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Pressure-dependent chemical shifts in the R3 domain of talin show that it is

thermodynamically poised for binding to either vinculin or RIAM
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'"HSDUWPHQW RI OROHFXODU %LRORIYVILQWG BRIL B MHH FIKHQAR® RIK HS QL

71 8QLWHG .LQJGRP

6FKRRO RI %LRORJLFDO 6FLHQFHVR3Q  LWHUNHW\ RIYHYSRBARO

8QLWHG .LQJGRP

3Current address: School of Biology, University of Leeds, Leeds LS2 9JT, United Kingdom
4Lead contact

&RUUHVSROGHOMPH DPVRO#VKHIIBHOG DF XN

6800%5<

7DOLQ PHGLDWHVY DWWDFKPHQW RDW R WHD[O WR LW KM D i [ WIHFG-
HIITHFWRU 5,$0 WR IRFDO DGKHVLRQ XDWHWMVRQEH VRBXHFHGH
FRQIRUPDWLRQDO RSHQLQJ WR I HSFARW ML @/ KH (OFRVOLLQ L QMHH FRE
VZLWFK LQYROYHV WKH WDOLQ 5 GRP BO® VHIGL PK & LYQL@®\F % O8L.0Q ZKK
+HUH ZH DSSO\ SUHVVXUH WR 5 DID@G AFKHPLXD VKLIW FKDQJHV
DUH ILWWHG XVLQJ D VLPSOH PRGRQOD Q G FLGROAHF® WK\ KFDOR \BH G
IRXU KHOL[ EXQGOH ZKLOH LY WRHVRSHRD R/XVD WKV K HOLQJA\ D P:
ELQGV 5,$0 ZLWK DQ DIILQLW)\ VRPHOIHD W®R\ ZLR ¢ VO\BXOE RW. WV VKR
N- PRBRUH VWDEOH ZKHQ FORVHG 7KHVHA UNWVWEWYPRIEGRQ Q®MFADL

SRLVHG WR ELQG HLWKHU 5,$0 RXWH FIX O R® G DRCHF KVIKXR/V FHROY\L W L
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(<:25'6 K\GURVWDWLF SUHVVXUH FHG&HHDGEKH)YVER®S WH[O LYQ QIR

VLQIJXODU YDOXH GHFRPSRVLWLRQ FKHPLFDO VKLIW
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7KH DGKHVLRQ RI FHOOV WR WKH P PWHDFX\0OH RO BVK 1P IF\\WW 0 D] XX/ X IIDFEGI\
DV LQWHJULQV 7KH LQWUDFHOOXIOP URWPY C5 BRU W QR D BPWALRFS/DHHG IV & IV W
WR WKH DFWLQ F\WRVNHOHWRQ DQG EWKXXHHQDEMHWD FR® P XQDRD\®
FIWRVNHOHWRQ 7KH DVVHPEO\ Rl WEDWH®RPSQIB[ UNTWILUKW @ QXBE
LQFOXGLQJ WDOLQ YLQFXOLQ DQ@G MWKWREDBROMFXQWHEBOWLIDOLQ |
UHVLGXH SURWHLQ FRQVLVWLQHJRLOQVKBQG W RDSKEV RIGROWRKRLGYW D Q
WKDW ELQGV WR ) DFWLQ DQG YLQFXORQL@DO®AH FARRGH® WR WKH |
DQG VXEVHTXHQWO\ XQGHSH®GENQW IRREHRUPDWLRQDO FK D@RIXOW®D V
ELQGLQJ VLWHV 9LQFXOLQ UHY¥UXKMW PRQQHEWLRQLW RJWKGI BRERH Q F\\
D IRUFH VHQVLQJ PHFKDQLVP WKDW IRFIX® DWKNVRRIP FRPBQH]| WKH I
WKH IRUFH VHQVRU LQ WKH WDOER PRGGMERKHK 5, $0RB Q GQY LZKAEXOLQ

7KH LQWHUDFWLRQ RI 5 ZLWKXD OO DR[EYXQEXID LDLMWKFBX$0 ELQG!
IRUP RI' 5 ZKLOH YLQFXOLQ LQWHUDPW @ JKDWPKHWKBORSHQ IRWKLY RSt
D UHVXOW RI PHFKDQLFDO VWUHWBRLIOW [B®O 5LR WWDBALQJ WR WKH
5,$0 E\ YLQFXOLQ *RXOW HW DO LV ORFIXWHSGG GRPDE®RPSDFW UHJLR
IRUPHG E\ WKUHH VHTXHQWLDO IRXU5 K R\VKL}WE OQGO B DG RR B XD UO \
PHFKDQLFDO XQIROGLQJ <DQ HRZB®W VWD BL&XDNV\\RKMRH WKUHH DQ
DQG XQIROG UHYHUVLEO\ RQ D VXE VSGRHG I\WUFHYV ZD @/H DOV W K${1 UDE
DFWRP\RVLQ FRQWUDFWLRQ <DQ HWDR HW DO<DR HW7K®VH REVHUY
OHG WR D PRGHO $WKHUWRQ HW DO DO GMURRRG H ZKLFK S
5,$0 LQLWLDOO\ ELQGV WR DQGRURAUXQGXF WG CRQ | EXADWK BRQYDID FKD
E\ WKH IORZ RI DFWLQ ILODPHQ\R S HDW WSWKKHWD GBLIRP BRESOHPNHQLQ
ZLWK 5,30 DQG SHUPLWWLQJ DQ IZ®W HIHYFOW LI R Q PH.GV K LYQRXFXIGL GRP SO

WKH IRFDO DGKHVLRQV E\ VWUH Q@QIFWKIHQ QI XWHWHUDFWLRQV ZLWK
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7KH IRXU KHOL[ EXQGOH WKDW FRPBULYHW \WKB G WRRPIIMKH R | E\
LQWHUDFWLRQV 7KH K\GURSKRELR HERRINSRY H@ FRIXIGHY BV Kt WHKRIGHRS
RQH IURP HDFK KHOL[ LQ WKH EXD@EQDLWKRWWKHS &RIPYD VDK H LYW O L Q J k
SUHYLRXVO\ FRQVWUXFWHG D TXDGUWXB @/ BXWIBQ WL @ | Z5 L FKH MAKIHNHH
UHVLGXHV ZHUH UHSODFHG E\ K\GURSKREBF7UHVLERMXOW HW, OO 9
PXWDQW LV PRUH UHVLVWDQW WR XRURBGERR BEWEBWK PHFPDGL WX
*RXOW HW DO DQG ELQGYV PXKIOPRWKIZEDNOFRER/ YVWHQW ZL!

XQIROGLQJ WR SURGXFWLYH YLQFXOLQ ELQGLQJ )LJIXUH

7TKHUH LV WKXV DPSOH HYLGHQFHDVRBRK WERVBIRW LWILWH RM1Z5 W
UHYHUVLEOH RSHQLQJ RI WKH IRXKBUDEWHXDRG®WHL RQWRIX MM KUR BOH Q
UHPDLQHG FKDOOHQJLQJ +HUH ZH XWR BIQIXRZUHW WXRJ IR KIDW D FWRIR Q |

DQG VWUXFWXUHYVY RI WKH WZR FRQIRUPDWLRQV

+LJK K\GURVWDWLF SUHVVXUH KDV SD\RYWRG UMK HDHD DD W HIBIEG DA
FRQIRUPDWLRQV WKDW DUH FORVAVHQ LHHQE R Z\ ONIRQW KiH FLWRXED) & WDMWDH

(OHYDWHG SUHVVXUH OHDGV WR [SUR@HUDO FKRIFKUWRVD @ RG N
LV D OLQHDU HIIHFW 105 FKHPLFDOHVEUHVWHKHWHIRRW & LRV W 15Q HOL\QHD

+RZHYHU SUHVVXUH DOVR VWDELGLDEOVVIMDWHYQ 2 MY K HO RRB UR
YROXPHV 6XFK VWDWHVY EHFRPH LQFUH D\QRUD VFHR/S XOHMEHE® JD W FS L
FKHPLFDO VKLIW FKDQJHV LQ W K HDYQLIFHL QY% W DRX VM KIR OV GHIK FSW R WIHQ. @
VPDOO FDYLWLHV DQG SDFNLQJ GHIHFWW UWIIHI WLADZD \WR & DYHY RO X F
SURWHLQV DQG WKHUHIRUH SUHPDXWHD 0 WRGM WRDOR KIOR O Q GQ A O BF
7KH ORZ HQHUJ\ H[FLWHG VWDWH FRIQMRAUPDRIL@ EH UKPHAWQR G DIOD W
H[DPSOH D ORFDOO\ XQIROGHG IR®WPQRVIXEHTGXDW MX KILAR BHHOP DW LR Q
ELQGYV WR WKH ( XELTXLWLQ FRQMXWWDQJ HQ]\PH W.KWWDHDRUH DSS

