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Secondary Structure of the Ribonuclease H Domain of the
Human Immunodeficiency Virus Reverse Transcriptase in
Solution using Three-Dimensional Double and Triple
Resonance Heteronuclear Magnetic Resonance Spectroscopy

Robert Powers', G. Marius Clore't, Ad Bax!, Daniel S. Garrett', Stephen J. Stahl*
Paul T. Wingfield’ and Angela M. Gronenborn'f

! Laboratory of Chemical Physics, Building 2
National Institute of Diabetes and Digestive and Kidney Diseases
National Institutes of Health, Bethesda, M D 20892, U.S.A.

2Protein Expression Laboratory, Building 6B
Office of the Director, National Institutes of Health
Bethesda, MD 20892, U.S.A.

(Received 13 June 1991; accepted 11 July 1991)

The solution structure of the ribonuclease H domain of HIV-1 reverse transcriptase has
been investigated by three-dimensional double and triple resonance heteronuclear magnetic
resonance spectroscopy. The domain studied has 138 residues and comprises residues 427 to
560 of the 66 kDa reverse transcriptase with an additional four residues at the N terminus.
Initial studies on the wild-type protein were hindered by severe differential line broadening,
presumably due to conformational averaging. Mutation of the single tryptophan residue
located in a loop at position 113 (position 535 in the reverse transcriptase sequence) to an
alanine resulted in much improved spectral properties with no apparent change in structure.
'H, '*N and '3C backbone resonances were assigned sequentially using a range of three-
dimensional double and triple resonance heteronuclear experiments on samples of uniformly
(>959) **N and '3N/!3C-labeled protein, and the secondary structure was elucidated from
a qualitative analysis of data derived from three-dimensional 3N- and '*C-edited nuclear
Overhauser enhancement spectra. The secondary structure comprises three a-helices and
five strands arranged in a mixed parallel/antiparallel f-sheet with a +1, +1, —3x, —1Ix
topology. The C-terminal region from residue 114 onwards appears to be conformationally
disordered in solution as evidenced by an almost complete absence of sequential and
medium range nuclear Overhauser effects.

Key words: HIV-1; RNase H domain; reverse transcriptase; solution secondary structure;
3D heteronuclear n.m.r.; double and triple resonance n.m.r.

The ribonuclease H (RNase Hf) domain of
human immunodeficiency virus (HIV-1) reverse
transeriptase plays a crucial role in viral replication

defective for RNase H function, to produce infec-
tive virus particles (Schatz et al.. 1989). The
RNase H domain catalyses the cleavage of the RNA

as evidenced by the failure of mutant provirus,

portion of a DNA/RNA hybrid, a process that is

1 Authors to whom all correspondence should be
addressed.

1 RNase H. the ribonuclease H domain comprising
residues 427 to 560 of the 66 kDa reverse transcriptase
of HIV-1 together with the four amino acid sequence
Met-Asn-Glu-Leu at the N terminus; HIV-1, human
immunodeficiency virus-1; AIDS, acquired
immunodeficiency syndrome; n.m.r. nuclear magnetic
resonance; NOE, nuclear Overhauser effect; NOESY.
nuclear Overhauser enhancement spectroscopy;

