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!"##$%&%'()*+ -)(%*i)$/ )'d -%(12d/ 
!

"a$p&'! p('pa(a)i+,-!$ni'orml, 
-.

/ la1eled 4!(-678) (rPe;tide) =as dissol?ed at - mgAml in B mC 

/aDE =itF .8 mC /aDE added until solution ;E reaHFed --I  JFe 'inal stoHK ;e;tide HonHentration =as 

determined 1, $L a1sor;tion at 2M8 nm =itF an eNtinHtion Hoe''iHient o' -7O8 C
6-

Hm
6-

I  4liPuots o' 

;e;tide stoHK su''iHient 'or HonHentrations o' Q8 and -88 !C in a .88 !l ?olume =ere aliPuoted in 

E;;endor' tu1es, 'lasF 'roTen in liPuid nitrogen and l,o;FiliTedI  Pe;tides =ere resolu1iliTed in B mC 

Jris6ECl ;E MI8 and 'ilteredA1u''er eNHFanged to remo?e /aDE using a 2 ml Ve1a desalting Holumn 

(PierHe) ePuili1rated =itF B mC Jris6ECl ;E MI8I  ENHFanged sam;les =ere Puanti'ied 1, $L as a1o?e 

(,ield o' a1out .8W tFrougF tFe desalting Holumn, as eN;eHted 'or a ;e;tide 1elo= tFe eNHlusion limit o' 

tFe Ve1a Holumn) and 1rougFt to tFe eN;erimental Honditions o' X-8W 
2
E2D, .8 mC EEPES ;E QIM 1, 

adding -88 mC EEPES ;E QIB =itF 28W 
2
E2D and -88 mC EEPES ;E QIMI  JFis ;roHedure =as used to 

a?oid tFe addition o' aHid or lo= ;E solutions to set tFe ;E o' tFe sam;les, =FiHF in our eN;erienHe Han 

Hause ?isi1le aggregation in tFe region o' tFe solution =Fere tFe aHid is addedI 

 

./0!1p'2)(+12+p3!4!
5
6.407!$'a18('$',)1-  4ll eN;eriments =ere ;er'ormed at -8YC using BruKer Q88 

and O88 CET s;eHtrometers ePui;;ed =itF BruKer JCI !6aNis gradient Hr,o;ro1esI Band seleHti?e 
-
E 

;ulses =ere a;;lied tFrougFout tFe eN;erimentsI 4 
-
E6

-.
/ ES\C61ased 2] eN;eriment =as used to 

measure tFe residue s;eHi'iH 
-
E/6R2 relaNation rate HonstantsI

S-
 4ll O8! ;ulses in tFe I/EPJ and 

re'oHusing I/EPJ segments o' tFe ;ulse sePuenHe =ere o' tFe E6B$RP62 or time re?ersed E6B$RP62 

t,;e
S2

 =itF ;ulse durations o' 2I8MB ms at Q88 CET and -I7 ms at O88 CET, Hentered at MI2. ;;mI  4n I6

B$RP62 ;ulse (2I8MB ms and -I7ms at Q88 and O88 CET, res;eHti?el,, Hentered at MI2. ;;m) =as used 

'or tFe 
-
E deHou;ling ;ulse in tFe indireHt 

-.
/ dimensionI 

-
E R2 relaNation deHa, Hur?es =ere o1tained 1, 

?ar,ing tFe lengtF o' tFe initial I/EPJ segment during =FiHF tFe 
-
E and 

-.
/ -M8! ;ulses are a;;lied suHF 

tFat tFe e''eHti?e 
-
"/6E e?olution time is Ke;t HonstantI

S-
  _or a ;e;tide =itF its side HFains ;rotonated, it is 

im;ortant to use an amide ;roton seleHti?e 
-
E -M8! ;ulse 'or tFe RE6B$RP ;ro'ile (2I8MB ms at Q88 CET 

and -I7 ms at tFe O88 CET, Hentered at MI.M ;;m) during tFe I/EPJ ;eriod, =FiHF lea?es tFe E" ;rotons 

un;ertur1ed, tFere1, eliminating 
B
"E/6E" modulation o' tFe ;eaK intensit,I J,;iHall,, Q6M ?aria1le 

relaNation dela,s =ere aHPuired in an interlea?ed manner, and tFe o1ser?ed Hross6;eaK intensit, deHa,s 

=ere 'it to a t=o6;arameter single eN;onential 'unHtion to o1tained tFe 
-
E/6R2 ratesI 

!

