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M (t) = A(t)M (0)
where,
A = e−Rt



we write R as
R = R '+ R2I
where
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next we use a similarity transform to diagonalize R' according to
D =UR 'U −1



where D is the diagonal matrix of eigenvalues of R', λ± , given by



D =
λ+ 0
0 λ−



⎡



⎣



⎢
⎢



⎤



⎦



⎥
⎥
, λ± = (R1α ± iω) / 2, ω 2 = 4π 2J 2 − R1α
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in terms of these quantities A(t) becomes



A(t) = exp(−Rt) = exp(−R2t)U
−1 exp(−Dt)U =



a11 a12



a21 a22
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where



a11 = 0.5exp(−R2t) r− exp(−λ−t)+ r+ exp(−λ+t)⎡⎣ ⎤⎦



a22 = 0.5exp(−R2t) r+ exp(−λ−t)+ r− exp(−λ+t)⎡⎣ ⎤⎦



a12 = 0.5(iπ J /ω)exp(−R2t) exp(−λ−t)− exp(−λ+t)⎡⎣ ⎤⎦= −a21



r± = (1± iR1α /ω)
note that the intensity ratio (IB / IA ) and the scale factor c used to correct Jeff  (discussed 
in the text) are independent of R2because exp(-R2t) enters the expression for M(t)
as the same multiplicative factor in the presence and absence of refocusing pulses.
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t) enters the expression for M(t)

as the same multiplicative factor in the presence and absence of refocusing pulses.


Table S1. JHNH values derived from ARTSY-J measurement (800 MHz, d = 40 ms, unscaled values) for GB3 (1.2 mM, 298 K). A scaling factor of 1.06 brings the JHNH values close to those predicted by the Karplus equation. 

	Residue
	3JHNH( (Hz)

	Y3
	9.44

	K4
	9.14

	L5
	9.17

	V6
	9.42

	I7
	9.23

	N8
	9.60

	G9
	8.55

	K10
	5.06

	T11
	9.90

	L12
	7.72

	K13
	9.15

	G14
	5.53

	E15
	8.07

	T16
	6.57

	T17
	8.60

	T18
	6.55

	K19
	8.91

	A20
	7.35

	V21
	4.12

	D22
	6.67

	A23
	3.04

	E24
	3.89

	A26
	3.85

	E27
	3.40

	K28
	3.88

	A29
	4.83

	F30
	4.82

	K31
	4.16

	Q32
	4.95

	Y33
	3.23

	A34
	3.80

	N35
	3.91

	D36
	3.90

	N37
	8.90

	G38
	7.72

	V39
	8.88

	D40
	8.34

	G41
	6.28

	V42
	8.59

	W43
	8.41

	T44
	8.64

	Y45
	9.25

	D46
	9.74

	D47
	4.06

	A48
	4.32

	T49
	9.60

	K50
	7.20

	T51
	9.74

	F52
	9.11

	T53
	9.14

	V54
	9.48

	T55
	9.74

	E56
	8.28


Table S2. JHNH values derived from ARTSY-J measurement (900 MHz, d = 30 ms, unscaled values) for HIV-1 Protease (0.15 mM dimer, 298 K).  A scaling factor of 1.13 brings the JHNH values close to those predicted by the Karplus equation (Fig. 5).

	Residue
	3JHNH( (Hz)

