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WaLO aW RQe SROe (FLgXUe 1).4 HeUe, WKe SRO\PeUL]aWLRQ Rf 
KRVW PLcURfLOaPeQWV SURSeOV WKeP WKURXgK WKe c\WRVRO 
aQd cRQWULbXWeV WR dLVVePLQaWLRQ.4 

 
TKe KRVW c\WRVRO cRQWaLQV a deQVe QeWZRUN Rf PLcURWX-
bXOeV (MT) WKaW SURYLde VWUXcWXUaO VXSSRUW WR WKe ceOO.4 
IQWUaceOOXOaU PLcURRUgaQLVPV, VXcK aV SKLJeOOa, ZRXOd 
be XQabOe WR QaYLgaWe WKLV PeVK-OLNe aUcKLWecWXUe Lf QRW 
fRU VSecLaOL]ed SURWeLQV WKaW SUeYeQW WKeP fURP be-
cRPLQg WUaSSed.5  IQ a SURceVV caOOed WXQQeOLQg, MT-
deVWabLOL]LQg SURWeLQV deVWUR\ LPPedLaWe MTV aQd 
cOeaU a SaWK WKaW SKLJeOOa VXbVeTXeQWO\ WUaYeO WKURXgK 
(FLgXUe 2).4 

 
TKeUe KaYe beeQ VeYeUaO e[SeULPeQWV e[aPLQLQg SKL-
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The role of stathmin microtubule-destabiliǌing actiǀitǇ in Shigeůůa ŇeǆŶeƌi 
motilitǇ and tunneling 

SKLJeOOa eQcRPSaVVeV VeYeUaO LQWUaceOOXOaU bacWeULa, 
VXcK aV SKLJeOOa fOe[QeUL, WKaW LQYade KXPaQ LQWeVWLQaO 
eSLWKeOLaO ceOOV (IECV) aQd caXVe LQfOaPPaWLRQ aQd de-
VWUXcWLRQ Rf WKe LQWeVWLQaO PXcRVa.1 ReVXOWLQg V\PS-
WRPV LQcOXde VWRPacK cUaPSV, XOceUV, bOeedLQg, aQd 
VeYeUe dLaUUKea.2 TKe WRUOd HeaOWK OUgaQL]aWLRQ eVWL-
PaWeV WKaW aSSUR[LPaWeO\ 190 PLOOLRQ caVeV Rf gaVWUR-
eQWeULWLV ZeUe caXVed b\ VKLgeOORVLV LQ 2010, PaNLQg 
WKLV LQfecWLRQ a YeU\ VeULRXV gORbaO KeaOWK cRQceUQ.3 A 
XQLTXe feaWXUe Rf SKLJeOOa LV WKeLU PeWKRd Rf PRYe-
PeQW ZLWKLQ LQfecWed ceOOV, aV WKe\ aUe caSabOe Rf Pa-
QLSXOaWLQg KRVW-ceOO acWLQ d\QaPLcV WR fRUP a cRPeW 
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TKe LQfecWLRQ Rf WKe LQWeVWLQaO PXcRVa b\ SKLJeOOa bacWeULa LV a gORbaO KeaOWK LVVXe UeVXOWLQg LQ a YaULeW\ Rf SRWeQ-
WLaOO\ OLfe-WKUeaWeQLQg gaVWURLQWeVWLQaO cRPSOLcaWLRQV. TKeLU XQLTXe PeWKRd Rf LQWUaceOOXOaU PRWLOLW\ deSeQdV RQ 
PLcURWXbXOe deVWabLOL]aWLRQ WR cOeaU WKe deQVe KRVW c\WRVNeOeWaO QeWZRUN LQ a SURceVV caOOed WXQQeOLQg. IW LV K\-
SRWKeVL]ed WKaW WKe KRVW SURWeLQ VWaWKPLQ Pa\ SOa\ a UROe LQ WKLV SURceVV, dXe WR LWV WXbXOLQ-VeTXeVWeULQg caSabLO-
LW\. TKLV SURSRVaO aLPV WR SURYLde SRWeQWLaO PeWKRdRORgLeV WR eOXcLdaWe WKe fXQcWLRQ Rf VWaWKPLQ ZLWK UeVSecW WR 
SKLJeOOa fOe[QeUL PRWLOLW\. TKUee e[SeULPeQWV aUe SURSRVed, LQYROYLQg cRPSaULVRQV beWZeeQ KXPaQ LQWeVWLQaO eS-
LWKeOLaO ceOO VWUaLQV XQdeU YaU\LQg OeYeOV Rf VWaWKPLQ e[SUeVVLRQ, eacK LQfecWed ZLWK S. fOe[QeUL. ReVSecWLYeO\, WKe 
e[SeULPeQWV e[aPLQe WXQQeO ZLdWKV YLa eOecWURQ PLcURVcRS\, PLcURWXbXOe deQVLWLeV YLa LPagLQg fOXRUeVceQce cRU-
UeOaWLRQ VSecWURVcRS\, aQd bacWeULaO PRYePeQW SaWWeUQV YLa OLYe fOXRUeVceQce PLcURVcRS\. If PLcURWXbXOe deVWabL-
OL]aWLRQ aQd PRYePeQW LV LPSaLUed LQ QXOO VWaWKPLQ VWUaLQV, aV SUedLcWed, VXcK fLQdLQgV Pa\ LQfRUP a QRYeO WKeUa-
SeXWLc WaUgeW fRU VKLgeOORVLV b\ SUeYeQWLQg LQWeUQaO VSUeadLQg. TKLV LV SaUWLcXOaUO\ VLgQLfLcaQW LQ RXU cXUUeQW OaQd-
VcaSe, aV aQWLbLRWLc-UeVLVWaQW VWUaLQV Rf SKLJeOOa aUe gURZLQg LQcUeaVLQgO\ SUeYaOeQW. 
 