HOHAHA, homonuclear Hartmann-Hahn spectroscopy;
3D, three-dimensional; HNCO, amide proton to nitrogen
to carbonyl correlation; HNCA, amide proton to
nitrogen to a-carbon correlation; HN(CO)CA. amide
proton to nitrogen (vta carbonyl) to a-carbon
correlation; HCACO, alpha-proton to a-carbon to
carbonyl correlation; HCA(CO)N, a-proton to a-carbon
(via carbonyl) to nitrogen correlation: c.d., circular
dichroism; p.p.m., parts per million; 2D.
two-dimensional.
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required at several stages during reverse transcrip-
tion, and displays both endonuclease and 3 -5
exonuclease activity (Krug & Berger, 1989; Mizrahi,
1989; Schatz et al., 1990). Thus, the RNase H
domain presents a potential site for the design of
drugs for the treatment of AIDS (Mitsuya et al.,
1990). In a recent paper we described the over-
expression, purification and physical character-
ization of the RNase H domain comprising residues
427 to 560 of the 66 kDa reverse transcriptase with
an additional four residue sequence at the
N terminus (Becerra ef al., 1990). In this paper we
present initial multi-dimensional heteronuclear
studies on the RNase H domain undertaken with
the eventual aim of determining its high-resolution
three-dimensional structure in solution. Specifically,
the backbone 'H, N and !3C' resonances are
assigned in a sequential manner using a combina-
tion of 3D double and triple resonance heteronuc-
lear n.m.r. experiments, and the secondary
structure is elucidated from a qualitative analysis of
NOE connectivities derived from 3D heteronuclear-
edited NOESY spectra (for reviews, see Clore &
Gronenborn 1991a.,b,c). As the work presented in
this paper was being prepared for publication, a
2.4 A (1 A =01 nm) resolution X-ray structure of
RNase H from a different HIV-1 virus strain was
published (Davies et al., 1991). The results from
both studies are essentially in agreement, although
significant differences are noted at the  terminus.
Thitially n.m.r. studies were carried out on the
wild-type RNAse H domain from strain HXB2 of
HIV-1. However, it rapidly became apparent that
the assignment procedure was being impaired by
suspected conformational exchange processes. Thus,
we were unable to see many connectivities in the
various 3D triple resonance experiments due to
severe line broadening. This was also manifested in
the 3D '’N-edited NOESY (Fesik & Zuiderweg,
1988; Marion ef al., 1989%a,b) and HOHAHA
(Marion et al., 19896; Driscoll et al., 1990a; Clore et
al., 1991) spectra, as well as in the 2D "H-'>N and
'H-13C correlation spectra (Bodenhausen & Ruben,
1980: Bax et al., 1990a). In the latter spectra, a large
variation in cross-peak intensities occurred. At a
very early stage of this work, we found that, under
all conditions tried, we did not observe the '"H-13('
correlations for the aromatic ring of the single Trp
residue at position 113, while those for the other
eight aromatic rings (6 Tyr. 1 Phe and 1 His) were
clearly detectable. We therefore postulated that
Trpl13 was located in a segment of the polypeptide
chain that exhibited conformational flexibility.
resulting in severe line broadening of adjacent
protons through large differences in ring current
shifts between the conformers. On the basis of this
hypothesis. we proceeded to construct a
Trpll3—Ala mutant by primer-directed muta-
genesis (Qostra et al.. 1983). No difference in
stability of the native and mutant proteins was
found, both of which had a T, of ~60°C (deter-
mined by differential scanning calorimetry), and the
location of many of the cross-peaks in the 'H-'°N

correlation spectra of the two proteins were iden-
tical. Further, there was little difference in the c.d.
spectrum of the two proteins. This implied that the
mutation caused only minimal structural perturba-
tion, which would be entirely consistent with the
predicted location of Trpll3 on the protein surface
based on sequence alignment with the known
crystal structure of Escherichia coli RNase H (Yang
et al., 1990; Katayanagi ef al., 1990). However, the
spectra of the mutant enzyme were both qualita-
tively and quantitatively vastly superior to those of
the wild-type protein, so that further detailed study
was restricted to the mutant.

The sequential assignment strategy was based on
a series of 3D double and triple resonance n.m.r.
experiments. In particular, we made use of five
triple resonance experiments to establish connec-
tivities along the chain via one- and two-bond heter-
onuclear couplings. The 3D HNCO, HNCA (Ikura et
al., 1990a) and HN(CO)CA (Tkura & Bax, 1991)

experiments recorded in water were used to
establish ~ NH(i)-'SN(@)-12CO@-1).  NH()-' N@@)-