	Q2
	8.45

	V3
	8.23

	K7
	8.90

	R8
	3.86

	L10
	7.36

	V11
	8.22

	T12
	6.98

	I13
	8.92

	K14
	8.88

	I15
	7.51

	G16
	5.68

	G17
	7.47

	Q18
	8.86

	L19
	7.18

	K20
	7.73

	E21
	8.03

	A22
	7.87

	L23
	6.49

	T26
	3.19

	G27
	6.87

	A28
	8.63

	D29
	3.94

	V32
	8.14

	I33
	8.80

	E34
	8.34

	M36
	5.77

	S37
	7.38

	L38
	8.16

	G40
	8.04

	R41
	6.69

	W42
	8.69

	K43
	9.54

	K45
	8.09

	M46
	9.03

	I47
	9.22

	G48
	7.20

	G49
	6.69

	G52
	7.37

	F53
	7.75

	I54
	8.79

	K55
	7.27

	V56
	8.98

	R57
	8.21

	Q58
	5.77

	Y59
	8.88

	D60
	7.59

	Q61
	6.52

	I62
	7.95

	I63
	6.10

	I64
	8.84

	E65
	8.62

	I66
	7.95

	A67
	5.94

	G68
	7.23

	H69
	8.26

	K70
	5.42

	A71
	8.03

	G73
	5.05

	T74
	5.86

	V75
	9.01

	L76
	7.06

	V77
	8.23

	G78
	4.19

	T80
	7.96

	V82
	8.08

	N83
	6.26

	I84
	8.26

	I85
	7.85

	G86
	8.19

	R87
	8.70

	N88
	9.12

	L89
	9.69

	L90
	4.46

	T91
	8.13

	Q92
	5.32

	I93
	8.75

	G94
	6.93

	T96
	8.51

	L97
	7.91

	F99
	5.63


Bruker pulse sequence code
#include <Avance.incl>
#include <Grad.incl>

#include <Delay.incl>
#define H f1

#define N f3

#define D f5

#define C1 f2

#define C2 f2

; TROSY with J-dephasing in the beginning, followed by ST2PT from H to N

; For quantitative measurement of JHH in medium size proteins

; Reference and attenuated spectra are interleaved

; Obtain JHH coupling from the intensity ratio of the two experiments

;#define TS2  ;comment this out for Topspin3.x

#define HA_DEC_ON

"l0=1"

"p2=p1*2"

"p4=p3*2"

"p22=p21*2"

"d13=4u"

"d26=1s/(cnst4*4)"

;"d28=40m"   ;total 3JHNHA evolution time in the attenuated experiment

"d11=30m"

"d16=200u"

"d0=10u"

"in0=inf1*0.5"

"DELTA1=d26-4u-d16"

#ifdef HA_DEC_ON

   "p17=1.05m"

   "p18=0.95m"

   "DELTA2=p18+d0*2+d16+p14+p1*4.6+26u-p17"

#else

   "p17=0.95m"

   "p18=1.05m"

   "DELTA2=p18+d0*2+d16+p4*2+26u-p17"

#endif

"DELTA3=2.3m-d16-13u-p11"

"d19=p19+8u+d16+p1*0.365+de"

"DELTA4=d26-d16-10u-p27"

;p1*1.27+d16 must be equal to d15+p21, for refocusing 1H c.s. evolution:

"d15=d16+p1*1.27-p21"

;total JHH evolution in the attenuated experiment must be equal to d28:

;d28=DELTA5*2+DELTA6*2+p12*2+DELTA1*2+d16*5+d15+p21*3-p1*4.6+p1*1.27

;JHH must be refocused in the reference experiment:

;DELTA6*2+p12*2=DETAL5*2+DELTA1*2+d16+d15+p21*3-p1*4.6+p1*1.27-4u

;Solving the above two equations yields:

"DELTA5=d28*0.25-d16*1.5-d15*0.5-DELTA1-p21*1.5+p1*1.665-2u"

"DELTA6=d28*0.25-p12-d16-4u"

1       ze

        d11 pl12:C2

2       d11 do:C2 

        1m LOCKH_OFF

3       d1 pl1:H pl2:C2 pl3:N

;------- start 90-degree on hn -----------------------

        10u UNBLKGRAD

       (p21 ph0):N

        4u

        DELTA1 gron10

        d16 groff

       (center (p2 ph0):H (p22 ph0):N)

        4u

        DELTA1 gron10

        d16 groff

       (p21 ph13):N

        4u

        p16:gp2

        d16

       (p1 ph2):H

        4u

        DELTA5 gron7

        d16 groff

    if "l0%2==1"

      {

       (p12:sp2 ph5):H

        4u

        DELTA6 gron8

        d16 groff

       (p12:sp3 ph5):H ;dummy pulse (119dB and 50ppm offset)