K\GURVWDWLF SUHVVXUHV XS WR GRHEDLW) RI WD MPRWRKHK®DUDFWHU
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EHWZHHQ FORVHG DQG RSHQ IRUPVDWDWK  JHWKAVEGVKWBWHRSUWRG XF I

LV OLNHO\ WR EH VLPLODU WR WRBO/WVRDMWH SURGXFHG E\ PHFKDQL

$SSOLFDWLRQ RI HOHYDWHG SUHVWHARRWKODFXWIHBGEWORRWRO
YVSUHVVXUH 7KH DQDO\VLV Rl SUHVVXUMKG&HSH QW KIQWH IIROUBH FRR Y WF
SURFHHGV El1 I+t0MWELRKIHPLFDO VKLIW FKDQJHV WREFIDTE® E8DAKIHRUH[S U
SLV SUHVVXUH $NDVDND LWDKDUWD HBVMHOPHODWHE&EHWR K\GUR
VWUHQJWK DQG RWKHU ORFDO JWRRHGWLU ILLFXM®D W VAR W @ WIHQIG WRWR | %\
FRPSROQHQWLVHYV IURP WKH HTXLOLEULXP E\HWWIXWH QD V& HD Q DHYE YW HIG)
WKHUHIRUH WHQGYV WR UHSRUW RXHRQURQFDWLRQDWRFKDPDRQRLIHMNVGLQV
DURXQG FDYLWLHYV DQG LV PXFK PRUHLX\DHDZ® BHHOVGDSOURWHLGQr RBHYFH L
D TXDGUDWLF H[SUHVVLRQ LV D FREDHRW @EM IXHFIMW/R QOL@ IRQ\WPV LIRS
SKHQRPHQD DQGEW®B KWDHBPYR VLPSOH SK\VLFDO PHDQL®JPRUMKH!I

SK\VLFDOO\ PHDQLQJIXO HTXDWLRQ

BUHVVXUH FDXVHV D FKDQJH LQ WKWZKHH®G® WQR UFRQ@RIURDMWQRK E F

HISHFW WKH VWDWHYV WR EH SRSXO®MIHD B ARMU &ROMWFD Q G B WKV
2% %L AT @) E LSy A [1]

‘H DVVXPH WKDW 5 FDQ H[LVIMQGQJWRRQGWDWMHWH DQG H[FLWHG VW
SRSXODWHG LQGH SHROQW XAH DV DERYH (DFK RI WKHVH MWDR\WHD UF
SUHVWHSHQGHQW FRPSUHVVLRQ JLYLQUXD WKHP WD ® \OKLUQWDUHFRD Q.
PRGHO WKH REVH UGHSH 6 G HDWK B K BrPaLnfoie@hysically\meaningful way D V

7 - A Y |
K:>8,. 00k >4, d@ead ™3 A

5>ped@" "3 A

U L [2]

ZKHGHDQG DUH WKH FKHPLFDO MEGDW IRARBRHW@W GDEEW/RUH WKH OLQF

SUHVV GHISHQGHQW FKDQJHV LRLNVKW R HF B 0 % RHXItNFerence in free energy
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EHWZHHQ WKH WZR VWDWHYV DW iDireEhdhge\W vBluhte\betwddiHtheDvip Gtates.

7KLY HTXDWLRQ PDNHV VRPH DVVXPSWI6RK@®% OHAHRIHKXWDWH GRLW HXVDIDG

7KLV PRUH FRPSOH[ DQDO\VLV RI SUHVWKUWY BRISH G&HQ RX DKH KR
VWDQGDUG TXDGUDWLF DSSUR[LPDWIYRQLEBEB XV WW HUDM RRUHH XPVRIG
GHFRPSRVLWLRQ 69' WR KHOS DQD@\JHVW KB' FK/HP LHDAO VHK\. WD E® DV
WHFKQLTXH IRU UHGXFLQJ WKH GREBEVFVRB\DDEWQ VRL IV LQ/IWNWEKH PLQ
FRPSRQHQWY QHHGHG WR JHQHUDWHMWMKID\H[ SO W RH GW R DHF MW DWS B [
LGHQWLI\ DQG UHPRYH QRQ FRUUHOOWHIBGERLQH HYKKWL B H Q WIDWDLE D (
GDWD 7KLV DQDO\VLV VKRZHG W KDHSHDQ\GWQQJ FRIHWIKAD G UHWM WIWH R C
FRPSRQHQWYV GHVSLWH WKH FRPSOH[LAMW RIKW KR XAKHR PBRQ H/EWINV DR
DV WKRVH UHTXLUHG E\ (T Q D PBI®E LV IQNV JSIREK\O\GX V W DDV I RIPVB U H V V H

DQ H[FLWHG VWDWH ZKRVH SRSXODWLR® DL FRPISDWNY G WK FS WHI\GY X V

7KH KLJK TXDOLW)\ R{GDKWD iRQRAHIG KV WR ILW (T HYXRED @D
LQ WKH ZLOG W\SH 5 WKH IUHH € QHKH\JGRIXOGHREB HHALIMHS VWDW
JHUR LH 5 LV FORVHG DQG RSHQ 7KW RPEBLHLHVRS WHIAY FBR QI RUP I
FDQ EH LGHQWLILHG E\ DQDO\]LGIDWEH FREPWRBIOGYKIHWHWQFH LQ W
GHSHQGHQW J&D'GLHIWEN SHU UHVLGXH EDVLV 7KH PIXIHDEKD @KL EN [
SDUW RI WKH IRXU KHOL[ EXQRVYH & T RWKRURPRWQRQV WHDXWH ZKOFK EHF]
WKH H[FLWHG VWDWH RSHQ FRQRQPDWKIREIIHFMHBHEKHPSODRUFH F
DYDLODELOLW\ RI ELQGLQJ VXWDANVRI)I5Q DDA \V PRZIHRG. GVMKWD W QI WK L\
VWDWH LV PRUPROWWDEOH WKDQ WKH H[FLWR&WDDW B FER S QMM W K
FRQIRUPDWLRQ OHVV UHDGLO\ WERDHS DDIQG LM 5 OPU YL@F XWVQ 7KH
5 LV GHOLFDWHO\ SRLVHG EHWZHHQ BSHQ WRXGV FDHRYG GS &DHGH W
PHFKDQRVHQVLWLYH VZLWFK DEOH WRQGLEGKBQIMH LHD WIKG\ EGIRWZAHE @ \§

LQ WKH RSHQ VWDWH LQ UHVSRQVH WR DSSURSULDWH VWLPXOL
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5(68/76
%DFNERQH DVVLJQPHQWY DQG SUHVVEUWKIGIMS ARQBGIHY FKHPLFD

7KH 105 VSHEWUD RI 5 DQG 5 ,996 DUHKWLWPILDPOWL JLRIXSYH,99, ZHUH DV
VWDQGDUG WKUHH GLPHQVLRQDO W VK HMDHEQXQFHO FIORB H FD90U B R HIQV \
YHU\ VLPLODU WR WKRVH RI ZLOG WGI®DVEH O RFHDSW. R@V WRK HWIKRP P X\
VXJIJHVWLQJ WKDW WKH VWUXFWXRIWVRDW R9%, LYLYXIWHK O6&ELEP VS B BW\W D
RI ERWK 5 DQG 5 ,99, DW YDULDEE®B B VKRZXH[MMHRYLWR FKHPLFDO V
WR SUHVVXUH )LIXUH 6KLIW FKDWQH H\R RRR RIOK L. VWWDK QU XMW D O

QRUPDOO\ REVHUYHG PRVW 1 DQG ¥H\DKED® EHP ROHT YHRQK L HKHDW H O
)RU PRVW DPLGH JURXSVY FRPSUHVVLRQDWHYXWWRQLRI DMK HQF Ul HIRHE
FKHPLFDO VKLIWV RI +1 DQG 1 WR PRDW WRHKDPKBYH SIHRVWRQFEHFNI
GHVKLHOGHG DQG WKH DPLGH QLW GRJQOPRVMR BHR W RUGIVV KLKIKD & B M
VKRZ DSSUR[LPDWHO\ GHOHQGHRUMWKHPHFDO VKLIW FKDQJHM ZKLC
FXUYHG TXDGUDWLF VKDSHY +RZHYHU KHI\HX QXRWPXD O HRMRUQMHGF B ¥ HADY
GDWD )LIJXUH LQVHW LQGLFDWLHMVEQHXGNSKRGE QMM URDUWI F X |
FXUYDWXUH VWURQJO\ VXJJHVWV \RIQDMV (3Q H\OHHN @ DWK YCH KRR ® | B R 8 K
ZLGHO\ DJUHHG WKDW 5 LV LQ HTXQGLRBSHXP VEN-DWZHIH QZ A OLRG/HHEW L | \
FRQIRUPDWLRQ DV WKH RSHQ VW DXW s URKWH. GHW DQL QQGRRIOH\QVWEJI W H
RI SUHWHKIHQGHQW GDWD &KHPLFDO VK LUMWYD OWR YIDHIL\DXEEHBEEBRIBV &/ X L
QXFOHL XVLQJ ' +1 &2 &%$&% DQG ' +1XEOMHHEWUD LERVOW\W H[FKLC
SUHVVXUHV DOWKRXGKREABGHBLLEURDGHQHG DW KLJKHU SUHYRRDBYV |/
H[FKDQJH W\SLFDOO\ VORZV DW KLJK SWURS®XUMHVW KW VDRPMR@URD G
SUHVVGHISHQGHQW FRQIRUPDWLRQDO H[FKPRQH UFKILW L RDDX0 W[ ALRBO.