B%(i.i-1) and NH(#)-"SN(@)-13C%i-1) correlations,
respectively. '3C(F,)~NH(F;) planes of these three
experiments at a single 'N(F,) frequency of
119-43 p.p.m. are illustrated in Figure 1{a) to (¢). As
the '>N-!3('* intraresidue one-bond coupling is
larger than the interresidue two-bond coupling, it is
usually the case that the intraresidue correlations in
the HNCA experiment are more intense than the
interresidue ones (Clore et al., 1990; Kay et al.,
19906). However, in the case of RNase H where
complications arise from exchange line broadening
this rule is not generally applicable. Thus. for
example, the interresidue correlations for Lys9 and
1le120 seen in Figure 1(a) are actually more intense
than the intraresidue ones. Possible ambiguities are
resolved by analysis of the HN(CO)CA spectrum,
which only displays the interresidue !3C*(i-1)-'>N(i)
correlations. The 3D HCACO and HCA(CO)N
experiments (Lkura et al.. 1990a; Powers et al., 1991)
recorded in  *H,0 were used to establish
CFH(-12C%()-13C03E) and C*HE)-2C*0)-1N@E+1)
correlations, respectively. These experiments are
illustrated in Figure 1(d) to (e), which show a set of
BCOF,)~("H(F,) and N(F,)-C*H(F,) planes at
the same 3C(F,) frequency of 5887 p.p.m. In addi-
tion, a 3D 1’ N-edited HOHAHA spectrum recorded
in H,0 with a DIPSI-2 mixing scheme (Clore et al..
1991) was used to identify *’N(:)-NH(i)-(*H %)
correlations (Fig. 2(a)). Interpretation of these six
scalar correlation experiments is sufficient to
sequentially assign the backbone 'H, !*N and '’
resonances. Confirmation of the sequential assign-
ment was based on 3D "N and !'3(C-edited
(Tkura ef al., 1990b; Zuiderweg et al.. 1990) NOESY
spectroscopy to identify through-space (<5 A)
connectivities of the type NH(@#)-NH({i+1.2)
C*H(i)-NH(i+1,2,3.4). CPH@E)-NH@GE+1). C*H()
CPH(i+3). which have been extensively used in
conventional protein resonance assignment by 2D
methods (Wiithrich, 1986; Clore & Gronenborn,
1987). Examples of selected amide strips through
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Figure 2. Amide strips extending from GIn53 to Asp66 taken from the 600 MHz 3D **N-edited HOHAHA (a) and
NOESY (b) spectra of uniformly (>95%,) '*N-labeled Trp113— Ala RNase H from HIV-1 recorded at 26°C. The mixing
times for the 2 experiments were 30 ms and 100 ms, respectively, and the experiments were recorded as described by
Clore et al. (1991) and Driscoll et al. (1990a), respectively. The Figure is composed of narrow strips taken from different
"H(F,)-NH(F) planes of the 3D spectrum, as described by Driscoll et al. (1990a). Asterisks indicate the position of the
diagonal peak for each residue and boxes enclose the intraresidue NH-C*H and NH-CPH cross-peaks observed in the
NOESY spectrum. Sequential NH-NH(:+1) NOEs are indicated by thick arrows, sequential C*H(:)-NH{i+ 1) and
CPH(i)-NH(i+1) NOEs with thin arrows. Note that while the NH-C*H cross peaks in the HOHAHA spectrum are
observed for all the residues in this Figure (with the exception of Glu56, Tyr61 and Asp66), NH-CPH cross-peaks are only
seen for GIn65 and Asp66 and these are of very weak intensity. The spectral widths in the F, (‘H), F2 (’SN) and F, (*H)
dimensions were 11-41 p.p.m., 29-16 p.p.m. and 13-44 p.p.m. with the carrier placed at 1185 p.p.m. in the '°N dimension
and at 4:76 p.p.m. in the 'H dlmenSlons The total number of points acquired were 128 complex in F, (*H), 32 complex

in F, (**N) and 1024 real in F, (‘H), and the final absorptive part of the 3D spectra, after appropriate zero-filling,
c:onsisted of 256 x 64 x 1024 points.
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Figure 3. Summary of the sequential scalar connectivities observed in the 3D triple resonance experiments and the
sequential and medium (up to ¢, i+4) range through-space connectivities observed in the 3D heteronuclear-edited
NOESY spectra for Trpl13—Ala RNase H from HIV-1. The NOE intensities are classified into strong, medium and
weak, according to the thickness of the lines. Slowly exchanging amide protons are indicated by open circles, and the
elements of regular secondary structure are displayed at the bottom of the Figure. The sequence of the RNase H domain
starts at Tyr5, which corresponds to residue 427 of the 66 kDa HIV-1 reverse transcriptase.

the !°N-edited NOESY spectrum (Driscoll et al.,
1990a.b) are shown in Figure 2(b), which displays,
the sequential NOE connectivities observed along
the segment of chain extending from GInb3 to
Asp66, corresponding to helix a,. Finally, spin
systems were identified, where possible, using 3D
HCCH-COSY and HCCH-TOCSY experiments that
establish scalar connectivities along the chain via
the one-bond 'H-!3C and '*C-'3C couplings (Bax et
al., 1990b,¢; Clore et al., 1990; Kay et al., 1990a).