Ke\Zords: SKLJeOOa fOe[QeUL, VWaWKPLQ, PLcURWXbXOe deVWabLOL]aWLRQ, WXQQeOLQg 

ABSTRACT 

INTRODUCTION 

ϭϴ JanƵarǇ ϮϬϮϭ 
Ϯϵ JanƵarǇ ϮϬϮϭ 
ϭϮ April ϮϬϮϭ 

Receiǀed 
Accepƚed 
PƵbliƐhed 

SKLgeOORVLV, aQ LQfecWLRQ b\ SKLJeOOa bacWeULa, caXVeV PaQ\ KaUPfXO aQd SRWeQWLaOO\ daQgeURXV V\PSWRPV. SKLJeO-
Oa eQWeU ceOOV WKaW OLQe WKe KXPaQ LQWeVWLQaO WUacW aQd WUaYeO WKURXgK WKe c\WRVRO. TKLV eQYLURQPeQW cRQWaLQV ORQg, 
WKLcN RbVWacOeV caOOed PLcURWXbXOeV WKaW fRUP a deQVe QeWZRUN aQd SURYLde VWUXcWXUaO VXSSRUW WR WKe ceOO. IQ RUdeU 
WR cOeaU a SaWK aQd WXQQeO WKURXgK, SKLJeOOa XVe PLcURWXbXOe-deVWUR\LQg SURWeLQV. IW LV SRVVLbOe WKaW WKe KRVW SUR-
WeLQ VWaWKPLQ Pa\ be LQYROYed LQ WKLV SURceVV, VLQce LW LV NQRZQ WR deVWabLOL]e PLcURWXbXOeV. TKLV SURSRVaO RXW-
OLQeV WKUee e[SeULPeQWV WR deWeUPLQe VWaWKPLQ’V UROe LQ WXQQeOLQg, eacK LQYROYLQg WKe LQfecWLRQ aQd cRPSaULVRQ Rf 
QRUPaO aQd VWaWKPLQ-OacNLQg KRVWV. TKe e[SeULPeQWV e[aPLQe WXQQeO ZLdWKV, PLcURWXbXOe deQVLWLeV aQd bacWeULaO 
PRYePeQW SaWWeUQV LQ eacK VWUaLQ. IW LV e[SecWed WKaW PLcURWXbXOe deVWabLOL]aWLRQ aQd PRYePeQW ZLOO be LPSaLUed 
ZKeQ VWaWKPLQ LV abVeQW. SLQce aQWLbLRWLc UeVLVWaQce LQ SKLJeOOa LV becRPLQg PRUe cRPPRQ aQd VWaWKPLQ Pa\ be 
cUXcLaO fRU PRYePeQW aQd VXbVeTXeQW VSUeadLQg, WKe fLQdLQgV Rf WKLV SURSRVed VWXd\ cRXOd SURYLde aQ LPSRUWaQW, 
QeZ WUeaWPeQW WaUgeW. 

SUMMARY 
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gella PRWLOLW\ aQG LWV abLOLW\ WR WXQQHO WKURXJK F\WR-
SOaVPLF QHWZRUNV. YRVKLGa HW aO. GHPRQVWUaWHG WKaW 
Shigella LQ ZLOG W\SH (WT) QRFRGa]ROH-WUHaWHG KRVWV 
GLVSOa\ OLQHaU PRYHPHQW SaWWHUQV, ZKHUHaV LQ XQWUHaW-
HG KRVWV, WKH\ GLVSOa\ PRYHPHQW WKaW LQYROYHV RFFa-
VLRQaO FKaQJHV LQ GLUHFWLRQ aQG a VOLJKW ]LJ]aJ SaWWHUQ.4 
DXH WR WKH MT-GHVWabLOL]LQJ aFWLYLW\ RI QRFRGa]ROH, WKH 
H[SHULPHQW VLJQLILHV WKaW MTV VHUYH aV baUULHUV WR LQ-
WUaFHOOXOaU Shigella PRWLOLW\. FXUWKHUPRUH, ZKHQ WKH 
VaPH SURFHGXUH ZaV UHSHaWHG IRU QXOO VLUA baFWHULa, 
Shigella PRYHPHQW KaOWHG, aV VLUA LV a MT GHVWabL-
OL]HU.4 TKLV GHPRQVWUaWHV WKH QHFHVVLW\ RI WXQQHOLQJ 
aQG MT GHVWabLOL]aWLRQ IRU aGHTXaWH S. fle[neri PRWLOL-
W\. 
 
TKH baFWHULaO SURWHaVH, VLUA, PRGXOaWHV KRVW FHOO F\WR-
aUFKLWHFWXUaO UHPRGHOLQJ GXULQJ LQIHFWLRQ.4 TXQQHOLQJ 
Pa\ bH VLPLOaUO\ LQIOXHQFHG b\ RWKHU MT GHVWabLOL]HUV, 
LQFOXGLQJ WKH KRVW SURWHLQ VWaWKPLQ, ZKLFK LV NQRZQ WR 
VHTXHVWHU IUHH WXbXOLQ GLPHUV QHHGHG IRU SRO\PHUL]a-
WLRQ.6 AGGLWLRQaOO\, VWaWKPLQ LV UHFUXLWHG WR WKH baFWH-
ULaO VXUIaFH GXULQJ Shigella LQIHFWLRQ, VXJJHVWLQJ LW aV a 
SOaXVLbOH FRQWULbXWRU WR WXQQHOLQJ.4 IQ WKH KRVW, WKH 
QRUPaO IXQFWLRQ RI VWaWKPLQ LV WR HQKaQFH FHOO GLIIHU-
HQWLaWLRQ, JURZWK, aQG FHOO PRbLOLW\.7 

 

LiVWeria monoc\WogeneV LV a baFWHULXP ZLWK a VLPLOaU 
PHFKaQLVP RI LQIHFWLRQ aQG PRWLOLW\ WKaW aOVR UHFUXLWV 
VWaWKPLQ.8 DHVSLWH QRW H[KLbLWLQJ WXQQHOLQJ, MT GHQVL-
W\ VXUURXQGLQJ L. monoc\WogeneV KaV bHHQ VKRZQ WR 
LQFUHaVH LQ VWaWKPLQ-GHSOHWHG KXPaQ FRORUHFWaO FHOOV.8 
IQ aGGLWLRQ, WKHVH baFWHULa H[KLbLWHG VLJQLILFaQWO\ LP-
SHGHG VSHHG.8 TKLV SURYLGHV HYLGHQFH WKaW VWaWKPLQ 
GHVWabLOL]HV MTV aQG IaFLOLWaWHV LiVWeria PRYHPHQW 
WKURXJK WKH F\WRVNHOHWaO PaWUL[, bXW ZKHWKHU LW LV LQ-
YROYHG LQ WKH VaPH SURFHVV aQG WXQQHOLQJ GXULQJ S. 
fle[neri LQIHFWLRQ UHTXLUHV HOXFLGaWLRQ. 
 