DURXQG DW DPELHQW SUHVVXUH FRQVLVVWEHH@QMEIZQWK D ODUJH VFI

$V D ILUVW VWHS WX UFHKWPXBBEOCGODMDWHUH ILWWHG WRZIDQUDXDG !

FRPPRQ SUDFWLFH .LWDKDUD HW 099, JDYIHH DWIKRHWG SLWRWR WKH GI
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QXPEHU Rl ERWK DPLGH SURWRQ DM\G JQYWQR DHHRRKH PLLVE DL MKUH 6

UHVLGXHY RQWR WKH VWUXFWXUM JDIHUE R $H U:FHB WV R OMUS B'W WIHWW
FXELF HTXDWLRQ WKLV EHLQJ WKH PR DW REG URXW S5 URV UKW VQRQ X G |
WKH 7D\ORU H[SDQVLRQ 7KH ILW ZD\ HPCAKQ G WDW W UJ QEX MF DADKM D X |
VIVWHPDWLFDOO\ QRW ILWWLQJ YKARDHGLORURES LRWKBWWWBUQ RI

PDSSHG RQWR WKH VWUXFWXUH RI WKH SURWHLQ

7KH SUHGHSHQGHQW FKHPLFDO VKLKWVQZH&H BQREBGNHGWR Ul
DPRXQW RI H[SHULPHQWDO QRLVH UG VWKHNS DN SRIYLODR QYWD O XKW DL
$ IRU WKH FRPELQHG ILWWLQJ RDW&GH EDBRERYHRDBLGHNKHU GDWD
FOHDU WKDW WKH ILUVW WKUHHMKH V)SOBID & RO XGHDWPR W WLEWW N @R
IRXUWK LV DOVR QHHGHG ,Q RWHKRUFDRUGKL I D/WF R PSR @H W WIVHBUFKQ H
JOREDO ILWWLQJ RI WKH GDW®D WDV'S KR I K RW VWIRW \B UMD G XHV DU
RQO\ WKUHH FRPSRQHQWYV LQ R WK HXDIRIDAWL FWHKTHY DWW RZH O B XWVRW K L
QRW HJ ) LQ )LIXUH 6 2QH VKRXDB0 DKRZR PHDH) DERPISRA@HQWYV DU
ORRNLQJYDWWHFVKRIUV $UDL HW DO +HQ UH D\DHEQ WRINQ FAKR\PEBIR Q H Q!
KDYH YHFWRUV ZLWK VPRRWK VKD SRKPHQIG IK\LWKI DYXHW RIF RW B H @ CDVLHR QK
DJDLQ LQGLFDWLQJ WKDW WKH | DU QKM E HGF RPSR @MHRYW G HD) UGILBQA H

IRXUWK LV DOVR QHFHVVDU\ 7KH G&DW ORXUJ THWVQMKIDBW QR PRUH W

‘H KDYH DOUHDG\ VHHQ )LJXUHV 6VP@EQFHWERW RWQLWHZHOO
H[SUHVVLRQ ZKLFK KDV WKUHH YDUQDERB U VERW FRE W |HWXDML\RRQD
2XU SURSRVHG FKHPLFDO VKLIW HTSRQUHRQYV(T:H WKDNUHRRUH-RAW DO

ZLWK UDQN KLJKHU WKDQ WR JHKURXDQ@G WHUIREROWXK®BWHG D KLJ

JLWWLQJ RI'5 FKHPLFDO VKLIW FKDQJHV WR (T
7KH FROXPQ YHRWBUWVHQN WKH FKHPLFDO VKLIWV RWHILDF KO \ZPH FA K
QRUPDOO\ DOORZV WKH VKLIWOWWR EH HWUDRPWXS/ FRRBRMUBUDFWLF

8
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IURP WKH 69' DQDO\VLYV DQG JR H¥GDVRD | WR 8 KLWL @OV H HD VR QD
FRQYHQWLRQDO ZD\ +HQU\ DQG FRQWEBK@\HW ZR J O'RIEDeQliffé@née D E O H V
LQ IUHH HQHUJ\ EHWZHHQ WKH JWHRKX @ ® I'WtBWIHPERCEE Wiknte béfifekn
WKHVH WZR VWDWHV WRJHWKHU XDWKDBGHYUZH VB QG Q BH WRXMVHIGF L
GHWDLO EHORZ :H ILUVW R WYL QIHEEEMNISIR UMK KKHQXFREDR PRVW V H
SUHVVGHISHQGHQW SRSXODWLRQ FKDQXH\O HLH WAKKHN + 10 MIDW & HEND 2 K1 Bi 1))
D TXDGUDWLF H[SUHVVLRQ ZDV 1EWMPLGDWRVWIKIA QR ISWUH VWK H G
BLPXOWDQHRXV ILWWLQJ WR (TG L@ W WRHEXN VQ XCREHE D 6 H 16%W O H
PRADQG r053kJmol NEDUHVSHFWLYHO\ HTXLYDOHQW WHRPO FROKHPH GL
YROXPH FKDQJH IDOOV LQWR WKHHPLG\GDKDRID WKW MOSLFDO BRWJIW]
GLIIHUHQFH LV YHU\ VPDOO DQGWIPSI®LHAYRVKBWFREHRUBRWQBQ/ DQ
RSHQ FRQIRUPDWLRQ KDYH HVVHOWLEOO\ ARIXD QVS R XODIWLXDMDV D Q
UWXOW EHFDXVH QRUPDOO\ WKH KLJRSXDHWWHKE MW R[RIQWKN ® VMWD & HULF
SUHVVXUH ,Q WKLV ZRUN ZH KDYH DWHR®@ LRWHG DD QRS R & DARXQIRG AL
7KH ODUJH SRSXODWLRQ RI WKH RIGFHSH® @ BAD MR SIRR YW H VX Q XI\RX D O

GHSHQGHQW FKHPLFDO VKLIWYV

'G and 'V were then fixed, and the data for all nuclei were fitted to obtain the four resonance-
VSHFLILF YBULWEBEOHD/QG GLVFXVVHG LQ GHWDLO EHORZ RKIPEHY HII
Rl YDULDEOHY DV XVHG IRU ILWWLQKHNIHONQ VMWV Y/ LFXIE MWAR HOO DX\ L R (H
SDWWHUQV RI UHVLGXDOV WKDW FOHPUAUHQE L FILWM VOV WHRP DWLFJH
UHVLGXDO HUURUYV 7KH ODUJHVW LQSHFLORGOWEKHY RDWURQOZIM\RRYV
GLIIHUHQFH EHWZHHQ H[SHULPHQWDO D Q@OBRDPMHA.NOsDathkriabe bay D ZD
VXFK XQXVXDO FKHPLFDO VKLIW SEWWKUW VY LIHFSP HHHMWWH R ¥ R) ZHO
WKH H[SHULPHQWDO VKLIWYV FDQLEHQRWWRQROXVHOO HIRRI WKDW 5

WKH %ROW]PDQQ GLVWULEXWLRQY GR8PUVMKIWEIT(T LVEXWREKRREHP R GH C
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%HFDXVH (T GHVFULEHV WKH VLPSOHWXK IS O\WOLEWW HQ RREH D K IR ALSAU

