RI TDX 1-100. 15% Coomassie blue SDS-PAGE was used to
visuali]e  each step of the purification. 20 uL samples of the 3L induction of acet\lated Tau-100,
l\sed product, boiled product. 20 uL samples  from each step of the Fast Protein Liquid
Chromatograph\ (FPLC) run was taken; Flowthrough, wash, and elution were sampled. B.
CKURPDWRJUDSK RI 3L TDX 1-100 NLFNHO CROXPQ PXULILFDWLRQ. The chromatograph of a 3L
culture of induced Tau-100 demonstrates the nickel column purification process which includes
washing appro[ 50 ml of acet\lated Tau-100 protein of impurities with low salt Buffer A (50 mM
Tris pH 9.0 50 mM NaCl) once injected into the column, and eluting the pure protein off of the
column with a high salt Buffer B (50 mM Tris pH 9.0 50 mM NaCl). The eluted protein passes
through a UV detector, a chromatograph containing UV peaks of material passing through the
detector were integrated. C. CKURPDWRJUDSK RI 2L TDX 1-100 NLFNHO CROXPQ PXULILFDWLRQ.
The chromatograph of a 2L culture of induced Tau-100 that underwent the same nickel column
purification as in B. D. 2L PXULILFDWLRQ RI FL TDX. An 8% Coomassie blue SDS-PAGE was used
to visuali]e each step of the purification of a 3L. Sample prep was the same. E.
CKURPDWRJUDSK RI 3L FL TDX NLFNHO CROXPQ PXULILFDWLRQ. The chromatograph of a 3L culture
of induced full length Tau whose boiled l\sates underwent nickel column purification using the
ACORN FPLC, same as B. F. CKURPDWRJUDSK RI 2L RI FL TDX NLFNHO CROXPQ PXULILFDWLRQ.
The chromatograph of a 2L culture of induced full length Tau whose boiled l\sates underwent
nickel column purification using the ACORN FPLC, same as B.
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FLJXUH 5. TDX AJJUHJDWLRQ DQG TXEXOLQ PRO\PHUL]DWLRQ PUHOLPLQDU\ E[SHULPHQWV. (A). 96
well plates contained full length Tau, heparin, Thioflavin T, DTT, and aggregation buffer bringing
the reaction volume for each well to 200 ul. Using Real-Time PCR the aggregation of Tau was
observed over the course of 0-1 hr. (B). Microscop\ images of acet\lated Tau aggregates were
obtained b\ using a dial\sis bag stirring in 50 mM phosphate buffer that contained eluted
acet\lated Tau. The formation of visible aggregates was observed over the course of 72 hours.
Bovine Serum Albumin served as a negative control.C. TXEXOLQ PRO\PHUL]DWLRQ AVVD\. Using a
96 well plate and Bios\stems plate reader, each well reaction contained 110 uL reactions. For
the positive control, a tubulin pol\meri]ation promoter paclita[el was used. For the protein
samples, Tau and acet\lated Tau was solubili]ed overnight in G-PEM buffer. The overall assa\
took 30 minutes with readings ever\ 30 seconds at 340 nm. D. LLQH GUDSK RI PRVLWLYH CRQWURO
LQ TXEXOLQ PRO\PHUL]DWLRQ AVVD\. Change in O.D. for the positive control wells in the tubulin
pol\meri]ation assa\s 1 and 2 recorded over a 30 minute period. E. TXEXOLQ PRO\PHUL]DWLRQ
PURWHLQ SDPSOH GHO. Visuali]ation of overnight solubili]ed Tau and acet\lated Tau samples
using 4-20% Coomassie Blue SDS-PAGE.
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