AQ HVWLPaWHG 164 000 IaWaOLWLHV, aVVRFLaWHG ZLWK VKL-
JHOORVLV, aUH UHFRUGHG aQQXaOO\.9 TUHaWPHQW RI baFWHULaO 
LQIHFWLRQV UHO\ RQ aQWLbLRWLFV; ZH aUH aOVR aFXWHO\ aZaUH 
RI JURZLQJ FRQFHUQV aVVRFLaWHG ZLWK aQWLPLFURbLaO UH-
VLVWaQFH (AMR). LLPLWaWLRQV LQ WUHaWPHQW H[LVW GXH WR 
WKH LQFUHaVLQJ SUHYaOHQFH RI PXOWL-GUXJ UHVLVWaQW 
VWUaLQV RI Shigella.10 AOWHUQaWLYH WKHUaSLHV Pa\ bH UH-
TXLUHG LI AMR UHQGHUV VWaQGaUG WUHaWPHQWV LQHIILFa-
FLRXV. CKaUaFWHUL]aWLRQ RI VWaWKPLQ’V LQIOXHQFH RQ S. 
fle[neri LQIHFWLRQ Pa\ SURYLGH aQ aOWHUQaWLYH WUHaW-
PHQW IRU VKLJHOORVLV. II H[SUHVVLRQaO GLIIHUHQFHV LQ 
VWaWKPLQ LQIOXHQFH baFWHULaO PRWLOLW\ aQG IROORZ-XS 
H[SHULPHQWaWLRQ SURYLGHV HYLGHQFH RI aVVRFLaWHG LP-
SOLFaWLRQV LQ SaWKRJHQHVLV, VWaWKPLQ Pa\ SURYLGH a 
QRYHO WKHUaSHXWLF WaUJHW IRU VKLJHOORVLV. SSHFLILFaOO\, 
PRGXOaWLRQ RI VWaWKPLQ aFWLYLW\ LQWUaFHOOXOaUO\ Pa\ 
SUHFOXGH HIILFLHQW PRWLOLW\, ZKLFK LV QHFHVVaU\ IRU WKH 
GLVVHPLQaWLRQ RI S. fle[neri ZLWKLQ WLVVXHV aQG WKH LQ-
WHUQaO VSUHaG RI LQIHFWLRQ.1 

 
WH SURSRVH WKUHH H[SHULPHQWV bHORZ WR VWXG\ VWaWK-
PLQ’V UROH LQ WXQQHOLQJ. EaFK H[aPLQHV IaFWRUV UHOaWHG 

WR MT GHVWabLOL]aWLRQ aQG S. fle[neri PRWLOLW\ XQGHU 
GLIIHULQJ OHYHOV RI VWaWKPLQ H[SUHVVLRQ. E[SHULPHQWV 
RQH aQG WZR aQaO\]H WXQQHO ZLGWKV aQG ORFaO MT GHQ-
VLW\, UHVSHFWLYHO\, WR HVWabOLVK VWaWKPLQ’V UROH LQ MT 
FOHaUaQFH aQG GHVWabLOL]aWLRQ. E[SHULPHQW WKUHH LQYHV-
WLJaWHV PRYHPHQW SaWWHUQV aW OaUJH, WR LGHQWLI\ ZKHWKHU 
VWaWKPLQ IaFLOLWaWHV PRYHPHQW WKURXJK MT RbVWaFOHV. 

FigXUe 1. The Shigella cRmeW Wail. DXULQJ LQIHF-
WLRQ, KRVW aFWLQ PRQRPHUV aUH UHFUXLWHG aQG SRO\PHU-
L]H aW RQH SROH RI Shigella. MRYHPHQW LV IaFLOLWaWHG b\ 
SRO\PHUL]LQJ aFWLQ ILOaPHQWV WKaW aSSO\ a IRUFH, SUR-
SHOOLQJ WKH baFWHULXP IRUZaUG. TKH FROOHFWLRQ RI WUaLO-
LQJ ILOaPHQWV LV NQRZQ aV WKH FRPHW WaLO. 

FigXUe 2. Shigella WXnnelling WhURXgh Whe hRVW 
MT maWUi[. PLFWXUHG LV Shigella’V GHVWabLOL]aWLRQ RI 
WKH KRVW’V GHQVH QHWZRUN RI MTV LQ RUGHU WR PRYH 
WKURXJK WKH F\WRVRO. MT-GHVWabLOL]LQJ SURWHLQV aUH 
XVHG WR GHVWUR\ QHaUb\ PLFURWXbXOHV aQG FOHaU a SaWK. 
TKLV SURFHVV LV UHIHUUHG WR aV WXQQHOOLQJ. 

DRHV VWaWKPLQ SOa\ a UROH LQ PLFURWXbXOH GHVWabLOL]a-
WLRQ aQG WXQQHOLQJ GXULQJ S. fle[neri LQIHFWLRQ? 
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ZE^EAZCH YhE^dION 



PXWDQWV VKRXOG H[KLELW QDUURZHU WXQQHOV (L.H., OHVV 
FOHDUDQFH) WKDQ FXOWXUHG FHOOV ZLWK D VWDWKPLQ JHQH 
GXSOLFDWLRQ DQG :T. CRQYHUVHO\, LQFUHDVHG H[SUHVVLRQ 
RI D MT GHVWDELOL]HU LQ WKH JHQH GXSOLFDWLRQ JURXS 
VKRXOG H[KLELW ZLGHU WXQQHOV (L.H., PRUH FOHDUDQFH) 
WKDQ FXOWXUHG FHOOV ZLWK D VWDWKPLQ QXOO PXWDWLRQ DQG 
:T.  
 
TKLV LV D UHDVRQDEOH H[SHFWDWLRQ JLYHQ SUHYLRXV UH-
VHDUFK LQYROYLQJ S. fle[neUi DQG L. monoc\WogeneV. 
<RVKLGD HW DO. GHPRQVWUDWHG WKDW WKH SUHVHQFH RI MT 
GHVWDELOL]HUV ² 9LUA DQG QRFRGD]ROH ² UHVXOWHG LQ WKH 
FOHDUDQFH RI MTV DQG 9LUA-LPSOLFDWHG WXQQHO ZLGWKV LQ 
S. fle[neUi-LQIHFWHG FHOOV.4 SWDWKPLQ, ZLWK MT-
GHVWDELOL]LQJ SURSHUWLHV DV ZHOO, ZDV WKHRUL]HG WR H[-
KLELW VLPLODU HIIHFWV. FXUWKHUPRUH, CRVWD HW DO. GHPRQ-
VWUDWHG WKDW VWDWKPLQ’V VHTXHVWUDWLRQ RI WXEXOLQ OHDGV 
WR GHSRO\PHUL]DWLRQ RI MTV VXUURXQGLQJ L. monoc\Wo-
geneV.8 TKHUHIRUH, LQFUHDVHG VWDWKPLQ H[SUHVVLRQ LV 
H[SHFWHG WR IXUWKHU GHVWDELOL]H EDFWHULDO-VXUURXQGLQJ 
MTV DQG IRUP ZLGHU WXQQHOV.  