LV FRPSDWLEOH ZLWK WKH GDWDFRPSGHG BREHBIYWVW RWKHU PRUH

6WUXFWXUH RI'5 RSHQ FRQIRUPDWILAR Y KHURNWP YDWWHY> FKHPLF

JRU HDFK QXFOHXV ILWWLQJ WROHY WKHNRKKIQFLFRDXOU VKR UWDRI WKH
DPELHQW SUHWEKMHLQHDU SUHVVXUH GHSHQGHMWIBRNPIGE U WVBW HI W
FKHPLFDO VKLIW RI WKH H[FLWHG @®GD WHK B VO LDPHE DGIHSWHIS\BVHQ@QMWK B KIH DL
VKLIW FKDQJH RI WKH H[FLWHG VWRDWRKFUKDWH HKQUHYHRQUW D VDLRDMFR !
WKH VWDQGDUG ILWWLQJ SURFHGWXIURQX \EIHFIERNTRPGENBUBWDWH & HKSHUPH. F D C
YDOXHV SURYLGH GHWDLOHG VWUBXFOW/RKWUHD® DQGRRED Y LR Q PIVE RBRXWQWI |
WKH FKHPLFDO VKLIWVY RI HDFK IR UPDBRWWKAREBLH@W HS 8 H \\\QWHIU DUKHGWV H
WR WDNH LQWR DFFRXQW WKH HIITHFWV RLGWRQVKWHDRQ FKHP&KBI® L\
SRZHUIXO VWUXFWXUDO FRQVWUDLQWS/U RN D® & \VPORKHILY EQ 6WIH (W X § F
DO GKOHQG FKHPLFDO VKLIW YDOXHEHVDRG &Y QQXRKROHL ZHUH XVHG
7$/261 6KHQ DQG %D] ZKLFK VKRZV WKDW W R WVLO/RWHHGWY M UNKK
VWUXFWXUH /' $ *RXOW HW DO RXU KBQId ERR&SWH AVWKIUDQGRP F
7KH RSHQ VWU X F WDhblieeskd&ndinbh@imtadtRvKH bnly minor conformational differences

Z LW K L Bhelit&sttompared to the closed structure. There are some differences in the loops between
W KBhelices, particularly between helices 1 and 2. However, thH 7$/26 1 SUHGLFWLRQV DL
FRQILGHQW LQ WKH ORRSV DQG MAR LAD ORMIOIHVRIUBE GRW DS RW\GL B/ GVH
FRQIRUPDWLRQ XVLQJ 7$/26 1 DORQH

‘H WKHUHIRUH FRQVLGHU ZKDW LQIRBPDWHKIR (5 FIDIQUEHK RHEW DQ OFH
EHWZHHQ WKH FORVHG@GG BSHZ MRKIPVYH GLIIPDDQGF&E VDIRKY WKH VLP.
WR LQWHUSUHW EHFDXVH WKH\ GHEHQGDRD DQOORY HIXFN BRROQOWREH H]J

GLKHGUDO DQJOHV DQG K\GURJHQZEDREDGNIW HWROWKH EDRANBRIHD Y, +1
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211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226

227

DOVR VWURQJO\ DITHFWHG E\ K\GURURRSERY GLODKRWR WHKH DRDUDIH VW (
DQG EKHPLFDO VKLIWV )LJXUH DUH P DML | R XWORE) HRMK H H VALGAKKH W K
WHUPLQDO HQG RI KHOL] DQG LRKWEWWNXRDQOEHWZGHQHWKRFHY DUH
KHOLFHV DQG 7KLV GLVWULEKWH@REH R IVEKIA A VMADWO WKDWVL@LWKH RS
GHWDFKHG IURP WKH UHVW R WHKRHQRXIFGO HQ AKKH F QAQRWHBDIRQU P LV ZL
RI KHOL][ JLIXUH 7KH FKHPLFDWP VKR IQRWRD O/ERIZRSSH/R FDOFXOD
KHOLFHV DQG +1 DQG 1 VKLIWV WKLXUFHR® BO ¥V L\RXB SRULWH WKH &
EXW OHVV XVHIXO )LJXUH 6 & & KRIWP WFIDKD WIKQ BR S FIRHO HEHRHYR @ DW )
YHU\ VPDOO LQ DOO FDVHV VKRZLOYR WKHWUWE®EBBH ERLORVAMKUDXQRW X U
XVHIXO LOQWHUQDO FRQWURO IIRQW WKKHWI BROIOWY LIRM WKH FKHPLF

‘H KDYH DOVR DQDO\|JHG WKH GEHEYHEGQGHRW LI SGHNYWVHEHW ZHH
RSHQ IRgr&éent="'G 'G )LIXUHV DQG 6 7KH JUDGLHQMPUHBG WW VI R/IC
WKH QXFOHXV DOWHUYV ZLWK LQFUHDVUQURFDKOVNRE&HU DA ENVODWP\H D

'gradient values can therefore highlight regions where the compressibility has changed between
WKH FORVHG DQG RSHQ FRQIRUPDWLRQMG&RR UE W VUHLDOWHQW B\HWX
ZLWK ODUJH ' 'ggedidrd WaluasHndicating regions where the open structure (state 2) is more
FRPSUHVVLEOH ZKLFK LQ JHQHUDO P H D[@Y LRROWWGrRRaRHesibriE[SRV H G
DQG &LJI 6 & DQG ' VKRZV WKDW KHOLBPHVW PRDBQJKIVY HE MAHRP ODQUJIHQ|
HISRVHG LQ WKH RSHQ VWDWH

7KH FKHPLFDO VKLIWV RI DPLGH SHBWR XYGJWRH MW BERQGQQ D I I:HF

7 K Hyradient values therefore provide insights into hydrogen bonding in the open form. To
L Q WH U S'grddieéntwaduds, it is helpful to consider temperature-dependent shift gradients of amide
SURWRQV $OWKRXJK LQ JHQHUDO QRIQPHRIGH RIYMHID WRQIG HG DFALKDQ W V
ERQGHG +1 %D[WHU DQG :LOOLDPMRI}IQ ERQWVGWMGRQLIRD XNGD PRUH QHJ
WKDQ ZHDNO\ K\GURJHQ ERQGHG +1 UBHERKDXKR/®\ @ KN ¥ HHSJUFRHNGR DYV WK H

DQG DUH WKHUHIRUH PRVW DIIHFWHGH YW RD ORPPKRY RV DL@GERQGLD
11
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246

247

248

249

250

251

252

253

WKH VDPH ZD\ DPLGH SURWRQV LQ V\®D B QH WK SEHBMIEHRQVG VKK DW H) U
WKDQ WKRVH LQ ZHDN K\GURJHQ ERK G'YradieRtQalidsTindicd W OP LSRY BWRW R
WKDW KDYH VKRUW K\GURJHQ ERQGQH.JID WksHer CaRiasH@icate drRide Z K L O H
SURWRQV ZLWK VKRUWHU K\GURJH® HgRdEet Vallel avé KHowR B iHiguré RAL P
7KURXJKRXW WKH SURWHLQ EXWGS D UMKH XODDU BhaQieDIsKANDE Be-ovik D Q
WKH RXWHU IDFEHV RI KH O L F gratighis teddHo ®ad thel ifhid tatasl Thettlosed NMR
VWUXFWXUH LV FRPSRVHG RI OMRICEs, QR e datd & &dreRndidaf H GV KDW RO OR Z
WKH WZLVWLQJ RXW RI KHOL[ L[| ERFRWPKIN EX\QUDAKHKWHKUVDKHD FRQVHT
VROYDWHG E\ EXON VROYHQW L Q KMIOH [R SIU@R R/ WKW HE X7TQKGHO®IRW K HRQ D O

WKUHH KHOLFHVY WR EHFRPH VRPHZKDWWROYDMWHK®/ W IDVUWKRMW GUR W H

J)LWWLQJ RI'5 ,99, FKHPLFDO VKLIW FKDQJHV WR (T

'DWD IRU 5 ,99, ZHUH ILWWHG GAVWFVLEHGDIRZ B\ WDRFOWKBWIK LQ WKL\
DQG 1 VKLIWV EHFDXVH WRBEHROHGL@BVIORU 5 ILWW LIQR) HATKRKHD W& DR\
JLYHV D SRRU ILW )LIJXUH 6 % LRZHWWWGWAKHO GDWD WKHBE IRXU FRP
PD[LPXP GHYLDWLRQ SSP RXYMHWUDGOIWHRIRMPPHHDQ VT © SSP
GLIITHUHQW JOR E D®=8.84kbDrroH WCHQUR/= 3.98kJmol NEDU PO PRDKXV WKH
I[IUHH HQHUJ\ GLIIHUHQFH LV ODUVWWAORUVPD®O, IROWVHKBRIOH RERPSD
XELTXLWLQ .LWDKDL@GHW NDORRIOKDPVWHU SULRQ . XZDWD HW DO
SRSXODWLRQ RI WKH HIFLWHG WWRWH RKH KLWKMHREHQA@WIS RH WKH H[F
WR WKH JURXQG VWDWH H[SODLQVHXZKD WK A RFKHH F\L\SD © DK DIQVG F&KIDW G
ZKHQ FRPSDUHG WR 5 ZKLOH WKHLQFDAXQHU 9RSKEOQ BV P@ BIHSOHD N O
7KH YROXPH FKDQJH IRU 5 ,99, LV HHOWRMHBEOWRNV@D IRRQVHBXHQFH RI |

PRODU YROXPH D ODUJHU YROXKH ROE8VMHKGLQW BWHHRWW KHQPWW D QW

$ GHWDLOHG DQDO\@HY HQGHIHN VPKHPLFDO VKBIOY XKXDQJIHWKHR B9

SURFHGXUH JDYH VLPLODU UHVXOWYVYXWR W KR¥VKHRBWPILEGDBG "KWL ISV G L
12
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270
271
272
273
274

275

276
277
278
279

QR +GR EHWZHHQ JURXQG DQG H[FLWHG DWBDWHYYQ MR O\RKZHH G DG W MPO. OD
FKDQJHV IRXQG LQ KHOLFHYV DQG UHQIFIHKWH 6 SUBHAMXEHDI\WW JUDGL
‘gradient = 'G 'G JLIXUH 6 DOVR VKRZ D VLPLODWOW\BEQRIDQHD Q DIXRIH
VWUDLIJIKWHQLQJ RXW RI KHOLFHVIOLQ: NWRRHKREHIRWWBREOAFRXGH ,WKI
PHFKDQLVP UHVXOWLQJ LQ WKH IDWRWE VRHRQMIRG ACDW DR@D®U HMKOUHW L C
WKH FORVHG DQG RSHQ VWDWHY HRUVEZR WW L5Q DRXWs RJIWHQVY[WHURP W
GRPDLQ IROORZHG E\ VROYDWLRQWR IDWKXEWMHO EFKIWRIHWRHEIDFNLQ.