A summary of the sequential scalar and the
sequential and medium range (up to ¢, i+4) NOE
connectivities observed for the Trpl13— Ala mutant
of RNase H domain is shown in Figure 3, and the
backbone 'H, '*N and '3C assignments are given in
Table 1. We were able to confidently obtain back-
bone resonance assignments for 123 of the 138
residues for the mutant protein compared to 110
tentative assighments for the wild-type. The
number of residues for which a complete set of

correlations was observed in the triple resonance
experiments and the *N-edited HOHAHA spec-
trum was 60 for the mutant compared to only 31 for
the wild-type. Further NOEs involving 113 NH
protons could be assigned in the 3D '’N-edited
NOESY spectrum of the mutant compared to only
86 for the wild-type. It is also interesting to note
that with the exception of Metl and Asp76, almost
all residues in the mutant protein for which no
backbone assignments could be ascertained are
located in the C terminus, whereas in the wild-type
unassigned residues are spread throughout the
sequence.

The secondary structure was deduced from a
qualitative analysis of the NOE data involving the
backbone NH, C*H and C’H protons (Wiithrich,
1986; Clore & Gronenborn, 1987) derived from the
3D '’N- and "*C-edited NOESY spectra, in
conjunction with data on slowly exchanging amide
protons (summarized in Fig. 3). The latter was
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Table 1 Table 1 (continued )
Backbone 'H, 3C and °N resonance assignments for :
the RNase H domain of HIV-1 reverse transcriptase s . S(Jhemic?g shift (p.p.m.)t
at pH 54 and 26°C N ¢ CO  NH CH
. . Glu70 1152 537 174-8 757 583
s , Chemical shift (p.p.m.)f Val7l 1196 611 1699 806 464
N Y CO  NH C*H AsnT2 1228 518 1740 792 593
Ile73 125-2 61-1 — 975 e
Met! - — — — — Val74 126-2 60-6 1754 893 500
Asn2 536 1765 - 514 Thr75 1204 581 1716 876 518
Glu3 1148 56-8 1765 842 422 Asp76 _ - . _
Leud 1215 558 176:1 849 4-28 Ser77 - 569 174-8 463
Tyrd 1139 557 1731 718 471 GIn78 1286 582 . 870 3-96
GIn6 1193 545 1747 858 4-55 Tyr79 120-3 60-2 1769 840 496
Leu7 1239 539 1780 855 493 Ala80 1216 547 1788 840 3.59
Glu8 121-5 557 176:9 906 4-29 Leu8l 1149 57-9 1786 754 3-80
Lys9 1194 57-3 176-0 8-84 444 Gly82 104'5 467 1766 790 3-80
Glulo 116-8 53:0 171'8 7-55 459 Tie83 120-7 629 1773 7.39 384
Proll - 624 1757 — — Tle84 117-5 64-2 178-0 7:39 3-65
Ilel2 1250 61-2 1783 943 388 GIn85 1167 574 1762 803 4-42
Vall3 132-3 651 177-4 869 365 Ala86 121-0 52:5 176:4 738 435
Glyl4 114:4 451 1734 879 — GIn87 1159 550 1731 795 440
Alals 121-6 506 1765 6-96 457 Pro&8 _ 634 176'5 . 443
Glul6é 1257 576 1747 897 4-56 Asp89 1190 54-1 1763 837 4-61
Thrl7 121-7 61-4 172-6 856 533 GIn%o 1185 563 1757 821 432