PredicƟon͗ 
NXOO VWaWKPLQ KXPaQ IECV ZLOO KaYe a KLJKeU 
deQVLW\ Rf MTV QeaU S. fle[neUi dXULQJ LQfec-
WLRQ, ZKeQ cRPSaUed WR WT ceOOV.  
 
SWDWKPLQ FRQWULEXWHV WR MT GHVWDELOL]DWLRQ GXULQJ LiV-
WeUia LQIHFWLRQ; KRZHYHU, ZKHWKHU VWDWKPLQ SOD\V WKH 
VDPH UROH GXULQJ Shigella LQIHFWLRQ LV QRW ZHOO VWXGLHG. 
TKHUHIRUH, H[DPLQLQJ WKH MT GHQVLW\ QHDU Shigella 
XQGHU YDU\LQJ OHYHOV RI VWDWKPLQ H[SUHVVLRQ LV D YDOLG 
QH[W VWHS. HLJKHU GHQVLWLHV ZRXOG VLJQLI\ LPSDLUHG MT
-GHVWDELOL]DWLRQ DQG LPSOLFDWH VWDWKPLQ’V UROH LQ WKLV 
SURFHVV. TKH VDPH FRQWURO DQG H[SHULPHQWDO JURXSV 
ZLOO EH XVHG DV LQ H[SHULPHQW RQH; KRZHYHU WKLV WLPH, 
DOO IECV ZLOO DGGLWLRQDOO\ FRQWDLQ D WXEXOLQ-GFP IXVLRQ 
JHQH FRQVWUXFW IRU MT YLVXDOL]DWLRQ. 
 
FRU YLVXDOL]DWLRQ RI WKH EDFWHULD, GLUHFW LPPXQRIOXR-
UHVFHQFH ZLOO EH SHUIRUPHG. EDFK JURXS ZLOO EH LQIHFW-
HG ZLWK Shigella EDFWHULD DQG WUHDWHG ZLWK D UKRGD-
PLQH-WDJJHG DQWLERG\ IRU DQ O-DQWLJHQ (O-AJ), D FRP-
SRQHQW RI OLSRSRO\VDFFKDULGHV IRXQG H[FOXVLYHO\ LQ 
JUDP-QHJDWLYH EDFWHULD VXFK DV Shigella.11 AOO KRVW FXO-
WXUHV LQIHFWHG ZLWK Shigella ZLOO EH LQFXEDWHG DW 37RC 
IRU ILYH KRXUV EHIRUH DVVHVVPHQW.  
 
AIWHU SUHSDUDWLRQ RI WKH H[SHULPHQWDO JURXSV, WKH GHQ-
VLW\ RI MTV ZLOO EH PHDVXUHG YLD LPDJLQJ IOXRUHVFHQFH 
FRUUHODWLRQ VSHFWURVFRS\ (ICS), XVLQJ D SWHOODULV 5 FRQ-
IRFDO PLFURVFRSH. A IRFXVHG ODVHU EHDP ZLOO H[FLWH IOX-
RUHVFHQW PROHFXOHV QHDU WKH EDFWHULD DQG WKH PLFUR-
VFRSH ZLOO FDSWXUH HPLWWHG SKRWRQV, JHQHUDWLQJ D WZR-
GLPHQVLRQDO LPDJH WR UHSUHVHQW WKH IOXFWXDWLRQ RI IOXR-
UHVFHQFH LQWHQVLW\.12 AXWRFRUUHODWLRQ VRIWZDUH ZLOO WKHQ 
EH XVHG WR FDOFXODWH WKH MT GHQVLW\ IURP WKHVH IOXFWXD-

SWDWKPLQ FRQWULEXWHV WR PLFURWXEXOH GHVWDELOL]DWLRQ 
DQG WXQQHO IRUPDWLRQ GXULQJ S. fle[neUi LQIHFWLRQ.  

PredicƟon͗ 
NaUURZeU WXQQeOV ZLOO fRUP LQ QXOO VWaWKPLQ 
KXPaQ IECV LQfecWed ZLWK S. fle[neUi. 
 
SWDWKPLQ’V LQIOXHQFH RQ MT VWDELOLW\ DQG LWV EURDGHU 
UROH LQ WKH PRGXODWLRQ RI KRVW-FHOO F\WRVNHOHWDO G\QDP-
LFV LV XQGHUVWRRG; KRZHYHU, LWV LQIOXHQFH RQ Shigella 
WXQQHOLQJ UHTXLUHV IXUWKHU VWXG\. TKH ILUVW PHWKRG WKDW 
ZLOO EH XVHG LQYROYHV PHDVXULQJ WXQQHO ZLGWKV LQ LQ-
IHFWHG FHOOV XQGHU GLIIHULQJ OHYHOV RI VWDWKPLQ H[SUHV-
VLRQ, in YiWUo. :H SUHGLFW WKDW QDUURZHU WXQQHOV ZLOO 
IRUP LQ FXOWXUHG QXOO VWDWKPLQ KXPDQ IECV LQIHFWHG 
ZLWK S. fle[neUi. 
 
TKUHH JURXSV RI KXPDQ IECV ZLOO EH FXOWXUHG DQG LQ-
IHFWHG ZLWK S. fle[neUi² RQH FRQWURO JURXS DQG WZR H[-
SHULPHQWDO JURXSV. TKH FRQWURO JURXS ZLOO FRQVLVW RI 
FXOWXUHG :T KXPDQ IECV. TKH ILUVW H[SHULPHQWDO 
JURXS ZLOO FRQVLVW RI FXOWXUHG KXPDQ IEC VWDWKPLQ 
QXOO PXWDQWV DQG WKH VHFRQG ZLOO FRQVLVW RI PXWDQWV 
ZLWK D VWDWKPLQ JHQH GXSOLFDWLRQ. GHQH GXSOLFDWLRQ 
ZLOO UHSUHVHQW XSUHJXODWHG VWDWKPLQ OHYHOV. AIWHU LQIHF-
WLRQ, FXOWXUHV ZLOO EH LQFXEDWHG LQ D VXIILFLHQW PHGLXP 
DW 37RC IRU ILYH KRXUV, SULRU WR DVVHVVPHQW. 
 