WKUHH KHOL[ EXQGOH

',6&866,21

$ QXPEHU RI SXEOLFDWLRQV KDYH GHHRRQWHVYVRWH A O KWHS KVWUR VKR
GHWDLOV RI KLJKHU HQHUJ\ FRQIRD® HK \Z WWKKD W KCHU BUIRX Q BV WWID|W K
.DOELW]HU HW DO .LWDKDUDWDN DB LPSRVYXERHGWR FKDUD
DSSURDFKHV XQGHU QRUPDO FRQGLWLR@QVWHIQFH[FKD@QDAVUBUHPBY H
ZH KDYH LQWURGXFHG WZR PHWKR®D\W &K BWHYVX®R XVRG VXK YHQIHI M H V
XVH RI VLQJXODU YDOXH GHFRPSRVKWVREHHQ'DSEIW KBXWR 69D'5 GDW |
HW DO -DXPRW HW DO GDWXYXRUD Q® TROWR LWV XVH K
7ZR LPSRUWDQW DSSOLFDWLRQV R Q&% EBHWHRW R RGFHW B bl BIWNM UMK X L U H
DQG WKHQ WR EDFN FDOFXODWH PHG DQRDLWYHWE 7 [} MUKR L QK DHWBI\U UM IGLIXQ .
UHTXLUHG FRPSRQHQWY WKXV SURYVGVYQRW IRXAKLBR U B9V IBDEXOUCH VALY
RXW XVLQJ WKH ZLGHO)\ A DWHibhL mdké&sOitH straiphfto@varet to do (Supplementary

,QIRUPDWLRQ

6HFRQG ZH ILWWHG WKH GDWIKMWK PRGHAAD WKROREGBEHSHMAG ISQW \
FKHPLFDO VKLIW XVLQJ WZR FRQIRUBWWRR§ DEGH 8 WO RWY SUHWH SRIS
ERWK VWDWHY FDQ DOVR XQGHUJR BREBSQHN V LRUH VKU & DONHES HIQNGW Q @

WR WKLV HTXDWLRQ DQG WKN M KWDVWN. QH YLHHBOGG A % FEKDRIMDUWPH W HROXOW W K |
13
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295
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297
298
299
300

301
302
303
304
305

FKDQJHV WKDQ ZKHQ ILWWLQJ WR D UNVKDFXUIDVLFZH[SKRYNGRWKDW I+
TXDQWLI\ WKH UHODWLYH |UHHDIQGHW KHHLY BRWX6 DMWAR YGWDWUSLWH W
VKLIWV EHLQJ D SRSXODWLRQ ZHNVIYKIWHIGY D YRUWK B VR IQW KW KHARWKH
VWDWH FDQ EH REVHUYHG GLUHFW®OD OWKN GRHWU WK-HD GFaCREBHEDR O PAK L | A
FDQ EH XVHG VWUDLJKWIRUZDUGO\VWRI GWKMNBPWZIR WWBD WHWU DRMEX
GLIIHUH@FHEBR KLJKOLJKW ZKHUH VWUXFWXUDO BE&EHWHRGH W OH H U
GLIIHUHGFH® LQGLFDWH WKH UHJLRQV ZKHUH VRONHOW H [SRYW X H B
7KLV LV OLNHO\ WR EH D JHQHUDWRDHAKXXDW GVEFOWHU® DWEMB WS\ (
ZKLFK SURYLGHV HVWLPDWHV Rl WKFRBBWHRYVRE WK W \GILD FRURHQF 1D Q

YROXPHV )RU PRUH OGAHSFHDQYCHOHWVVKXKUHNVNY WKDW DSSURDFK PD\ SUR)

W LV LPSRUWDQW WR HPSKDVL]BUMKDWUW KH KGJKHU B LRV IV PWRIR
FKDUDFWHUL]H WKH FORVHG DQ® RISG @ WV \DDRLIPY F , R MVK 8 RWDURRBAVIHS S
KHQFH LV D JHQHUDO WHFKQLTXH IRUDWKRQDPWHKLQU®J LIDQ S FR\G HR
GHVFULEHG WZR FRQIRUPDWLRQV RRSW WRKRIODUY K GRS N CFOWHBRRG L
H[FKDQJH UDSLGO\ RQ WKH 105 WLRHVRDBH D/KHR DLISB®XFHW DREK D Q J
FRQIRUPDWLRQV ZLWK D UDSLG W WKMVWERRERQHREBRIRRIQ WWEKDW [
DQG WKH WZR FRQIRUPDWLRQV VHHXIZLVBK RREVEBOD U¥Y WKHRWOD PN VX
REVHUYDWLRQ WKDW WKH FRQIRUP RS HRQ D ¥KB QJH HJ R @ GHOR ERG/ K
GLVFXVVHG EHORZ 3UHVVXUH LQGXFKHWROHQRQORZM® RI \WKBLRWKH |
IRUFH LQGXFHV RSHQLQJ RI DOO |RWHKWIDEB R X B VROQX@\H WKHKIH LLHU

XQIROGLQJ LQGXFHG E\ IRUFH DDRMHOYWKBDWEK\ZDXJIRHUVWKHMRKRK FOH LQ G X

7KLY DQDO\VLY ZDV FDUULHG RXWPRQREZ MXH VB\SGIRP Q GOP R W\U D W/L KF
WKDW ZLOG W\SH 5 LV LQ HTXLOLBELOKP REHIWIHHKQLW ZSR SKO® WH G
SUHVVXUH 6WDWH JURXQG VWDWROKPM RQOIXKHY SGHYWD O &R @VUW
RI WKH IRXU KHOL[ EXQGOH GRPDR®VODV BFR\KDIbSD FRXOQW] H® UOHY 6\

VWDWH KDV D VPDOOHU YROXPHMDONGH LV KoH GERA DHOUOH QFHI R Q GAHRAOMKC H L

14
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330
331

LV D W\SLFDO YDOXH IRU ORFDCP XQHR\DHG XKQIREXGL QY RPI/®E HRUWVARI H C
7$/26 1 VKRZV WKDW DOO IRXU KH O RPHWXD b HR YV WIKGIOV SWHWIQM DK AK I
FOHDUO\ E\ DQDO\VLV RDIMK® & LFKHPHGEIEGIKBHWVZHHQ WKH WZR VWD
LQGLFDWHY WKDW KHOL[ LV WEKIHSWHOVRX Y |BRRW KH H IGVWE HRQGHQW
LPSOLHV D FRQIRUPDWLRQDO H[FKD/QFRQDMWWRQWURNDIGD KLQJH PR
$QDO\VLV Rl JUDGLHGW 'GLILOGHEBWWY WKDW DOO KHOLFH®GEXW SI
EHFRPH PRUH OLQHDU OHVV FXUYHG KDY WIKRHL @B H QV WW R RWAX 5D Q9 § K