./0!1p'2)(+12+p3! 4!"a)8(a)i+,! )(a,1f'(! ':p'(i$',)- 4 
-
E saturation trans'er eN;eriment at Q88 CET 

=as ;er'ormedI 4 Hontinuous =a?e (C`) ;ulse o' -I8 s duration at an R_ ;o=er o' eitFer B.8 ET or -M8 

ET at R_ o''sets ranging 'rom B. KET to 6B. KET 'rom tFe =ater resonanHe =as a;;lied to saturate tFe 

oligomer state and to allo= saturation to trans'er 'rom tFe oligomer state to tFe monomeriH ;e;tide 'or 

readoutI  Immediatel, a'ter tFe C` ;ulse, a aum;6return sHFeme =as used to o;timiTe tFe eNHitation o' 

tFe amide ;rotons (Hentered at MIBQ ;;m) =File 'li;;ing tFe =ater 1aHK to tFe b! aNisI  4 seleHti?e RE6

B$RP ;ulse (duration o' 2I8MB ms Hentered at MIO2 ;;m at Q88 CET) sand=iHFed 1, t=o gradient ;ulses 

(sine6sFa;ed, B88 !s at 72 cAHm) 'ollo=ed to 'urtFer su;;ress tFe residual =ater ;eaK a'ter tFe eNHitationI  

JFe time domain data (287M Hom;leN ;oints, --8 ms aHPuisition time) =ere a;odiTed 1, a sPuared Hosine 

1ell 'unHtion and Tero 'illed to M8OQ Hom;leN ;oints ;rior to _ourier trans'orm using BruKer Jo;s;in 2I-I  

JFe intensit, attenuation o' tFe 
-
E/ en?elo;e at eaHF o''set =as measured as tFe slo;e o' tFe 1est6'it line 

o' tFe Horrelation ;lot o' eaHF s;eHtrum =itF tFe re'erenHe s;eHtrum o1tained =itF no C` ;ulse a;;liedI 

!

;&'2)(+,!/i2(+12+p3! <;/=- EleHtron miHrosHo;, o' negati?el, stained sam;les o' 4!(-678) aggregates 

=as ;er'ormed essentiall, as desHri1ed 1, J,HKo and Ho=orKers
SB

 =itF minor modi'iHationI  Brie'l,, 2I. 

!l o' an /CR sam;le =as ;laHed on tFe Har1on6Hoated side o' a HommerHiall, a?aila1le Har1on 'ilm 

Hoated Ho;;er EC grid ($ltratFin Car1on _ilmAEole, Car1on, Jed Pella InHI)I 4'ter a . min adsor;tion 

;eriod, solutions =ere 1lotted, =asFed tFree times =itF . !d deioniTed =ater 'or . s and 1lottedI  . !d o' 
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Equilibrium Binding model. J!64-+*,-+*1*3)/%1!$-/*+2!*(2-(!-=')1)8()',!8)+2)+3!,*2-1!.*(!&4-!

%$$*/)%&)*+!*.!,*+*,-()/!6-6&)2-!&*!*1)3*,-(!/%+!8-!(-6(-$-+&-2!%$!.*11*0$K!

! ! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! >"/4-,-!"1@!
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!!!!!!!!!!!!!!!!!!!!!!!!!!!
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1
G\! (-$*+%+/-$!0)&4! &4-!$,%11! R"

dar& ! (%&-$! (3]]!$
;1
)!0)11!

,%F-!%!+-31)3)81-!/*+&()8'&)*+!&*!%!$&%+2%(2!1M!
1
G;\7B!$6-/&(',L!$'/4!&4%&!*+1I!&4-!

1
G\!(-$*+%+/-$!*.!

&4-!.(--!,*+*,-(!%(-!*8$-(P-29!
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! ("2)! _--+L!G9Q!C(--,%+L!B9!%&'()*#&'+,-"#&!3443L!12L!a3;1#19!

! ("3)! [4-+L!b9Q!:4'(8-(L!c9!B9Q!"4-0,%F-(L!C9Q!S)/F+-(L!B9!b9Q!:I/F*L!B9!34"5&'6)78&'95):&';5<&'=&';&'
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Table '1.  
$#

%&'( r*+,- *./ -+*./*r/ /,01*+12.- 3-4/45 6,*-7r,/ *+ 800 :;< =2r >0? $#0 *./ @00 !: 

A!3$&B05 -*6CD,-4 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
                                                             #$%&' (!)*+,-. /$0/e0%r&%i$0 

!                   4- !5!                  *6- !5!                  7-- !5!

8e9i:ue 
<u=>er!

82 
)9+*.!

        9@:@  
       )9+*.!

       82  
     )9+*.!

       9@:@  
       )9+*.!

  82 
)9+*.!

       9@:@  
       )9+*.!