AIWHU WKH LQFXEDWLRQ SHULRG, D JEOL 1200E; TEM-
SCAN HOHFWURQ PLFURVFRSH ZLOO EH XVHG WR FDSWXUH LP-
DJHV RI WKH FXOWXUHV. THQ LPDJHV RI HDFK JURXS ZLOO EH 
FDSWXUHG GXULQJ WKUHH VXFFHVVLYH LQWHUYDOV, 20 PLQXWHV 
DSDUW. DXULQJ HDFK RI WKHVH LQWHUYDOV, LPDJHV RI D PL-
FURVFRSLF UXOHU ZLOO EH FDSWXUHG DW WKH VDPH PDJQLILFD-
WLRQ WR EH XVHG WR FDOLEUDWH WKH LPDJH DQDO\VLV VRIW-
ZDUH’V PHDVXUHPHQW WRROV. PRVW-LPDJH DQDO\VLV ZLOO 
PDNH XVH RI WKH VRIWZDUH IPDJHJ WR PHDVXUH WKH DYHU-
DJH WXQQHO ZLGWKV. IPDJHJ ZLOO EH FDOLEUDWHG IRU HDFK 
VHW RI LPDJHV. 8VLQJ WKH WHQ LPDJHV RI HDFK JURXS, FRO-
OHFWHG GXULQJ HDFK LQWHUYDO, WKH WXQQHOV’ ZLGWKV ZLOO EH 
PHDVXUHG. TKH DYHUDJH WXQQHO ZLGWKV ZLOO EH FDOFXODW-
HG IRU HDFK JURXS GXULQJ HDFK LQWHUYDO. CRPSDULVRQV 
ZLOO EH PDGH EHWZHHQ HDFK RI WKH JURXSV’ UHVSHFWLYH 
DYHUDJH WXQQHO ZLGWKV IRU HDFK LQWHUYDO DQG DQDO\]HG 
IRU VWDWLVWLFDO VLJQLILFDQFH XVLQJ PULVP GUDSKPDG VRIW-
ZDUH. :H ZLOO PDNH XVH RI D WZR-WDLOHG SWXGHQW’V W-WHVW 
EHWZHHQ HDFK JURXS DQG FDOLEUDWH VLJQLILFDQFH ZLWK D S
-YDOXH OHVV WKDQ 0.05.  
 
IW LV H[SHFWHG WKDW VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFHV LQ 
DYHUDJH WXQQHO ZLGWKV ZLOO EH REVHUYHG EHWZHHQ DOO 
WKUHH JURXSV. TKH DVFHQGLQJ RUGHU RI H[SHFWHG DYHUDJH 
WXQQHO ZLGWKV LV: QXOO, :T, GXSOLFDWLRQ. SWDWKPLQ GH-
VWDELOL]HV MTV, WKHUHIRUH, KXPDQ IEC VWDWKPLQ QXOO 
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WLRQV. SWDWLVWLFDO DQDO\VHV WR GHWHUPLQH VLJQLILFDQFH LQ 
WKH UHVXOWV ZRXOG EH FRQGXFWHG XVLQJ PULVP GUDSKPDG 
VRIWZDUH. A WZR-WDLOHG SWXGHQW’V W-WHVW DQG D S-YDOXH RI 
OHVV WKDQ 0.05 ZRXOG LQGLFDWH VLJQLILFDQFH.  
 
II VWDWKPLQ LV LQYROYHG LQ MT GHVWDELOL]DWLRQ GXULQJ 
LQIHFWLRQ, WKHQ FHOOV ZLWK VWDWKPLQ ZLOO FRQWDLQ D ORZHU 
GHQVLW\ RI MTV QHDU SKLgeOOa, SURYLGLQJ HYLGHQFH IRU 
LWV UROH LQ WXQQHOLQJ. IW LV H[SHFWHG WKDW H[SHULPHQWDO 
JURXS WZR, PXWDQWV ZLWK VWDWKPLQ JHQH GXSOLFDWLRQV, 
ZRXOG KDYH WKH ORZHVW GHQVLW\ RI MTV. CRPSDUDWLYHO\, 
H[SHULPHQWDO JURXS RQH, ZKLFK ODFNV VWDWKPLQ, ZRXOG 
EH H[SHFWHG WR KDYH WKH KLJKHVW GHQVLW\. TKH WT FRQ-
WURO LV H[SHFWHG WR KDYH D YDOXH LQ EHWZHHQ H[SHUL-
PHQWDO JURXS RQH DQG WZR. 

PredicƟon͗ 
IQ XQWUeaWed QXOO VWaWhPLQ IECV, S. fle[neUi 
ZLOO e[hLbLW Magged PRYePeQW SaWWeUQV, ZLWh 
PRUe fUeTXeQW chaQgeV LQ dLUecWLRQ cRPSaUed 
WR Whe WT.  
 
D\VIXQFWLRQDO PRYHPHQW LQ QXOO VWDWKPLQ KRVWV ZRXOG 
SURYLGH DGGLWLRQDO HYLGHQFH IRU WKH K\SRWKHVLV. YR-
VKLGD HW DO. H[DPLQHG SKLgeOOa PRWLOLW\ LQ WT KRVWV 
DQG GLVFRYHUHG D UHODWLYHO\ OLQHDU PRYHPHQW SDWWHUQ 
XSRQ QRFRGD]ROH WUHDWPHQW.4 HRZHYHU, LQ XQWUHDWHG 
KRVWV, WKHUH ZHUH RFFDVLRQDO FKDQJHV LQ GLUHFWLRQ. 
SLQFH QRFRGD]ROH LV D MT-GHVWDELOL]HU, WKHVH ILQGLQJV 
VLJQLI\ WKDW MTV EHKDYH DV REVWDFOHV DQG WKDW FROOL-
VLRQV UHVXOW LQ GHIOHFWLRQV. II VWDWKPLQ GRHV LQ IDFW EH-
KDYH DV D MT-GHVWDELOL]HU OLNH QRFRGD]ROH, WKHQ VWDWK-
PLQ’V DEVHQFH ZLOO UHVXOW LQ D ]LJ]DJ, QRQ-OLQHDU PRYH-
PHQW SDWWHUQ DV SKLgeOOa FROOLGH ZLWK MTV PRUH RIWHQ. 
TKLV ZRXOG DOVR GHPRQVWUDWH WKDW VWDWKPLQ SOD\V D UROH 
LQ WXQQHOLQJ. 
 