ODUJHU GLIIHUHQFH LQ ITUHH HOQHUMWEIHWTZHHQ FORVHG DQG RSHQ

BUHYLRXV VWXGLHV KDYH VKRZQ WKIDGV \5%X$0 DEFLHD 6 R P\8 R VIHG H IRP
DQG RI5 )LIXUH $ UHTXLUDQULRQPDOOEMDDIH ERG RURXOWNWHW DO
YLQFXOLQ ELQGV WR WKH VDPH W BRHW ®IQF MK HER $'SRP L @\ I RHU KL
WKH LQWDFW GRPDLQ )LIJXUH%%Q GIRXDORI BY$S®DQG YLQFXO XY MYRI5 L
*RXOW HW DO ,Q DJUHH PHI@ W KRAK WKKOLW ELLVQ GKIDYIEH.QFXOLQ U
RI' 5 *RXOW HW DO SREHUWYV, DRIH&U IDVFHKXYAXDO VWUXFWXUH |
ERXQG WR KHOL[ RI 5 VKRZV VOKDW WXH QWQJIJD H WRRYIHQRKHWKH V X
KHDG LQ D FRQIRUPDWLRQ WKDWSDR)WA RIQI TRILKHORERP SORWHVKH UF
J)LOOLQJKDP HW DO ORUHRWHKDWWKHIUHF HY HPDGHQRH5 FRPSR\
ELQGLQJ VLWHV IRU YLQFXOLQ VEKIRZ®LB\ DQYYOWWLW AR MDLAYFRX @ L@W K H \
HW DO DQG E\ JHO ILOWR@WRLRD VKRERHOHRURXWW HW DO
VWUXFWXUH FKDUDFWHUL]JHG KHUWH KBNS RAKHGY [EXFK Q RQV VAHADHD RHID R M O
WKH YLQFXOLQ JURRYH )LQDO®D@H QR WHR QWKWK BW OOLL@I PDIQHW
LQWHUSUHWHG WR VKRZ XQIROGWQJSRI ¥ LPWODURMRHVRHDRRXH H[SH
DFWRP\RVLQ FRQWUDFWLRQ FKDUDFERKW JHGE\ §MQ HHWHID¥LRQ Rk

7KLV GLVWDQFH FRUUHVSRQGV DISH RZIKAH-IDNW R H WRRX W K<HH O HFQHIW
RXW FRPSOHWHO\ ZKLOVW UHWDUQ LD U IVEHL R IKH [SHUMP\H QQV V XPX J J H \

LQWR WKH IRXU LQGLYLGXDO KHDOLFK W Z&FXQOLQW HM FWVKLHD U HXYXOW V
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357

RQO\ WKH RSHQLQJ RXW RI KHOL[ KHDKI[FK\NWUQYRW WRQHISBWHNV |XOC
WKHUHIRUH SURSRVH WKDW W KHUDFEMIORQWD Z IRW K YRL.QG X.OM\Q LSUWRFHHG
JLIXUH & 5,$0 ELQGLQJ WR IROGRHGF 5 SIXO OV YKHOALEORXW IURP W
H[SRVHV WKH ELQGLQJ VLWH RQKKNOLQPORRY KHQEKOMR DQWHWDFW :
RI YLQFXOLQ IXUWKHU RSHQV RXWH@WIKH GRPDLQ IDWQCGLHM[IISEVH\R KEH D
VLWH IRU YLQFXOLQ WKDQ KHOH[YLQPX QWQLE LRGH RI WIKHHWKROLWYD O L
VFUHHQ %DVV HW DO %LQGERQP RO HWEPX RISH AR ROHMD W KH GRPI
PRGH Rl DFWLRQ DOORZV IRU JUDGXMERMNQG GFRURY HUVQR  LIQRPO b (B E |

SURYLGHV VFRSH IRU PRGXODWLR QUHGVEK\HWLKQHVHIURDGFRULLFFQ D YR QW A K\

7KLV VWHSZLVH PRGHO DJUHHV ZHOLP IZQWE& MX AV KLQMH ¥V INHVEL F V7 K
REVHUYDWLRQV XVLQJ PDIQHWLF WXHHYHKBY Q<WRDHWIROGHG D®DB XQ
5 5 DUH DSSUR[LPDWHO\ HTXDOOL@RIROPANWIRG DS DZXWUHBDNF KV KH
VXJIHVW WKDW WKH RSHQ DQG FOBVBRSROUPWHGI EQDWKHHDEDIOQFH
IRUFH ORUHRYHU LW ZDV VKRZQ HDWKIOWWB *BXOBLA®VDOHU\ ZHDNC
VXIJIHVWLQJ D ORZHU SRSXODWLRREWRHUNKIE KSAHG VWRWHK WKHWH R
UHFRQFLOHG E\ QRWLQJ WKDW RXQU WRDQE CRSHERLQQVI WREKOD R/IHKW R LW KHD

RSHQLQJ RI WKH ZKROH GRPDLQ ERBKKNUWHTIXHHM@HUJHDWHU

2XU GDWD WKHUHIRUH LQGLFDWH BDVUKD W ¥ Q/ WXGIL HGROBWH G B K
EHWZHHQ RSHQ DQG FORVHG FRQIRUPD\ELRQU RLZV HEXQ URRIP HQW DL
PD[LPXP RSSRUWXQLW\ WR DOWHU DWK W R VYLIOADEQD WP FRRMXURIQ V&
WR 5,$0 RU RSHQLQJ DQG WKHUH|RUSDEMQGXQD W RLWLREXPEBFWHG
RQ WKH GRPDLQ OHDGV WR WKH VVBHRPDLIMH ZRINHQ VG E VRKTW HRQ WV EHQ C
)LIXUH &DOGHUZRRG HW DO ZRXOG/KAWOEREKWKHRB GRPDLQ
PHFKDQRVHQVLWLYH VZLWFK DCWBUHLRU WHFOXQWPROW E\L 6 SULWR W

WR D IXQFWLRQDO UROH RI RHAPOXDBWKRVLRIPRFROESQOM RWKH |
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$XWKRU &RQWULEXWLRQV

1-% 7= DQG 03: GLG WKH H[SHULPHQXWWRW HAW K/t DBREIXVFULSW $00 D.

DSSURYDO WR WKH ILQDO YHUVLRQ RI WKH PDQXVFULSW

$FNQRZOHGJHPHQWYV

‘H WKDQN 3HU /LQFROQ &KDOPHUV Y¥QEVHRY LW\ 6 MDD NI RA6D &B& | R

% % - WR 1-%

6XSSOHPHQWDO ,QIRUPDWLRQ

)LIXUHW 7DEOH 6 ZLWK 'RFXPHQW 6 DVMR@WLILFDWLRQ RI (TXD

&RPSUHVVHG ILOH 'DWDB6 @&/ @ 3Q ¥ WVRWHKMDERVOXFOHXYVY UHODWHCG
6 6 6 6 6 DQG 6

7KLV ILOH JLYHV WKH ILWWHG NFYOXHM W R GHMKUWHRIU ¥ BIG GVRAJKH URNY HDU

FRQWDLQV VKLIW FKDQJHVY ERWK RULJLQDO GDWD DQG SRVW 69
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JLIXUH 1 +64& VSHFWUD RI' 5 DQG 5 ,99, DEMXLIWHRE DWDIMU HMVX WR

YLROHW

$ 5 DQG % 5 ,99, 7KH LQVHWYV XKRB \WKB @GHVVIVX EB ANXRQH DPLGH
IRU * DQG SRVLWLRQHG DWIWKKHOL[WHD®GQD O HBIQIFK LV ORFDW
RI KHOL[ 7KHVH UHVLGXHV WRIHWKMMLELRAXURDWKUM VKRB ZKHUI
LV OHVV FXUYHG IRU 5 ,99, )RU D GUDHRAW FROGSDIULWRQ RHN SHEFEXW

FKHPLFDO VKLIW GLIITHUHQFHY DQG WHKHHHORFOWH. BQV RQ WKH VWU;
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JLIXUH$QDO\VLV RI 69" ILWWLQJ

$ 30RWVRIY@RIU WKH 69' FRPELQHG DQDO\VLV RIIEREMEBQHGDPKBFRL
VKLIW YV SUHVVXUH GDWDMIRY 5 %BKH3I®OBR@WXRIRVKH ILUVW H RNV RMUKH
RO O9HFWRUV WR DUH LQGLFDWHG EOFENFBOEXH P®IH@WMD BRGRUWH
DQG YHFWRU LV VKRZQ DV F\DQ FLVEPSIOH )RUD GLWDWLLGJ D/QRs FEXE L F
ORFDWLRQV RI SRRUO\ ILWWLQJ BH VILRAX MAK HV HHX)LYIXO H Y V6 DI@®® \V L V

5 ,99, VHH )LIJXUH 6

100

Percentage change in chemical shift
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Pressure (kbar)

JLIXUH([DPSOHV RI pQ®RWHPLFDKW VKLIW YV SUHVVXUH GDWD IRU 5

$00 FXUYHV DUH UHVFDOHG WR D PDRLPXP RMKRHPOPXY WK DMHFK R B MMD
RI VSHFLILF QXFOHL WR LQFUHDVL®@J BWH Y @)W A D WG B L FFH Q WDV G DX
ILWWHG ZLWXard MaRE®&GMaQFH VSHEIGLFG DQG SDUDPHWHUV DUH VK
OLQHV ) +1 EODFN 9 1 EOXH ,SUHGJURMO®IHQWD DQFB $ &
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502 $land(B) \ GLKHGUDO DQJOHV RI WKH JURXQG \WODWH LEHGCRWNG FR® I\R
503 VWDWH RSHQ FRQIRUPDWLRQ UHG BRIZHMW H @FHRUPIS DRIHHRCE MRV WRK HV K

504 VWUXFWXUDO HQVHPEOH ERhBIEdY aFelindieddad.V 7KH IRXU
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JLIXUHLITHUHQFHV LQ FKHBtEBD&BVIKIHWZHHQ WKH JURXQG VWDWH VW