Phel8 127-4 556 — 941 434 Ser91 1155 59-0 1749 850 440
Tyrl9 1247 571 1760 919 518 Glu92 1222 56-6 1763 834 439
Val20 1160 59-1 1750 840 560 Ser93 114-4 585 1751 7-98 431
Asp2l 119-0 53-2 172:6 8:55 505 Glu94 1267 596 1780 876 410
G1y22 1086 453 - 828 4'947 3-50 Leu95 1200 574 1785 7-84 4-10
Ala23 122-9 52:2 1751 852 464 Valo6 1179 676 1774 768 337
Ala24 120-5 504 1752 852 509 Asn97 117-2 568 1781 800 4-40
Asn25 120-7 52:5 1766 — 4-83 GIn98 119-9 501 1792 807 407
Arg26 127-6 588 1765 910 4-15 1199 121-7 663 1773 806 352
Glu27 1174 586 1783 84l 434 Tiel00 1213 659 1771 853 3-36
Thr28 107-6 61-8 1760 806 4-29 Glulol 1167 596 179-2 791 2-93
Lys29 1154 580 1734 808 389 GIn102 1145 577 1786 746 394
Leu30 1183 542 1771 745 4-86 Leul03 1209 586 1793 842 358
Gly3l 119 448 802 503, 3-61 Ilel104 1153 647 1766 791 379
Lys32 - 550 1740 546 Lysl05 1166 571 1776 697 4-22
Ala33 121-6 50-0 1755 849 527 Lys106 1165 543 176-8 719 497
Gly34 106-0 46-7 182-4 870 440,432 Glul07 120-8 585 1777 903 437
Tyr35 1169 552 1742 848 604 Lys108 1148 561 1741 769 493
Val36 1152 60-9 1755 869 524 Vall09 1212 60-3 1727 907 4-98
Thr37 114-5 575 176:6 894 6-28 Tyrl10 129-6 563 1722 844 4-80
Asn38 1190 54-2 1754 905 4-62 Leulll 129-1 528 1740 793 531
Arg39 1180 552 176-2 812 4-68 Alall2 1251 50-9 1742 ]38 432
Gly40 107-4 456 1743 7-87 4:21,3-82 Alall3 120-8 496 1778 821 550
Arg4l 1177 563 1751 7-20 471 Valll4 . , ] _
Gln42 177 549 1738 850 522 Proll5 . — .
Lys43 1232 565 172-7 777 423 Alall6é — _ _ _
Vald44 1231 60-8 174-5 815 490 Hisll7 o — _ _ .
Val4s 1236 597 1744 926 4-69 Lys118 119-4 585 1782 774 406
Thr46 1179 62-0 173-8 841 4-96 Gly119 ,_ 454 — . 103, 383
Leud7 1277 538 1749 892 4-78 Tle120 1195 609 1768 787 415
Thr48 111-3 60-2 1735 813 467 Gly121 113-8 456 1750 866 393
Asp49 121-9 550 1749 857 432 Glyl22 108-8 _ _ 813 _
Thr50 1144 59-8 1736 891 4-88 Asnl23 . 53-8 1742 _ 461
Thr51 1089 586 1749 818 4-63 Glul24 120°5 57-0 1756 857 494
Asnb2 1185 578 1770 814 415 GInl25 - . .
GIn53 1181 599 1777 859 374 Vall26 . - _ _
Lysa4 116-7 60-6 179-4 7-44 3-88 Aspl27 o _ _
Thrsb 1115 66-7 176-6 8-21 3-79 Lys128 . . _ _
Glus6 121-3 59-6 179-8 779 3-94 Leul29 _ _ _ _ .
Leu57 117-6 375 1786 7-53 406 Vall30 _ _ _
GIn58 1204 586 1777 890 402 Serl131 _ _ .
Ala59 1206 558 178-4 793 3-99 Alal32 . . - _
[le60 1152 655 176-9 691 3-49 Gly133 110-0 452 1780 859 3-95, 3-80
Tyr61 119-4 61-2 1768 817 403 Llel34 1197 643 1770 803 4-22
Leu62 1185 577 1779 851 384 Argl35 114-0 558 1754 710 4-40
Ala63 1176 53-8 179-3 7-24 327 Lys136 122-7 563 1757 ]-25 435
Leu64 116-8 57-6 177-6 772 337 Vall37 122-3 62-4 174-9 815 411
Gin65 175 59-0 1783 821 3-69 Leul38 130-6 566 - 783 420
Asp66 1154 54'5 1751 745 474
2‘3’;%78 } (l)ig ;g é };gg ggg 454 +'H and !3C chemical shifts are expressed relative to

