Lecture 11: INEP T, HSQC



Simultaneous spin echo
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Relaxation with J-coupling

e Hy: 7y — 271y, I1y — —291552,

= Sy = Syt — —120 5, different Rp

® J L & 2%1_|_f22 = R>

e relaxation of 71 depends on 274 sp,
relaxation of 2.7 .75, depends on 7
cross-correlated cross-relaxation (ingnored here)
cf. cross-relaxation of A(M1,) and A{M>,) (NOE)
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anti-phase vs. in phase coherences
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Phase cycling

13C or 15
13
¢ =+90", y:
Qb — _9007 —Y :
difference :

2

1 1
r + 5%1 (272.7y) + 5’425@



|

K
~
<
|
AN
o G
<
3
QVIQ\
|
S
~
<
c
N
7R_
3
Q)
c
— AN
W =
O 5
0 B
o v
| v
0 =



R{Y (w) }

INEPT with phase cycle:

2mJ

<>

ﬂ
|




INEPT vs. direct excitation
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INEPT vs. direct excitation

INEPT (phase cycled): R{Y(w)} =

Ny1v2h2 Bg R> R5
16kgT \R5+ (w— S0+ 7)2 R34+ (w— Qo — 7J)2

Direct excitation: R{Y (w)} =

RQ | RQ )
—5 > 52 2
R5+ (w— Q0+ 7J)2  R5+ (w—Qo—mJ)

Ny>v2h? Bg
16kaT

v1/v2 ~ 4 for 13C v1/7v2> ~ 10 for 1°N

Insensitive Nuclei Enhanced by Polarization Transfer
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HSQC Spectroscopy

(Heteronuclear Single-Quantum Coherence)

13C Or15N

COMPLEX EXPERIMENT

ANALYSIS FACILITATED

BY SIMPLIFICATIONS

Using results of already analyzed building blocks (echoes)
Ignoring components of p that cannot produce signal



HSQC Spectroscopy

Measured quantity: My
(M4 does not pass the frequency filters)

Only M7y and #,M;4 have non-zero traces:

1

r {fx(jlaz T ijly)}
Tr{sy (s, +i51y)}

Directly measurable: .7, .7, (in-phase single-quantum of nucleus 1)
Evolve to measurable due to J coupling:
29,5, 29y, (anti-phase single-quantum of nucleus 1)
Need 90° pulse + J coupling:
7. (90° pulse), .7, 2.7..7, (populations, longitudinal polarization)
Sy Sy, 25,5%, 29,5y (Single-quantum of nucleus 2)
29y Sz, 2IySy, 2IxSy, 25y (Mmultiple-quantum)
Never measurable: .7 (unit matrix)



HSQC Spectroscopy

BLOCK 1: INEPI

p(a) = 5o+ 3r1 (52) + Gro7 —
p(e) = %ft — %/11 (272.7y) + %@yy



HSQC Spectroscopy

BLOCK 2: DECOUPLING ECHO, INCREMENTED t;

p(f) = S+ 5k1 (12727 — 82127272) + 5k2 (€217 — $2172)



HSQC Spectroscopy — Real

130 Or15N

BLOCK 3: TWO 90° PULSES, PHASE x (13C or 1°N)

ﬁ(ﬁ>“%J%%-%ﬁl(6212f%9@-8212f%3%)
p(9) = 55— 5k1 (€2125y 72 — 52127 72) +

%KQ(CQL?@-Szlﬂ%)
Sko (co172 — $21.72)



HSQC Spectroscopy — Real

130 Or15N

BLOCK 3: TWO 90° PULSES, PHASE x (13C or 1°N)

p(f) = 54 5k1 (212727 — $21272.72) + 5k (co1.7y — 82172)
o(g) = —%m1c212fyyz—|— unmeasurable (no more 90° pulses)



HSQC Spectroscopy — Real

1SC Or15N

BLOCK 4: SIMULTANEOUS ECHO

o(g) = 1f<;1c212fyyz—|— unmeasurable —
o(h) = /11621fa;—|— unmeasurable



HSQC Spectroscopy — Real
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HSQC Spectroscopy — Imaginary

1SC Or15N

BLOCK 3: TWO 90° PULSES, PHASE vy (13C or 1°N)

p(f) = éft‘l‘%"il (c212.72.7y — 8212.9,.72) + %%2 (co17y — 82172)

p(9) =

t——/ﬂ (€212.7y7y + $912.7y.75) +

5k2 (c217y + 521.72)



HSQC Spectroscopy — Imaginary

1SC Or15N

BLOCK 3: TWO 90° PULSES, PHASE vy (13C or 1°N)

p(f) = S+ 5k1 (5212727 — $01272.7) + 5k (c21.7y — 82172)
o(g) = —%m13212fyyz—l— unmeasurable (no more 90° pulses)



HSQC Spectroscopy — Imaginary
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BLOCK 4: SIMULTANEOUS ECHO

o(g) = 1%18212fy§”z—|— unmeasurable —
o(h) = &1321fx—l— unmeasurable



HSQC Spectroscopy — Imaginary
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HSQC Spectroscopy — Hypercomplex
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HSQC Spectroscopy — Hypercomplex

N~12h? Bg 9

Y (W)} = 16kaT

2 2 2
R5 5 ( R5 1 , R5 1

_ _ |

R505+4 (w—22)2\R51 + (w—Q1+7J)2  Rs1+ (w— Q1 —nJ)>3



Decoupling In direct dimension




Decoupling In direct dimension

130 or 15N I I
RIY ()} = N~12h2 By R5 5 R3 4

8kgT  R55+ (w—22)2 R5 1+ (w—Q1)2



Decoupling In direct dimension

1 1Y
1HI 4 I 4 I
01/01 O1/04 0o
t
130 or 15N I I 1 I I
01=X,—X, X, =X, X, =X, X,—=X Qo=X,X,—X,—X,X,X,—X,—X
O1=Y,=Y,Y, =Y. Y=Y, Y, =Y 03=X,X,X,X,—X,—X,—X,—X
signal multiplied by: 1,-1,-1,1,1,-1,-1,1

N~12h2 By R3 5 R5% 4

RI{Y —
()] 8k’ E%,g + (w —$22)2 R5 1 + (w—Q1)?



Decoupling In direct dimension
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HSQC spectrum

of a 20 kDa protein
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Benefits of HSQC

e High sensitivity for 13C or 1°N
(higher by (v1/72)°/2 than by the direct detection

e High resolution
Second dimension and less peaks in spectrum
(only 13C/15N-bonded protons and protonated 13C/1°N visible)

e Important structural information
1H-13¢C and 1H-1°N correlation
(it tells us which proton is attached to which 13C or 1°N).



HOMEWORK:

COSY

Section 11.3