FRQIRUPDWLRQ DQG WKH H[FLWHG WYMDWBWLROQX RV %UH RSHQ FR

$ EBnucleiand (B) C Enuclei. The bars indicate relative chemical shift changes from G,s |R& JURXQG
VWDWH EG@GDFM[FRQYE G VW DW HDHhélldes aredrididateR X))RU FRUUHVSRQGYQJ GLI|

LQ +1 1 DQG &1 VHH )LIJXUH 6 WVQRURBU WXKH GH H HIUHQARH 6

JLIXUH "LITHUHQFHV LQ FKHMGEFBO MXLIBHWZHHQ WKH JURXQG VWD

FRQIRUPDWLRQ DQG WKH H[FLWHG YWDIWH RSHQ FRQIRUPDWLR

'LITHUHQFHV DUH VKRZQ RQ WKH ORZHXW BQWRUGHUH B WUWAWRUGIX V
DQG WKH FDUWRRQ GHSLFWLRQV FRPSUKMHL UBYGGXNMWHS PL@IRDUH L

KHOLFHYV DUH QXP Bvalud$®r C Dhuclei (colored backbone and spheres) and C Enuclei
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VSKHUHV RQ VLGHFKDLQ VWLFNV DQ®IQBSRYWWYMH FORNWMMV.QQ HGXH2
VWDQGDUG GHYLDWLRQ DUH HQGHRDWH G WDLQ\GD 06 LGHYGDWHBRQV L

ODUJHU VSKHUHYV % 6DPH DV SIDWQHRW&WHH & N 3/MWD WKWV EFDO D[LV

JLIXUH 'LITHUHQFHV LQ GHSNYEHEW Jhgeditni® WS +A% IRU +1 QXFOHL

EHWZHHQ WKH JURXQG VWDWH FORN HGFERHE® WRDDNWIR QR PHG APMRIQ TR U

$ 5 DQG % 5 ,99, VKRZQ RQ WKHVWRZHWXHYHUITEKHIGEVRUGHUHG
VKRZQ DQG WKH FDUWRRQ GHSLFWLRQV FRRBUL VIHQGH& MGHKUWHR/L ® L DNR

DQG KHOLFHV DU Hyr&giEm ZatiesH-QG standard deviationaUH VKRZQ ZLWK SRVLWLY
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526 EOXH DQG QHJDWLYH YDOXHV LQVUHG VIMMKGDDGJBHYLDMULRQNH LQG
527 FRORUV )RU D JUDSKLFDO YLHZ RIDMKH5IUBRGLHABWSHBOXMHORWHH )|

528 6

529
530 )LIXUH3URSRVHG PRGH RI DFWLRQ RI WDOLQ GRPDLQ 5

531 $ %LQGLQJ VLWH RQ 5 IRU 5,$0 L9QLQ&HQBOWRWHEG R/QVD WIIRU %L QFXOLC
532 & ,Q WKH XQDFWLYDWHG |XO0OQHBGH @INK KHIRWHVQ BQGV FRWP D ELQC
533 ZKLFK LV DEOH WR ELQG UHYHUVLEOFHVRS WK GIO® VEHGP BRRPHQ W) |
534 F\WRVNHOHWRQ UHODWLYH WR WHH EX Q&XMO0 \H FSHRV/IL[Q J RXK\H | B R®G L Q
535 YLQFXOLQ 7KLV HQDEOHV YLQFXRX® WR H EQQ GIXH WAKH. & KR BHKGIQQH [S R
536 D VHFRQG YLQFXOLQ ELQGLQJ VLWSHRQGJORIDBQ Q JI R ARPSBLOFHHW H 7R

537 VWDELOL]HV WKH FORVHG VWDWH DQG GLVIDYRUV YLQFXOLQ ELQGLC
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6 7$ % METHODS
'HWDLOHG PHWKRGYV DUH SURYLGMXLYY S\KSH B @ALG) H QAHOUXVAHR @Y RH 1 R (
.H\ UHVRXUFHV WDEOH
&RQWDFW IRU UHDJHQW DQG UHVRXUFH VKDULQJ
OHWKRGV GHWDLOV
([SUHVVLRQ DQG SXULILFDWLRQ RI SURWHLQ
+LJK SUHVVXUH 105
'DWD DQDO\VLYV

'DWD DQG VRIWZDUH DYDLODELOLW\

ABBREVIATIONS

5 GRPDLQ 5 RI WDOLQ 5 ,99, 7 , RXWDWLRQ RI'5 5,%$0 5DS *73 L

DGDSWRU PROHFXOH 69' VLQJXODU YDOXH GHFRPSRVLWLRQ

STAR¥ METHODS

KEY RESOURCES TABLE

REAGENT or RESOURCE \ SOURCE \ IDENTIFIER
Bacterial and Virus Strains
E. coli BL21 STAR (DE3) | Thermo Fisher | Cat #C601003
Chemicals, Peptides, and Recombinant Proteins
I5NH4CI Sigma Aldrich Cat # 299251
13Cs-glucose Sigma Aldrich Cat # 389374
TEV protease Recombinant-In house | N/A
Hi-Trap QFF GE-healthcare Cat #17-5053-01
TCEP Sigma Aldrich Cat # C4706
TSP Sigma Aldrich Cat # 269913
Deposited Data
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R3-1VVI assignments BioMagResBank 26880

Experimental Models: Recombinant DNA

pET151/D-TOPO plasmid Goult et al. 2013
Software and Algorithms
SVvD Matlab
TALOS-N Shen & Bax, 2013 https://spin.niddk.nih
.gov/bax/software/T
ALOS-N/

Method details

([SUHVVLRQ DQG SXULILFDWLRQ RI SURWHLQ

'LOG W\SH PRXVH WDOLQ IUDJPHQW 5 ,%UHWDOXBIQW 7 ,DIQG9 7 9 7
ZHUH SUHYLRXVO\ FORQHG LQWR S(7 ', T2BRWHIBIHY VLIHRIF REEQR D C
KH[D KLVWLGLQH WDJ *RXOW HWURMWHLQV BZHERREBSQBYWHG DQG SXL
SUHYLRXVO\ *RXOW HW DO UR @XEHGOREMUFRDNL BLR/ZDo7$5 '( FXO
LQ /% RU [0 PLQLPDO PHGLXPLFROWDI®LQJ JDXFREHIRMFRVH &HOC
ZHUH JURZ® DWR DQ Rl FRRORGDWR LQGXFHG XVLQJ PO ,37* IR
+LWDJJHG SURWHLQ ZDV SXULILH® EIUDLFK\HEG ®ORDILQV\ \FWDRBD UG S|
ZDV UHPRYHG E\ FOHDYDJH ZLWK 7(XIURWHDVH SRODREB®/ IERQV 3UF
SXULILHG XVLQJ DQLRQ H[FKDQJH FKORFDWRIS BSKFRUKOQ D*( PHDC
BURWHLQ FRQFHQWUDWLRQV ZHUH GHWHUPIPQBG GXV¥FD@F XOEDVRHEDB

FRHIILFLHQWYV

+LJK SUHVVXUH 105

6DPSOHYV M contained 1 mM R3 or R3-IVVI and were dissolved in 20 mM sodium phosphate pH

PO 1D&O PO 7&(3 1B +2 DQG SODFHG LQ D FHUDPLF WXEH
KLIJK SUHVVXUH SXPS 'DHGDOXV ,QQRYDW&GERHAMNV UDUEBPDXNHWIRBWDRDQHG
DQ 0+] %UXNHU $YDQFH , VSHFWU RRRPHWHPTBSHUEW GCUHAHL B/KRIEH 5

0+] % UXNHU '5; VSHFWURPHWHU ILWWHGC DIWK HIKODRBURESDFBHG SUH
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NEDU )RU 51 +64& ' +1 &2 &$&% DQG ' +1&2 VSHFVBUDYHWUYH DED X LIWH
EDU WR NEDU ZKLOHI1IRH4E VSHFWUD ZHUH DFTXLUHG HYHU\
NEDU 3URWRQ FKHPLFDO VKLULY HWKHOVHONOSQRSIGRWRWHY 763 6
$OGULFK DW 1 DSB®R FKHPLFDO VKLIWV ZHUH FDOFXODWHG® KM OD\
J\URPDJQHWLF UDWERNQ®I QXFQHL ¢+ DQBG & { +
3HDNV ZHUH SLFNHG XVLQXDFHOAD Q) HMLIR1I0%6$ DQG H[SRUWH
5 EDFNERQH DVVLJQPHQWY DW DPELHQ R YSQW \HWX WDH ZH U H DA\QDAN B B Ul
XVLQJ ' +1&$&% ' +1&2 DQG ' +1 &$ &2L\HSHF\BUBVDAX DHP E% DFNERQH
IRU 5 ,99, DW DPELHQW SUHVVXUHGZHLG \REMSIOLH B 6@ \WR/Q RQ FHVBIW K R