       (3u 3u pl1 p1*0.97 ph0 p1*2.6 ph11:r p1*1.03 ph0 3u 3u pl0):H

       (p12:sp3 ph6):H ;dummy pulse (119dB and 50ppm offset)

        4u

        DELTA6 gron8

        d16 groff

       (p12:sp2 ph6):H

      }

    else

      {

       (p12:sp3 ph5):H ;dummy pulse (119dB and 50ppm offset)

        4u

        DELTA6 gron8

        d16 groff

       (p12:sp2 ph5):H

       (3u 3u pl1 p1*0.97 ph0 p1*2.6 ph11:r p1*1.03 ph0 3u 3u pl0):H

       (p12:sp2 ph6):H

        4u

        DELTA6 gron8

        d16 groff

       (p12:sp3 ph6):H ;dummy pulse (119dB and 50ppm offset)

      }

        4u

        DELTA5 gron7

        d15 groff

       (p21 ph1):N

        4u pl1:H

        DELTA1 gron0      ;DELTA1=d26-4u-d16

        d16 groff

       (center (p1*0.97 ph0 p1*2.6 ph11:r p1*1.03 ph0):H (p22 ph0):N)

        4u

        DELTA1 gron0

        d16 groff

       (p1 ph1):H (p21 ph0):N

        4u

        DELTA1 gron1

        d16 groff

       (center (p1*2 ph0):H (p22 ph0):N)

        4u

        DELTA1 gron1

        d16 groff

       (p1 ph0):H

;goto 999

        4u

        p17:gp3*EA

        DELTA2     ;DELTA2=p18+d0*2+d16+p14+p1*4.6+26u-p17

       (p22 ph7):N 

        d0

#ifdef HA_DEC_ON

       (center (p4 ph0 6u p4:sp8 ph0):C1 (p14:sp4 ph0 3u 3u pl1 p1*0.97 ph0 p1*2.6 ph11:r p1*1.03 ph0):H)

#else

       (p4 ph0 6u p4:sp8 ph0):C1

#endif

        4u

        p18:gp3*-1*EA

        d16

        d0*0.5 gron4

        10u groff

        d0*0.5 gron4*-1

        10u groff 

       (p1 ph4):H

        3u

        3u pl0:H

       (p11:sp0 ph14:r):H

;goto 999

        4u

        DELTA3 gron5  ;DELTA3=2.2m-d16-13u-p11

        d16 groff

        3u pl1:H

       (center (p2 ph0):H (p22 ph0):N)

        7u

        DELTA3 gron5

        d16 groff

       (p11:sp1 ph10:r):H

        3u

        3u pl1:H

       (p1 ph0):H (p21 ph3):N

;goto 999

        4u

        DELTA4 gron6  ;DELTA4=d26-d16-10u-p27

        d16 groff

       (center 

         (d19 pl8 p27 ph12:r 3u 3u pl1 p1*2 ph0 3u 3u pl8 p27 ph12:r):H ;d19=p19+8u+d16+de+p1*0.365

         (p22 ph0):N

       )

;goto 999

        4u

        DELTA4 gron6

        d16 groff

       (p21 ph0):N

        4u 

        p19:gp9

999     4u pl12:C2

        d16 BLKGRAMP

       go=2 ph31 cpd2:C2

       d11 do:C2 mc #0 to 2

          F1I(iu0, 2)

#ifdef TS2

          F1EA(igrad EA & ip4*2 & ip14*2 & ip3*2, id0)

#else

          F1EA(calgrad(EA) & calph(ph4, +180) & calph(ph14, +180) & calph(ph3, +180), caldel(d0, +in0))

#endif

1m LOCKH_OFF

exit    

ph0=0

ph1=1

ph2=2

ph3=1

ph4=1

ph5=0 0 2 2

ph6=0 0 0 0 2 2 2 2

ph7=0 1

ph10=0

ph11=1

ph12=2

ph13=3

#ifdef HA_DEC_ON

   ph14=1

#else

   ph14=3

#endif

ph31=0 2
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