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For proteins smaller than 25 kDa, backbone and side-chain assignment of M, N, C%, and @ spins. Otherwise, ambiguities in
assignments can be obtained using uniformiZ *N-labeled assignment can be resolved using both intraresidue and sequential
proteins with triple resonance experiments. Thus, structure deter-NH—CH NOE correlations (e.g.«f(HY), @(Ni), @(C%), w(H%)]
mination by NMR is very suitable for this type of small proteins.  and f(HN+1), ®(Ni+1), ®(C%), w(H%)]). If the ambiguity in assign-

The same methods may fail, however, when applied to proteins ment cannot be resolved due to a lack of sequential or intraresidue
larger than 30 kDa due to increased transverse relaxation rates. WittNOEs, an MQ-(H)CCH-TOCSY experiment can be applied to
the introduction of deuteration and TROSY techniques, backbone confirm the assignment. Assignments of protongyat, and e
and*C’ resonances can be assigned for proteins up to 106*kRDa. positions are much more challenging using the4D5N-edited
Unfortunately, deuteration also significantly reduces structural NOESY since the chemical shifts of carbon spins at these positions
constraints derived from NOEs from aliphatic and aromatic protons. are not available. According to the statistics on pretproton
Although it is possible to build structural models according to NOEs distances, many 4 and some P give rise to both intraresidue
from only amide protons and residual dipolar couplings in partially and sequential NHCH NOEs and thus can be assigned from the
ordered medium, the protein structure always suffers from low NOESY spectrum. The remaining unassigned spins can be assigned
precision® To improve structure precision, one can selectively using the MQ-(H)CCH-TOCSY and 4D NOESY experiments.
reintroduce methyl protons into otherwise deuterated samples since The strategy mentioned above was tested on a cell adhesion
methyl groups are often involved in hydrophobic cores and provide protein (DdCAD-1, 214 residues;0.8 mM protein on a 500 MHz
long-range distance constraifitfhere have been several successful NMR) whose backbone and side-chain resonances have been
applications of the selective labeling strategy to large proteins. assigned previously using traditional methégii. was applied to
However, preparation of deuterated and methyl-protonated sampleshe assignment of aliphatic side chains in the uniforfG¢labeled

is always costly and time-consuming and may not be suitable for _chain of human normal adult hemoglobin in the carbonmonoxy
every protein. To further improve structure resolution, it is necessary form (rHbCO A, ~65 kDa with two identical-chains and two

to constrain side chains of all or most residues using NOEs amongjgentical g-chains). Its backbone, most methyl groups, and side-
protons located at side chains. This implies that complete or partial chain carbons in methyl-containing residues have been assigned
protonation at most side chains is inevitable. previously8 The procedure used for the assignment of side-chain

For fully protonated large proteins, our group has recently protons and carbons is described below.
introduced a novel experiment (MQ-(H)GBTOCSYY and @ Firgt identify peaks whose chemical shifts match the shifts
strategy to assign side-chain resonances of methyl-contalnlng[w(HNi), w(N)), o(C%)] for residuei on the N—H; plane in the 4D
residue$. The method has been successfully applied to a 42 kDa NOESY. If only one NOE peak matches, the aliphatic proton shift
AcpS trimer and a 65 kDa chain-selectively labeled hemoglobin. of this peak is presumably assigned as‘ the chemical shiftipf H
So far, no method can be applied to assign side-chain resonance%imilarlyv by substitutings(C) for o(C%_1), »(CF), andw(CF;_),

of Irendues trllat contain n:) methyl glrotupts- t ) ide-chai He_;, HA, and H,_; can be presumably assigned, provided that
n this work, we present a genera’ stralegy 1o assign side-c amunique matches also exist (for GHroups, two peaks with identical

resonances of all residues in uniformiC5N-labeled large : . .
. . 15 . ; carbon shifts are also regarded as a unique match). Since degeneracy
proteins, which makes use of 48C,!>N-edited NOESY and prior N S )
of (HN, N, C) spin triplets occurs in a much lower chance than that

T e st oo o oo oS f () s s, ot Fand H couk e presmay s
g P yp y with only intraresidue or sequential NOE (Table 1, columns A and

fi tonated | teins, NOESY i t till iti . . . . . .
or protonated arge proteins, OES EXpermen's are St sensiive B). Second, if the assignment obtained from intraresidue NOEs is
enough to provide through-space correlations between spins separa-’" ™. . . . .