GHSRVLWHG LQ %YLRODJSHV%DQN KWW WKHE HRE® DIF\FH WGLIXR Q XFKRGG H

'‘DWD DQDO\VLV

69' ZDV FDUULHG RXW. SVDis@ wel-BSEODEY KHG WHFEFKQLTXH IRU IDFWRUL]L
WR SULQFLSDO FRPSRQHQW DQDO\VIVVIQPDG $VRAHYVY IHJW BQGLY WO WL
+RIULFKWHU 1REOH DQG 'DQMWHIB WR EHVWHKHUBRVW ELBIVHG Z|
PHDQLQJIXO GDWD IURP DQ RULJLQ WD LRMQUGHBHURP® G D\H VI RALR

+RIULFKWHU SusoDWHDRO ' FDQ EH IDFWRUL]JHG DV

D = UwWV'

ZKHUH 8SUAMS RQLWDU\ PDWUWI[XQLMWDD\ PDWIM LWYGWUDQVSRSAHT DQG
GLDJRQDO PDWUL[ ZKRVHVGRDH ROHEO HIDHE HGRQNQ K HD ADL. ¢ & IHEIMKDHU
YDOXRIV' DQG DUH QRUPDOO\ SUHVHQWHBGDIOX Hs HMEH@MBIP@ R @XPUIR L F
GHILQHV WKH UDQN RI WKH PDWWISHQGHQYWHFRXKEREHQRMVL KGHUH
LQGHSHQGHQW PROHEXODU VSHFLHV ZKRMV3 LRX RRIGHD WK LUIMWW VDKIHH G
RQO\ D IHZVRKDWKHODUJH YDOXHV ZLWK WKH WHFRDILQH N B DK [EXIVY QR

JHUR VLQFH WKH\ DULVH IURP XQFBURHO®W WG @ WDV HW. Q VWW K HRU[IS IHR L
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WKH UDQGRPOV®@RDWJRURHDYLQD P QUG AH®QDO PDWUL[ DQG DW V
UHGXFH 8 DQGQF RRXRQU\ 7KH {PHDWXOM LEDOFXODWHG LW RWK XV BRJRY
IJUMMHUVLRQ Rl ' LQ ZKLFK RQO\ FRUU H @ DMKHI BIRRIUHH YOHPADX \DWI X&9 ' |
WKH UDQN RI ' LH WKH PLQLPXP QRBRAH @RV QUGHHTSHQBE QWR FIRI QH UL
VKLIW FKDQJHVY REVHUYHG DQG E RUWRRNIRP] WRNWGRW W KWK® UH I

VXEVHTXHQW ILWWLQJ RI WKH GDWD

7KH H{SHULPHQWDO GDWD VHW ZDV I [DFRMGR Y IHE® ULR HY H OIGL W OH) |
FDUULHG RXW VHSDUDWHO\ IRU DPH®H F& bR WRIO DVWKG | VL GIHQ G LIVAARI
FRPELQHG 7KH ILWWLQJ ZDV RI H/ VRVO\D UD VXDHDU KV WIKRHU UDHOVOX @\ W H D Q C
WKH XVH Rl FRPELQHG +1 DQG 1 VKIDWWLEHEDROQ® FKHREFDD VLI W
VKRXOG SURYLGH WKH PRVW UREXV® SDWWLBDYOBUDMWKW @RLVH RQ H
LV UHGXFHG LQ DQSIGHIKQ FFOKHWEN LV DSSUR[LPDWHO\ DQDF WRG RI
1 VKLIWV WRJHWKHU +HQU\ DQGZBIDMBKWHR®YVLVWHE&HUVHSDUDWH
+1 1 &. & DQ& FKHPLFDO VKLIW FKDQJHYV IRIU D5Q GDRXH E DFINE R/GKH
FKDQJHV IRU 5 ,99, DW HDFK SUHVE¥XUB B3QG&\WKLIRMVWAKH FDUUL
LQGHSHQGHQWO\ EHFDXVH WKH QXMPEEGRQRR WHIVQ B X SN GZ VWXKQ R DN E DL
HDFK JURXS 5DWKHU WKDQ XVLQJ DHEW RW KM Hi [SKHIR PFHIOW B OL G/ W D (7
FKDQJHV LQ FKHPLFDO VKLIW IURP GWH Q'L WMDWLBK HPIL BB ¥ RCKUMM
RQH YHU\ ODUJH VLQJXODU YDOXHHBHFOBFWKIQW WIDH XHWD UMRIHW K |
VPDOOHU RQHV ZKHUHDV ILWWLQJ RH GHYIPBWHDNOVV KL R DU | YHDUDHKGF/H F

VLIH 6XEVHTXHQW OHDVW VTXDULHWI L WAQLUOQ IDIQGCWRHQLIFR WH W R E
3HDNV WKDW VKRZHG HYLGHQFH RI LGMWQWPHGQDWKHH[FKD @2H&

V S HF Whpbeceéling T802, D803, 1805,v808, E810, F813 and S814, and C Epreceding L806, V808,

7 ( DQG ) WRIJHWKHU ZLWK BHMPNDWROLRXKPEHUN VPDOO FKHPLF

ZHUH UHPRYHG IURP WKH DQDO\VLNRPBRQRQMQJ RVKH 6D QB ®ODERYH

VHW WR JHUR DQG XVHG WR FGDWRVBWHIWKKHMMHREKHRAUMHMHO VKLIW FK
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WR KDYH WKH VDPH PD[LPXP VKLIWWKBQILIWWALR DEFERDG HEZ WHMRIQDQFI
FKHPLFDO VKLIW FKDQJHYVY 7KH UHVFDOHG YKDIVWVHNYEARBEHUIVOW B GXWRC
OHDVW VTXDUHYV D OG Brd L WVKlRes ¢ta&eDvith resonance-specific G ¢ 'G DQG

SDUDPHWHUV ZHUH ILUVW REWDDOQH® EDIVWEMHW WIRUAXRYWLARHV Zk
FXUYHG SUHVVXUH GHSHQGHQW FKHPLFIYO O/ KA IRKHFQDQWWL EIDWIKE B
TXDGUDWLF H[SUHVVLRQ 7&&hdHVlaRds wa® estirfaited hyWisiididBferent residues

DQG QXFOHL IRU WKH ILWWLQJ R@GVD GQDRJER DS\ MHANGR RMgndy DOU \ L Q
FDOFXODWLQJ WKH JRRGQHVV REOHW B O &/EN 'REHaa\VoH HAD REWDBIOQBG IR L
VXEVHW RI UHVRQDQFHV WKH YDOXHWEHELHG I I GHIQ'® @6 WH FRQB RO BV
IRUDOO RWKHU UHVRQDQFHV DIVWHIG Z2KR MKKW KRHJ GDWD @ 'DKD X HY AR U
"XULQJ WKH ILWWLQJ IRU 5 LWXHNVVEREQ & UZYHHUH W QDMWY WIK\HFDIY® DOPR
RI WKH VDPH PDJQLWXGH EXW RI RSSRWWGHH VRIJOQLWW LQ JLW KOH FIRKHH
GLIITHUHQFHYVY ITURP WKH VWDUWVY®D D MEN RDJ @&/ RANI® ¢dddeé Bol50%

SRSXODWLRQV RI WKH WZR VWDWHW DWR CRFEB B QOV PSRREHD @R EEH/WHI LR\
WKHUHIRUH UHVWUDLQHG WR EHRESRDDWH) VWDDOQ UWNGEGH ER®\RIWKHU
QXPEHU RI ILWWHG SDUDPHWHUV ED QRIOH V%DHWH RFOH FEXLEXPHWH G O R U
H[FLWHG VWDWHW X6\WKHXY DR/Q6%D | XVLQJ FKHPLFOO RMKHANY YDO X

&IQXFOHL REW BLMRIE IURPSHFWLYHO\

$ W\SLFDGQ €cbpiM@ EaEying out SVD analysis is as follows:
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Contact for reagent and resource sharing

Further information and requests for resources and reagents should be directed to and will be fulfilled by

the Lead Contact, Mike Williamson (m.williamson@sheffield.ac.uk).

6833/(0(17%$/ ,1)250%$7,21
JLIXUH 7DEOH 6 ZLWK 'RFXPHQW 6 DVMRWLILFDWLRQ RI (TXD

&RPSUHVVHG ILOH 'DWDB6 @&/ @ 3Q ¥ WVWHKMDERVOXFOHXYVY UHODWHG

6 6 6 6 6 DQG 6

7KLV ILOH JLYHV WKH ILWWHG FDOXKHNM WR GHMUKUHRIU X BIQG GVRAKIH URNY HDU

FRQWDLQV VKLIW FKDQJHYVY ERWK RULJLQDO GDWD DQG SRVW 69
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