TKH SUHFHGLQJ H[SHULPHQWV KDYH WKH REMHFWLYH RI HOXFL-
GDWLQJ WKH IXQFWLRQ RI VWDWKPLQ ZLWK UHVSHFW WR MT GH-
VWDELOL]DWLRQ GXULQJ S. fOe[QeUL LQIHFWLRQ. HRZHYHU, 
GHPRQVWUDWLQJ VWDWKPLQ’V DFWLYLW\ LQ WKLV ZD\ LV QRW 
VXIILFLHQW WR GHWHUPLQH LWV LPSOLFDWLRQV RQ PRWLOLW\ DW 
ODUJH. TKHUHIRUH, H[SHULPHQW WKUHH’V H[DPLQDWLRQ RI 
SKLgeOOa PRYHPHQW SDWWHUQV LV QHFHVVDU\. FXUWKHU-
PRUH, VWDWKPLQ’V RYHUDOO SRWHQWLDO DV D WKHUDSHXWLF WDU-
JHW PD\ EH EHWWHU XQGHUVWRRG LI PRWLOLW\ LV WUXO\ LP-
SDLUHG LQ QXOO VWUDLQV, VLQFH DGHTXDWH PRELOLW\ LV UH-
TXLUHG IRU GLVVHPLQDWLRQ DQG WKH VSUHDG RI LQIHFWLRQ 
ZLWKLQ WLVVXHV.1 

 
TKLV H[SHULPHQW ZLOO LQFOXGH WZR VWUDLQV RI FXOWXUHG 
KXPDQ IECV WR VHUYH DV KRVWV, RQH RI ZKLFK ZLOO EH D 
WT DQG WKH RWKHU D QXOO VWDWKPLQ PXWDQW. AGGLWLRQDO-
O\, S. fOe[QeUL, DQ DQWLERG\ DJDLQVW DQ O-AJ WDJJHG ZLWK 
UKRGDPLQH, QRFRGD]ROH, DQG WKH ZHLVV A[LR IPDJHU Z1 
IOXRUHVFHQW PLFURVFRSH ZLOO EH UHTXLUHG. CRQWUROV ZLOO 

LQFOXGH QRFRGD]ROH-WUHDWHG DQG XQWUHDWHG WT KRVWV 
DQG WKH H[SHULPHQWDO JURXSV ZLOO FRQVLVW RI QRFRGD]ROH
-WUHDWHG DQG XQWUHDWHG QXOO VWDWKPLQ VWUDLQV (FLJXUH 
3). NRFRGD]ROH LV D MT-GHVWDELOL]LQJ GUXJ WKDW VLJQLIL-
FDQWO\ UHGXFHV WKH QXPEHU DQG GHQVLW\ RI MTV. WLOG-
W\SH IECV WUHDWHG ZLWK QRFRGD]ROH DUH D FRQWURO, VLQFH 
SUHYLRXV VWXGLHV KDYH VKRZQ WKDW SKLgeOOa PRYHPHQW 
LV OLQHDU XQGHU WKHVH FRQGLWLRQV IURP D ODFN RI MT EDU-
ULHUV.4 NXOO VWDWKPLQ IECV WUHDWHG ZLWK QRFRGD]ROH 
PXVW EH FRPSDUHG WR WKH HTXLYDOHQW WT WUHDWPHQW LQ 
RUGHU WR YHULI\ WKDW PRYHPHQW SDWWHUQV DUH RQO\ GLIIHU-
HQW GXH WR GLIIHUHQFHV LQ MT GHVWDELOL]DWLRQ. TKLV 
ZRXOG EH HYLGHQW LI QR VLJQLILFDQW GLIIHUHQFHV DUH RE-
VHUYHG EHWZHHQ WKH WZR, DV QHLWKHU ZLOO KDYH MT REVWD-
FOHV. IQGHSHQGHQW YDULDEOHV ZLOO LQFOXGH WKH SUHVHQFH 
RI VWDWKPLQ DQG QRFRGD]ROH. TKH GHSHQGHQW YDULDEOH 
ZLOO EH WKH DYHUDJH IUHTXHQF\ RI GLUHFWLRQ FKDQJHV IRU 
WKH SKLgeOOa LQ HDFK JURXS. 
 
TKURXJKRXW WKH H[SHULPHQW, DOO LQFXEDWLRQV DQG YLGHR 
UHFRUGLQJV ZLOO RFFXU DW 37�C. IQLWLDOO\, D FXOWXUH RI WT 
DQG QXOO VWDWKPLQ IECV ZLOO HDFK EH WUHDWHG ZLWK D QR-
FRGD]ROH VROXWLRQ DQG LQFXEDWHG IRU WHQ KRXUV. TKLV 
ZLOO EH IROORZHG E\ WKH LQIHFWLRQ RI DOO JURXSV ZLWK S. 
fOe[QeUL DQG DQ DGGLWLRQDO LQFXEDWLRQ RI ILYH KRXUV. 
NH[W, HDFK JURXS ZLOO EH WUHDWHG ZLWK UKRGDPLQH-DQWL-
O-AJ DQG LQFXEDWHG IRU D SHULRG RI 120 PLQXWHV. TKLV 
ZLOO EH GRQH ZLWK WKH REMHFWLYH RI YLVXDOL]LQJ LQGLYLGXDO 
SKLgeOOa YLD GLUHFW LPPXQRIOXRUHVFHQFH. LDVWO\, OLYH 
SKLgeOOa PRWLOLW\ ZLOO EH FDSWXUHG DQG UHFRUGHG XVLQJ 
WKH ZHLVV A[LR IPDJHU Z1 IOXRUHVFHQW PLFURVFRSH IRU 
120 PLQXWHV XQGHU 2500[ PDJQLILFDWLRQ. 
 
FUHTXHQFLHV RI S. fOe[QeUL GLUHFWLRQ FKDQJHV IRU HDFK 
JURXS ZLOO EH UHFRUGHG XVLQJ WKH MDQXDO TUDFNLQJ IP-
DJHJ SOXJ-LQ, ZKLFK DOORZV IRU SDWK WUDFLQJ DQG WKH 
PHDVXUHPHQW RI DQJOHV. DLUHFWLRQ FKDQJHV DUH WR EH 
FODVVLILHG DV GHYLDWLRQV IURP WKH EDFWHULXP’V FRXUVH E\ 
D PLQLPXP RI 15� XQGHU 2500[ PDJQLILFDWLRQ. TKLV LV 
WR RQO\ DFFRXQW IRU ODUJH FKDQJHV GXH WR FROOLVLRQV ZLWK 
REVWDFOHV DQG LJQRULQJ PLQRU UDQGRP FKDQJHV LQ PR-
WLRQ. EDFK GLUHFWLRQ-FKDQJH IUHTXHQF\ ZLOO WKHQ EH 
WHVWHG IRU VWDWLVWLFDO VLJQLILFDQFH XVLQJ PULVP 
GUDSKPDG VRIWZDUH DQG WKH WZR-WDLOHG SWXGHQW’V W-WHVW. 
A S-YDOXH VPDOOHU WKDQ 0.05 ZLOO EH FRQVLGHUHG VWDWLVWL-
FDOO\ VLJQLILFDQW. 
 