7! 7@AB! -@-,! ,@-A! -@-6! 6@,7! -@-,!

,! ,@*,! -@-,! ,@67! -@-6! 4@-7! -@-,!

6! 6@76! -@-A! 6@C6! -@-C! A@7-! -@-A!

A! B@4-! -@*A! B@77! -@*A! **@6B! -@*6!

C! B@*2! -@*6! B@*4! -@*4! *-@B7! -@*,!

B! A@77! -@*-! A@6C! -@**! B@7,! -@**!

*-! 6@47! -@-4! 4@2C! -@-A! A@B*! -@-C!

**! 6@B2! -@-A! 4@4*! -@-B! C@6*! -@-B!

*2! 6@CA! -@-A! 4@67! -@-C! C@74! -@-C!

*7! *2@2C! -@24! *2@*2! -@2A! *,@6A! -@2C!

*6! *6@66! -@,2! *6@-2! -@,6! *A@A-! -@62!

*4! C@*,! -@*7! C@A6! -@*6! *-@B2! -@*4!

*A! 4@2*! -@-B! A@-B! -@**! B@24! -@*2!

*C! 6@6C! -@-A! 4@62! -@-B! C@,7! -@*-!

*B! 6@B,! -@-C! 4@C2! -@*-! B@-B! -@*2!

2-! 4@-2! -@-C! 4@B2! -@*-! C@C! -@**!

2*! 6@,*! -@-A! 4@7C! -@-B! C@*2! -@-B!

22! ,@B6! -@-6! 6@A,! -@-A! A@42! -@-A!

27! 6@*,! -@-4! 6@C7! -@-4! A@4*! -@-A!

2,! ,@47! -@-6! 6@27! -@-6! 4@CA! -@-4!

26! 4@-2! -@-A! 4@74! -@-A! C@-7! -@-C!

24! A@*B! -@-B! A@4C! -@*-! B@-,! -@-B!

2A! *-@,A! -@2*! **@*C! -@2*! *2@7B! -@*B!

2C! 4@B6! -@-B! A@-B! -@-B! B@-*! -@*-!

2B! 4@--! -@-A! 4@,-! -@-C! C@22! -@-C!

7-! ,@6B! -@-6! 6@*7! -@-4! 4@A7! -@-4!

7*! ,@*2! -@-,! ,@C-! -@-6! 4@47! -@-4!

72! ,@66! -@-6! 6@2A! -@-4! 4@B4! -@-4!

77! ,@B6! -@-6! 6@6,! -@-A! A@,*! -@-A!

7,! ,@-4! -@-6! ,@A4! -@-6! 4@62! -@-4!

76! ,@2-! -@-6! ,@B2! -@-4! 4@44! -@-4!

74! 7@,C! -@-,! ,@*6! -@-,! 6@AB! -@-6!

7A! ,@6*! -@-6! 6@--! -@-6! 4@A-! -@-4!

7C! 7@4,! -@-,! ,@**! -@-6! 6@,6! -@-6!

7B! 2@,6! -@-7! 2@C,! -@-7! ,@,7! -@-7!

,-! 2@22! -@-,! 2@A-! -@-,! 7@AB! -@-,!

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 
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&'() r+,-. +/0 .,+/0+r0 0-12+,23/. 4.5056 7-+.8r-0 +, #99 :;z =3r #9, $%9 +/0 ?99 !: 

@!4$'A96 .+7BC-.5 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#$%a'"(!)*+,-."/$0/10%ra%3$0"

! """"""""""""""""""4-"!5! """""""""""""""""*6-"!5! """""""""""""""""7--"!5!

R193d;1"
<;=>1r!

R2"
)9+*.!

""""""""9@d@""
""""""")9+*.!

R2"
)9+*.!

""""""9@d@"
""""")9+*.!

R2"
)9+*.!

""""""9@d@""
"""""")9+*.!

7! 7@,4! -@-2! 7@A*! -@-2! ,@B7! -@-,!

,! 7@4*! -@-2! ,@*6! -@-2! 6@7*! -@-,!

6! ,@A6! -@-7! 6@2-! -@-,! 4@7,! -@-A!

C! A@BA! -@27! A@A4! -@*6! *-@4! -@2A!

A! A@72! -@*7! A@66! -@*,! *-@*! -@26!

B! 4@6C! -@-C! 4@A7! -@-A! A@-C! -@*,!

*-! ,@CB! -@-7! 6@,7! -@-,! 4@B*! -@*-!

**! 6@-2! -@-7! 6@CB! -@-6! C@*6! -@**!

*2! ,@AB! -@-7! 6@4C! -@-,! C@*7! -@**!