Leu69 177 57-6 1764 835 437 (trimethylsilyl)-propionic-d, acid, and '’N shifts relative to
liquid NH,.
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Figure 4. f-Sheet structure of Trpl13—Ala RNase H from HIV-1 as determined from a qualitative analysis of NOE
and amide exchange data. The B-strands are indicated on the left by roman numerals and the residue number range.
Long-range NOEs are indicated by arrows, and hydrogen bonds derived from the NH/solvent exchange and NOE data
are shown as broken lines. The slowly exchanging amide protons are encircled. The 'H chemical shifts of the C*H protons
of Val36 and Glu42 are degenerate and indicated by a square box around them.

obtained by recording a series of '’N-'H
Overbodenhausen correlation spectra (Bax et al.,
1990a) over a period of 80 hours starting within five
minutes of dissolving an unexchanged sample of
lyophilized protein in 2H,O (Driscoll et al., 1990b).
We find three clearly defined helices, which extend
from residues 52 to 66 (a,), 78 to 87 (ag) and 93 to
106 (¢p), and five B-strands from residues 16 to 24
(strand I), 30 to 38 (strand IT), 41 to 48
(strand III), 69 to 75 (strand IV) and 108 to 113
(strand V). These five strands form a mixed
parallel-antiparallel f-sheet, which is illustrated in
Figure 4. Strands I, IT and I are antiparallel and
connected via a short loop and f-turn, respectively.
Strand I is parallel to strand IV, which in turn is
parallel to strand V. The connecting element
between strands I1T and 1V is formed by a-helix a,
while that between strands IV and V is formed by
the other two helices, oy, and ap,. Thus, using the
notation of Richardson (1981), the topology of the
sheet can be described as +1, +1, —3x, —1x. It is
interesting to note that the slowest exchanging
amide protons are located in strands I, TV and V
and helices o, and ap. Further, while there is an
extensive network of NOE connectivities between
strands I, IT and 111 and between strands IV and V,
the number of NOE connectivities between
strands I and TV is very limited and their intensities
are weak. The latter may be due to fraying at the
ends of these two strands, accompanied by confor-
mational mobility. Taken together, these observa-
tions suggest that f-strands TV and V and the
connecting a-helices o, and oy constitute the most
tightly folded portion of the RNase H structure.
The last well-defined residue in solution is Alal13,
and the C-terminal region from Valll4 to Gly133

appears to bhe conformationally disordered as
evidenced by an almost complete absence of sequen-
tial and medium range NOEs (Fig. 3). In the X-ray
structure residues 116 to 120 are also disordered and
not visible in the electron density map. However,
there is a helix (ag) from Glyl21 to Serl31 in the
X-ray structure, which is absent in solution. This is
probably due to greater conformational flexibility in
the solution state and implies that this helix is not
required to stabilize the overall polypeptide fold.
It should be noted that carboxy-terminal proteo-
lytic cleavage of the RNase H domain results in a
polypeptide approximately 3000 Da smaller than
the native form (P.T. Wingfield, A M.
Gronenborn, G. M. Clore, unpublished results). This
shortened cleavage product no longer exhibits a
folded structure, as judged by both c.d. and n.m.r.
spectra, which are characteristic of a random coil
conformation. The most likely location of the
cleavage site is in the sequence Lysl05-Lysl106-
Glul07-Lys108. located at the beginning of
p-strand V. Thus, removal of part or all of
B-strand V destroys the foided form of RNase H.
which is consistent with the above interpretation.
With the exception of the C-terminal helix o,
which is not observed in solution, the secondary
structure found in the liquid and crystal states are
in agreement. It should be pointed out that the
RNase H domains studied by n.m.r. and crystallo-
graphy were derived from two different HIV-1
strains, HXB2 and BH10, respectively, and differ
by several amino acid substitutions (i.e. Tle46-Pro,
Asp49—-Asn, GIn90—-Lys and Vall37—Ile). In
addition, the sequence of the protein used for the
n.m.r. studies contains the engineered Trpl13—Ala
mutation and the tetrapeptide Met-Asn-Glu-Leu
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appended at the N terminus, while these four
residues in  the crystallized protein are
Tyr-Ala-Ser-Arg.  With the exception of the
Tle46—>Pro change, which is located at the end of
strand 11I, the differences are conservative, located
in loops or at the disordered N and C termini, and
clearly do not affect the structure in any significant
manner.

Comparison of the secondary structure of HIV-1
RNase H with that of E. coli (Yang et al., 1990;
Katayanagi et al., 1990; Yamazaki et al., 1991) is
also of interest. There is an almost perfect match of
the five B-strands and helices a,, ag and oy between
HIV-1 and E. coli RNase H. The ag helix in the
HIV-1 RNase H is about two to three residues
longer than that of the corresponding helix in the
E. coli enzyme, and the a¢ helix and the subsequent
12-residue loop that serve to connect helices ag and
ap in the E. colv protein are replaced by a short loop
comprising residues 88 to 92 in the HIV-1 enzyme.

In summary we have made use of 3D double and
triple resonance heteronuclear n.m.r. spectroscopy
to obtain 'H, '*N and '3C backbone sequential
assignments for the RNase H domain of HIV-1
reverse transcriptase. The observed secondary
structure in solution is consistent with that found in
the crystal structure but there appears to be
substantially more disorder at the C terminus in the
solution structure. Further, extensive line broaden-
ing in the n.m.r. spectra of the wild-type protein is
strongly suggestive of extensive conformational
heterogeneity, which is in part alleviated by the
mutation of Trpl113 to Ala.

This work was supported by the AIDS Targeted
Anti-viral Program of the Office of the Director of the
National Institutes of Health. We thank Joshua
Kaufman and Ira Palmer for technical assistance with the
protein  purification, and Joseph  Shiloah for
fermentations.
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