DXH WR WKH MT GHVWDELOL]LQJ DFWLYLW\ RI QRFRGD]ROH, LW LV 
H[SHFWHG WKDW ERWK WUHDWHG JURXSV ZLOO KDYH IHZ MTV 
DFWLQJ DV REVWDFOHV. TKHUHIRUH, WKH\ ZLOO OLNHO\ \LHOG OLQ-
HDU S. fOe[QeUL PRYHPHQW DQG LQIUHTXHQW FKDQJHV LQ 
GLUHFWLRQ, UHJDUGOHVV RI ZKHWKHU VWDWKPLQ LV SUHVHQW RU 
QRW. TKLV ZRXOG FRQILUP WKDW GLIIHUHQFHV LQ PRYHPHQW 
LQ WKH RWKHU JURXSV DUH VROHO\ GXH WR VWDWKPLQ’V HIIHFW 
RQ WXQQHOLQJ VLQFH PRYHPHQW SDWWHUQV DUH QRW LQIOX-
HQFHG E\ RWKHU IDFWRUV DVLGH IURP MT GHVWDELOL]DWLRQ. 
TKH XQWUHDWHG WT FRQWURO LV H[SHFWHG WR KDYH VOLJKWO\ 
PRUH IUHTXHQW GLUHFWLRQ FKDQJHV FRPSDUHG WR WKH QR-
FRGD]ROH JURXSV DV VHHQ LQ WKH VWXG\ E\ YRVKLGD HW DO., 

ϳ 
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IQ WKH WKLUG H[SHULPHQW, TXaQWLI\LQJ GLUHFWLRQ FKaQJHV 
ZLWK a PLQLPXP GHYLaWLRQ aQJOH SRVHV a SRWHQWLaO OLP-
LWaWLRQ, aV WKLV PHWKRG aVVXPHV WKaW FROOLVLRQV ZLWK 
MTV aOZa\V UHVXOW LQ OaUJH GHIOHFWLRQV. A QXPbHU RI 
VPaOOHU GLYHUVLRQV IURP MTV VWLOO bHKaYLQJ aV baUULHUV 
WR PRYHPHQW Pa\ bH PLVVHG aQG VOLJKWO\ RbVFXUH Ya-
OLGLW\. TKLV LV, KRZHYHU, a QHFHVVaU\ VaFULILFH WR GLV-
FRXQW UaQGRP GHYLaWLRQV, aV S. fle[neUi VHOGRP WUaYHO 
LQ a SHUIHFWO\ VWUaLJKW OLQH.14  
 
SWaWKPLQ KaV aOVR bHHQ IRXQG WR LQGLUHFWO\ FRQWULbXWH 
WR FRPHW WaLO LQWHJULW\ aQG PRYHPHQW b\ aFWLYaWLQJ FR-
ILOLQ.8 CRILOLQ LV aQ aFWLQ-VHYHULQJ SURWHLQ WKaW SUHYHQWV 
XQQHFHVVaU\ JURZWK RI aFWLQ ILOaPHQWV LQ WKH FRPHW 
WaLO.8,15 IW KaV bHHQ GHPRQVWUaWHG WKaW LiVWeUia LQ QXOO 
VWaWKPLQ KRVW FHOOV PRYH VORZHU aQG KaYH ORQJHU FRP-
HW WaLOV WKaQ WKH WT, GXH WR LQaFWLYH FRILOLQ.8 TKLV Pa\ 
bH a SRVVLbOH OLPLWaWLRQ RI WKH VWXG\, aV LW LV QRW NQRZQ 
ZKHWKHU a GLIIHUHQFH LQ VSHHG ZLOO aOVR bH SUHVHQW LQ 
Shigella LQIHFWLRQ RU LI LW ZLOO aIIHFW PRYHPHQW SaW-
WHUQV, WXQQHOLQJ, RU MT GHVWabLOL]aWLRQ. RHJaUGLQJ 
PRYHPHQW, VLPLOaULWLHV LQ PRWLOLW\ bHWZHHQ WKH WZR 
QRFRGa]ROH-WUHaWHG JURXSV LQ WKH WKLUG H[SHULPHQW 
ZRXOG GHPRQVWUaWH WKaW WKLV LV QRW a VLJQLILFaQW FRQ-
FHUQ. IW LV VWLOO XQFOHaU, KRZHYHU, ZKHWKHU VSHHG PLJKW 
aIIHFW WKH RWKHU WZR SURFHVVHV LQ a Za\ WKaW FaQQRW bH 
aFFRXQWHG IRU. 
 
LaVWO\, aV ZLWK aOO in YiWUo H[SHULPHQWV, WKH UHVXOWV RI 
WKLV VWXG\ FaQQRW bH UHaGLO\ H[WUaSROaWHG ZLWKLQ WKH 
KXPaQ bRG\, ZKHUH PaQ\ aGGLWLRQaO HOHPHQWV aUH aW 
SOa\. 

 
TKHUH aUH VHYHUaO JaSV LQ RXU FXUUHQW XQGHUVWaQGLQJ RI 
S. fle[neUi’V LQWHUaFWLRQV ZLWK KRVW FHOO PaFKLQHU\ aQG 
WKH SURSRVHG H[SHULPHQWV ZLOO aGGUHVV WKHVH aUHaV. IW 
KaV bHHQ VKRZQ WKaW VLPLOaU WR VLUA ² a baFWHULaO SUR-
WHaVH ² KRVW SURWHLQV Pa\ LQIOXHQFH S. fle[neUi PRWLOL-
W\ aQG SURPRWH SaWKRJHQHVLV. IQWHUaFWLRQV bHWZHHQ 
VWaWKPLQ aQG L. monoc\WogeneV LQIOXHQFH baFWHULaO 
PRYHPHQW aQG GLVVHPLQaWLRQ.8 YRVKLGa HW aO. KaYH 
GHPRQVWUaWHG WKaW VLUA’V MT GHVWabLOL]LQJ bHKaYLRXU 
SURPRWHV S. fle[neUi WXQQHOLQJ aQG GLVVHPLQaWLRQ. 
TKHUHIRUH, ZH K\SRWKHVL]H WKaW VWaWKPLQ Pa\ IXQFWLRQ 
VLPLOaUO\.4 CXUUHQWO\, VWaWKPLQ’V LQWHUaFWLRQV ZLWK S. 
fle[neUi UHPaLQ XQFKaUaFWHUL]HG. UQOLNH L. monoc\Wo-
geneV, S. fle[neUi PRWLOLW\ LV UHOLaQW RQ WXQQHOLQJ ² WKH 
FOHaUaQFH RI GHQVH MT QHWZRUNV; KRZHYHU, Shigella 
WXQQHOLQJ LV QRW IXOO\ XQGHUVWRRG aQG UHTXLUHV IXUWKHU 
LQYHVWLJaWLRQ. TKLV VWXG\ VHHNV WR bURaGHQ RXU XQGHU-
VWaQGLQJ RI S. fle[neUi PRWLOLW\, KRVW-FHOO LQWHUaFWLRQV, 
aQG LQIHFWLRQ, aW OaUJH. 
 