*7! *-@,2! -@26! *-@B-! -@2C! **@4*! -@,B!

*6! *,@6*! -@,C! *7@B4! -@6,! *4@7B! *@-*!

*4! C@*B! -@-B! C@B4! -@**! B@44! -@26!

*C! 6@7,! -@-,! 4@77! -@-C! A@*2! -@*C!

*A! ,@44! -@-7! 6@C-! -@-6! C@7A! -@*7!

*B! 6@-C! -@-,! 4@*C! -@-4! C@AB! -@*6!

2-! 6@*6! -@-,! 4@*B! -@-4! A@-,! -@*4!

2*! ,@A2! -@-7! 6@A-! -@-C! C@,7! -@*2!

22! ,@72! -@-7! 6@*4! -@-7! 4@6B! -@-B!

27! ,@62! -@-7! 6@7,! -@-7! 4@AC! -@-B!

2,! 7@A7! -@-7! ,@67! -@-2! 6@B4! -@-6!

26! 6@*,! -@-7! 6@C2! -@-,! C@-4! -@*-!

24! 4@4,! -@-4! C@-B! -@-A! A@,*! -@*6!

2C! B@62! -@*B! *-@--! -@27! *-@CA! -@74!

2A! 4@,*! -@-4! 4@C7! -@-C! A@72! -@*6!

2B! 6@,,! -@-,! 6@C*! -@-,! C@-C! -@*-!

7-! 7@B7! -@-7! ,@66! -@-7! 6@BA! -@-C!

7*! 7@47! -@-7! ,@2A! -@-2! 6@BC! -@-C!

72! 7@B7! -@-2! ,@C6! -@-7! 4@7C! -@-A!

77! ,@,7! -@-7! 6@2-! -@-,! 4@A*! -@-B!

7,! 7@,C! -@-2! ,@26! -@-7! 6@A2! -@-C!

76! 7@CA! -@-7! ,@,6! -@-7! 4@-6! -@-A!

74! 7@-*! -@-2! 7@CC! -@-2! 6@*C! -@-6!

7C! ,@*-! -@-7! ,@C6! -@-7! 4@*6! -@-C!

7A! 7@*C! -@-2! 7@47! -@-2! 6@-*! -@-,!

7B! 2@-4! -@-*! 2@6C! -@-*! 7@A2! -@-7!

,-! *@C2! -@-*! 2@7*! -@-2! 7@C-! -@-7!
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Ta#$%&'()& &
$
%&'(2 *+,-. +/0 .,+/0+*0 0-12+,23/. 4.5056 7-+.8*-0 +, 9:: ;%< =3* >:? $@: +/0 A:: !; 

B!4$'C:6 .+7DE-.5 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
                                                               #o%al (!)1+,-. /on/en%ra%i3/ 

                   4- !M                 16- !M                 7-- !M 

8esidue 
<u=>er 

82 
)s+1. 

         s.d.  
        )s+1. 

82 
)s+1. 

      s.d.  
      )s+1. 

82 
)s+1. 

      s.d.  
      )s+1. 