ted by 4.5 A or less (5.5 A for methyl groups). Statistics on inter- consistent with that obtained from sequential NOEs, the assignment

atomic distancéqTable S1 of the Supporting Information) indicate IS co_nﬂrmed (Figure 1a,b). Th|r_d,_ for an unconflrme_d assignment
that nearly all intraresidue ¥—H¢;, HN,—H#; and sequential ¥— obtained from the N-H, plane, if its [»(G), w(H;)] shifts match
Hei_g, HN—HF;_; NOESs can be observed, where the subsgript the shifts of one of the peaks on the.-Hi1 or Ni-1—Hi-1 plane,

the residue number. In&C 1*N-edited 4D NOESY spectrum, each Fhe asglgnment is also confirmed (Flgurg ;Lc,d). When no assignment
amide correlates with a number of Giroups at positions:f(HV,), is obtained from step 1, due to ambiguities, the-N; and Nei—
(N, »(C5), w(H¥)] wherew is the chemical shifti is thekth car- Hi+1 planes can be directly compared to resolve the ambiguities.
bon/ hydrogen of residue H* and H can be assigned from intra- For DACAD-1, we found that all assignments obtained with both
residue or sequential NOES, provided that these NOEs are possiblyntraresidue and sequential NOEs (Table 1, column C) were correct,

differentiated from other interresidue NOEs on the basis of prior While three oftthe unconfirmed assignments (Table 1, column D)
were incorrect.

 National University of Singapore Fourth, the same strategy can be used for the assignment of other
* Carnegie Mellon University. side-chain resonances. Although exact chemical shiftsvorl
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Table 1. Summary of Assignments of DACAD-1 and rHbCO A? ® LAS1 4943 4197 5056 37.49
. - . 5 : aofd ¥l20Ho f E
DACAD-1° LY -
C*He, (212) 161 168 170 32 206/5/1 o B B |3 o
CPHA, (199) 172 140 145 44 195/2/2 ey
CrHY, (72F 38 31 28 25  66/5/1 : R 2
CoH?, (32 13 8 7 10 29/1/2 T e | : t
CH;z (101y 37 35 76 9 100/0/1 o w R -V
RV M e ' b
B-chain of rtHbCO & e LI
CxHe, (146) 114 73 90 44 132/12/2 » | ®
CPHP, (133) 97 67 74 31 90/26/17 £ R
C'HYp (51F 23 4 15 12 32/1217 £ g
CoH?, (21F 9 6 5 8 10/9/2 — o
CHs (80) 19 16 40 4 781200 : o
N S NI I S e 136 160 195 213 230
“Hippm) E1207 K1208 K1208 gl21p E121y

a(A) Assigned with intraresidue NOE; (B) assigned with sequential NOE; ) X ) )
(C) assigned with both intraresidue and sequential NOEs; (D) unconfirmed Figure 2. Assignment of €H”, and CH?, using the 4D'3C,'*N-edited
(only intraresidue NOE or sequential NOE was observed); (E) the final NOESY (a and b) and CCH-TOCSY «{g) spectra. Red peaks in slices a
assigned/tentatively assigned/ unassigned @blups using both the NOESY and b are aliased by 20 ppm in th&C dimension. The F2 frequencies
and CCH-TOCSY spectrd.Total number of CH groups is indicated in (ppm) for slices e-g are indicated on the top of each slice. The CCH-
brackets ¢ Excluding methylsd Excluding Ala. TOCSY data comprising 105 35 x 640 complex points with spectral

. . widths of 12 007, 4024, and 12 007 Hz in F1, F2, and F3 dimensions were
C? are not known, their empirical ranges can be used to locate collected on an 800 MHz NMR spectrometer with a triple resonance probe
possible peaks (Figure 2a,b). Because of the obvious problem ofusing a TOCSY mixing time of 14 ms, an interscan delay of 1.2 s and 8
chemical shift degeneracy as well as usually longer distances toScans per increment (41 h).

amide protons, less number of K, and CH?, groups can be ) ) )
assigned with the 41°C *N-edited NOESY alone (Table 1). data (Figure S1 of the Supporting Information). After these steps,

Finally, an 3D MQ-(H)CCH-TOCSY spectrum is used in ~80% side-chain spins were assigned for Hb (Table 1, column E).
combination with the 4D NOESY to assign the unconfirmed and Most unassigned spins lack NHCH NOEs. More assignments can
remaining resonances (Figure-2g). For DACAD-1, nearly all ~ be obtained using a 4E%C-edited NOESY experiment, provided
correlations can be observed in the TOCSY and result in aliphatic the unassigned spins give rise to intraresidue-CHf NOEs.
side-chain assignment completeness~&6% (the ratio of the In conclusion, most aliphatic side-chain resonances of large

assigned to total aliphatic Groups) (Table 1, column E), which ~ Proteins can be assigned reliably with 4% ,'°N-edited NOESY
is comparable with that obtained from traditional meth#fdgor ~ @nd MQ-(H)CCH-TOCSY experiments, which will make complete
Hb, many peaks involving Hor H’ cannot be observed in the — US€ of currently available backbone assignments and provide much

TOCSY spectrum; in contrast, the peaks involving H’, or methyl more distance constraints for accurate structure determination of
protons are usually observable due to higher mobility of these spins. large proteins. Although the strategy based on NOESY and TOCSY
Sixteen methyl groups that were ambiguously assigned previously Nas been used for peptides and small proteins for many yeiars,
due to degenerate fCCf] spin pairs were completely assigned is demonstrated here, for the first time, that a similar strategy can
here using the intraresidue GHNH NOEs observed in the 4D  Pe applied to large proteins up te65 kDa.
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