WLWK WKH JURZLQJ FRQFHUQ RI AMR LQ WKH WUHaWPHQW RI 
VKLJHOORVLV, LW LV LPSHUaWLYH WKaW aOWHUQaWLYH WUHaWPHQWV 
aUH VRXJKW aIWHU. TKH ILQGLQJV RI WKLV SURSRVHG VWXG\ 
FaQ SaYH WKH Za\ IRU a QRYHO WKHUaSHXWLF WaUJHW LQ WKH 

bXW VWLOO UHPaLQ UHOaWLYHO\ OLQHaU GXH WR WKH SUHVHQFH RI 
VWaWKPLQ.4 TKH XQWUHaWHG QXOO VWaWKPLQ PXWaQWV aUH 
H[SHFWHG WR KaYH aQ LPSaLUHG abLOLW\ WR GHJUaGH MTV, 
WKXV SUHVHQWLQJ Shigella ZLWK ]LJ]aJ PRYHPHQW SaW-
WHUQV aQG VLJQLILFaQWO\ PRUH IUHTXHQW GLUHFWLRQ FKaQJ-
HV FRPSaUHG WR aOO RWKHU JURXSV. MRYHPHQW LV QRW H[-
SHFWHG WR KaOW FRPSOHWHO\ bHFaXVH Shigella aUH VWLOO 
abOH WR WaNH aGYaQWaJH RI RWKHU MT-GHVWabLOL]HUV, VXFK 
aV WKH VHFUHWHG VLUA.4 

FigXUe 3. PUedicWed S. fle[neUi mRYemenW SaW-
WeUnV fRU Whe e[SeUimenW WhUee gURXSV. (A) WT 
Shigella aUH H[SHFWHG WR H[KLbLW UHOaWLYHO\ OLQHaU PRYH-
PHQW, ZLWK RFFaVLRQaO UaQGRP FKaQJHV LQ GLUHFWLRQ. 
(B) WT Shigella LQ KRVWV WUHaWHG ZLWK QRFRGa]ROH aUH 
H[SHFWHG WR GLVSOa\ OLQHaU PRYHPHQW GXH WR WKH OaFN RI 
MT baUULHUV. (C) NXOO VWaWKPLQ Shigella LV H[SHFWHG WR 
GLVSOa\ a ]LJ]aJ PRYHPHQW SaWWHUQ GXH WR LPSaLUHG 
MT-GHVWabLOL]aWLRQ. (D) LLQHaU PRYHPHQW LV H[SHFWHG 
IRU QXOO VWaWKPLQ Shigella LQ QRFRGa]ROH-WUHaWHG KRVWV 
GXH WR WKH OaFN RI MTV. 

IQ WKH ILUVW H[SHULPHQW, TXaQWLILFaWLRQ RI WXQQHO ZLGWKV 
LV aVVRFLaWHG ZLWK a FHUWaLQ OHYHO RI XQFHUWaLQW\. IP-
aJHJ aOORZV XVHUV WR PaQXaOO\ VFaOH LWV PHaVXUHPHQW 
WRROV XVLQJ a FaOLbUaWLRQ LPaJH. OQFH FaOLbUaWHG, WKH 
XVHU FaQ UHFRUG PHaVXUHPHQWV RI FaSWXUHG LPaJHV XV-
LQJ WKH VFaOHG PHaVXUHPHQW WRROV. TKH aFFXUaF\ RI FaO-
LbUaWLRQ aQG PHaVXUHPHQWV aUH UHOLaQW RQ WKH SUHFL-
VLRQ RI WKH XVHU'V LQSXW; WKHUHIRUH, UHFRUGHG WXQQHO 
ZLGWKV Pa\ bH LQaFFXUaWH aQG LPSOLFaWH H[SHULPHQWaO 
ILQGLQJV. SLPLOaUO\, LQ WKH WKLUG H[SHULPHQW, WKH MaQX-
aO TUaFNLQJ IPaJHJ SOXJ-LQ aOVR UHTXLUHV PaQXaO LQSXW 
WR PHaVXUH WKH aQJOHV RI Shigella PRYHPHQW. RHFRUG-
HG PHaVXUHPHQWV aUH aVVRFLaWHG ZLWK a JLYHQ XQFHU-
WaLQW\ aQG ZLOO QHHG WR bH aFFRXQWHG IRU GXULQJ VWaWLVWL-
FaO aQaO\VLV. 
 
IQ WKH VHFRQG H[SHULPHQW, a OLPLWaWLRQ RI ICS LQFOXGHV 
OLPLWHG WHPSRUaO UHVROXWLRQ bHFaXVH PHaVXUHPHQWV RI 
GHQVLW\ aUH WaNHQ VHTXHQWLaOO\ aW HaFK SL[HO.13 AXWRFRU-
UHOaWLRQ aQaO\VHV aUH aOVR OLPLWHG aV WKH\ aUH QRW H[-
WUaFWHG ZLWK KLJK aFFXUaF\ LQ in YiWUo FXOWXUHV.13 TR 
SUHYHQW WKHVH SRWHQWLaO LVVXHV, aGGLWLRQaO IOXRUHVFHQFH 
FRUUHOaWLRQ VSHFWURVFRS\ PHWKRGV, VXFK aV UaVWHU LP-
aJH FRUUHOaWLRQ VSHFWURVFRS\ aQG VLQJOH SOaQH LOOXPL-
QaWLRQ PLFURVFRS\, Pa\ bH XVHG WR YaOLGaWH aQ\ ILQG-
LQJV. 

ScienWial  _ April Ϯ0Ϯ1 

ϴ 

LIMIdAdIONS 

CONCLhSION 



ScienWial  _ April Ϯ0Ϯ1 

form of stathmin, Zhose inhibition ma\ result in com-
promised ShigeOOa motilit\. Further research ma\ then 
suggest that this impairment preYents its spread from 
cell to cell Zithin tissues, thus limiting infection. 
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