7 4.41 -.-6 A.1- -.-, B.B1 -.-7 

, A.,4 -.-6 B.12 -.-, C.A4 -.-, 

6 C.C4 -.-A 1-.,, -.-6 12.27 -.-6 

A 1A.A4 -.1B 1A.67 -.12 1C.,, -.1C 

B 14.C4 -.1A 1A.2- -.12 1B.B6 -.1A 

C 17.,2 -.11 17.BB -.-B 16.B, -.-C 

1- C.C, -.-B 1-.B1 -.-4 12.6A -.-4 

11 11.11 -.-B 12.-7 -.-4 17.6A -.-4 

12 11.17 -.-B 12.12 -.-4 1,.-1 -.-4 

17 22.C1 -.72 22.A1 -.22 26.-7 -.7- 

16 24.C7 -.61 24.,C -.72 2B.,4 -.,, 

14 16.A7 -.1, 14.27 -.1- 1B.47 -.1B 

1A 11.C6 -.1- 17.14 -.-B 16.7, -.1- 

1B 11.A2 -.-C 12.CC -.-A 1,.4C -.-B 

1C 11.62 -.-C 12.CB -.-B 1,.AC -.-C 

2- 11.66 -.1- 12.B- -.-B 1,.46 -.-B 

21 1-.12 -.-B 11.16 -.-4 17.-7 -.-A 

22 C.12 -.-4 1-.1B -.-6 11.C- -.-6 

27 C.4- -.-A 1-.6A -.-6 12.1B -.-6 

2, B.7C -.-4 C.26- -.-, 1-.C6 -.-, 

26 1-.47 -.-A 11.,1 -.-6 12.C6 -.-6 

24 12.A4 -.11 17.-7 -.-A 1,.41 -.-B 

2A 1C.,B -.27 1C.CC -.14 2-.7- -.27 

2B 12.,A -.1- 12.A2 -.-A 1,.,6 -.-A 

2C 1-.BC -.-A 11.62 -.-6 17.22 -.-4 

7- A.,6 -.-4 B.22 -.-6 C.C- -.-6 

71 A.C7 -.-6 B.AC -.-, 1-.42 -.-, 

72 B.71 -.-6 C.7, -.-, 11.1, -.-, 

77 C.47 -.-4 1-.61 -.-6 12.,4 -.-6 

7, A.72 -.-4 B.12 -.-6 C.BC -.-6 

76 A.4A -.-4 B.6B -.-6 1-.72 -.-6 

74 4.26 -.-6 A.16 -.-7 B.B- -.-, 

7A B.,- -.-4 C.1A -.-, 1-.BA -.-, 

7B 4.77 -.-6 A.-A -.-, B.B1 -.-, 

7C ,.-4 -.-, ,.A, -.-2 4.71 -.-7 

,- 7.77 -.-, 7.CA -.-7 6.,C -.-7 

FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF 
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Table S4.  
$
%&'()! r+,-.! +/0! .,+/0+r0! 0-12+,23/.! 4.5056!7-+.8r-0! +,! 9::!;%<! =3r! 9:>! $?:! +/0!@::!!;!

A!4$'B:6!.+7CD-.5!
!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
                                                               Total A!(1-4-) concentrati3/!

                6- !M                  15- !M                  3-- !M 

Residue 
Number 

R2 
(s-1) 

        s.d.  
        (s-1) 

R2 
(s-1) 

      s.d.  
      (s-1) 

R2 
(s-1) 

       s.d.  
(s-1) 

3 6.55 -.14 7.-3 -.-6 9.-4 -.12 

4 7.-3 -.15 7.9C -.-6 9.57 -.14 

5 9.C5 -.22 1-.37 -.-9 12.-1 -.2- 

7 17.55 -.66 17.54 -.24 1C.93 -.71 

C 14.76 -.33 16.C5 -.2- 17.C3 -.55 

9 13.-- -.24 13.6- -.1- 15.31 -.26 

1- 9.-9 -.21 1-.22 -.-9 12.31 -.21 

11 1-.-6 -.2- 1-.C9 -.-9 13.-1 -.22 

12 1-.3- -.19 11.19 -.-9 13.66 -.23 

13 1C.5- -.9- 21.2- -.42 24.67 1.-3 

15 25.5C 1.65 24.75 -.6C 26.36 1.63 

16 14.55 -.29 15.74 -.15 17.C- -.59 

17 11.61 -.24 12.C- -.11 14.44 -.33 

1C 1-.53 -.22 11.C3 -.1- 13.C2 -.2C 

19 1-.7C -.23 12.15 -.1- 14.33 -.3- 

2- 11.-C -.24 12.2C -.11 13.91 -.31 

21 1-.12 -.2- 1-.55 -.13 12.57 -.22 

22 C.51 -.17 9.7- -.-C 11.49 -.1C 

23 C.75 -.17 1-.1C -.-7 12.-C -.1C 

24 7.46 -.14 C.71 -.-6 1-.C2 -.14 

25 1-.-9 -.1C 11.1C -.-C 12.96 -.1C 

26 12.16 -.26 13.29 -.11 14.9C -.3- 

27 19.34 -.CC 19.59 -.36 19.36 1.24 

2C 12.35 -.24 12.71 -.1- 14.23 -.26 

29 1-.64 -.19 11.3C -.-C 12.71 -.19 

3- 7.-9 -.1C 7.C7 -.-C 9.C7 -.17 

31 7.39 -.13 C.61 -.-6 1-.76 -.14 

32 7.92 -.15 C.CC -.-6 11.11 -.16 

33 C.92 -.17 1-.-6 -.-C 12.-9 -.17 

34 6.C5 -.17 7.94 -.-C 9.C7 -.1C 

35 7.C2 -.1C C.61 -.-C 1-.2C -.1C 

36 5.73 -.14 6.95 -.-6 C.99 -.15 

37 C.42 -.16 C.94 -.-7 1-.C3 -.14 

3C 6.31 -.13 6.C3 -.-6 C.71 -.13 

39 3.91 -.13 4.64 -.-5 6.45 -.1- 

4- 3.-4 -.14 4.-1 -.-6 5.72 -.-9 

***********************************************************************
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