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3ye,# and 3y f coupling constants were measured for isotopically labeled FKBP when bound to the immunosuppressant, ascomyein, using a
‘H-coupled 3D HCCH-TOCSY and "“N-coupled 3D HSQC-TOCSY experiment, respectively, From an analysis of these two sets of coupling

constants, stereospecific A-proton assignments and 1 rolamers for FKBP have been obtained. All of the ¥l rotamers were consistent with the x1
angles measured in the X-ray crystal strugture of the FKBP/FK506 complex, suggesting that the structures of the two complexes are similar.

FKBP; Ascomycin; Coupling constant; NMR

1. INTRODUCTION

The accuracy and precision of 3D structures deter-
mined by NMR have dramatically improved in the last
few years [1]. These improvements are largely due to an
increase in the number of proton-proton distance con-
straints obtained from NOE data. Although homonu.-
clear and heteronuclear three-bond coupling constants
could also be used Lo obtain additional dihedral angle
constraints to further improve the quality of structures
determined by NMR, it is difficult to obtain these J-
couplings in large systems due to ihe broad linewidths
of the NMR signals and spectral overlap. Recently,
elegant experimental approaches have been devised to
overcome some of the limitations for measuring J-cou-
plings in large molecules {2-7). However, only a few
selected examples of coupling constants have been
measured using these techniques, and in many cases, no
useful applications of the methods have been reported,

In this paper, we describe a 3D NMR method for
measuring three-bond proion-proton coupling con-
stants in '*C-labeled proteins that is based on previously
reported 2D NMR experiments [5,6]. Using this tech-
nique, we have measured the */y2 % coupling constants
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ing protein; 3D HSQC-TOCSY, three-dimensional heteronuclear sine
gle quantum correlation-total correlation spectroscopy; 3D HCCH-
TOCSY, three-dimensional 'H-"*C."*C.'H correlation via '*C total
correlation spectroscopy; E.COSY, exclusive correlation spectross
copy.
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for [U-*N,3C)JFKBP (FK506 binding protein; 11.8
kDa) [8,9] when bound to the immunosuppressant, ase
comyein [10,11]. In addition, we have measured the
*Jwxu” coupling constants in the [U-'"N]JFKBP/ascomy-
cin complex using a ""N-coupled 3D HSQC-TOCSY
experiment [2]. From an analysis of these two sets of
coupling constants, the stercospeeific assignments for
most of the S-protons of FKBP have been determined
which is important for accurately interpreting the NOEs
involving these protons. In addition, y1 rotamers con-
sistent with the coupling constants were obtained, pro-
viding additional restraints for the structure determina-
tion of the FKBascomycin complex. The #1 rotamers
determined by NMR for the FKBP/ascomycin complex
in solution were compared to the 1 angles determined
in the X-ray crystal structure of the FKBP/FK 506 com-
plex {12).

2. MATERIALS AND METHODS

2.1, Materials

Recombinant human FKBP was cloned from a Jurat T eell cDNA
library and expressed in E. ¢oli using the PKK233-3 vector containing
a {re promoter [13]. [U-'*NJFKBP was prepared by growing cells on
a minimal mediwn containing **N ammonium chloride as the nitrogen
source, and [U-'""N,*CJFKBP was prepared from cells grown on "*N
ammonium chloride and [U-*Clacelate, FKBP was purified from
these cells as previously described [13].

2.2, NMR sample preparaticn

The NMR samples (3 mM) of the uniformly **N and '*N,"*C FKBP/
aseomyein complex were prepared in an H,0 or DO bufTer (pH 6.5),
respectively, containing 50 mM potassium phosphate, 100 mM so-
dium chloride, and 5 mM dithiothreitol-d . To form the complex,
excess unlebeled ascomycin was incubated with the protein solution
for 24-48 h at reom icmperature.
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22 NMR experimenis

The NMR data were acquired on a Bruker AMX500 (500 MH2)
NMR speclrometer at 30°C and processed using in-house written
sofiware on Silizon Graphics compulers. Linear Prediction was em-
ployed to improve windowing and resolution in the indireet detected
dimensions [14]. The time domain dala in the indirect detected dimen-
sions was extended by one quarter of the number of experimental
points. Data sets were extensively zero filled 1o aid in the interpolalion
of the peak positions.

The 4,8 coupling constants were measured using a "H-coupled
3D HCCH-TQCSY experiment [15] in which a small flip angle pulse
was used in the reverse INEPT part of the experiment as shown in Fig,
LA. The data set contained 47(2;) = 48(¢y) x 1024(r;) complex points
which were acquired using speetral widths of 3704 He (@, 'Hj, 4167
He (@, °C), and 8333 Hz (@,, 'H). The @, dimension was folded once.
The final data set size afer zero-filling was 128(w)) x 256(w;) x
8192(w,) points, giving a finel digilal resolution in @, of 1.0 Hz per
point. A DIPSI-2 [16] spinlock mixing period of 7.8 ms, and a 7, 7,
value of 1.§ ms was employed. Thirty-two transients were accumulated
per increment with a 1.1 s relaxation delay between scans, The total
accumulation time was 3.5 days.

The /1 coupling constants were measured using a '*N-coupled
3D HSQC-TOCSY experiment [2] with the pulse sequence shown in
Fig. 1B. The data set contained 33(:,) x 48(t.) x 1024{;) complex
points which were acquired using spectral widths of 1773 Hz (@), "N),
3205 Hz (@, 'H™), and 10,000 Hz (w,, '), The final data set size after
zerofilling was 128(@,) x 256(c,) % 16834(w,) points, giving a final
digital resolution in @ of 0.6 Hz per point. An MLEV-17 mixing
scheme of 43 ms was employed which was medified for the suppres-
sion of rotating frame NOE contributions {17], and water suppression
was accomplished with a 2 ms spinlock using the method of Measserle
et al. [18]. The water streak was further reduced during data processing
by using a time demain filter in which linear prediction was used to
extrapolate the filter for the initial time domain points. Thirty-twe
transients were accumulated per inerement with a 1.1 s relaxation
delay between scans. The total accumulation time was 2.5 days.

3. RESULTS AND DISCUSSION

3.1. Measurement of *Jy= 48 coupling constants

Fig. 1A depicts the 3D HCCH-TOCSY pulse se-
quence used in measuring the *J,=,,2 coupling constants
of [U-C,"*N]JFKBP when bound to ascomycin. After
frequency labeling the protons during the £, period, the
magnetization is transferred by an INEPT experiment
to the attached carbon which is indirectly detected dur-
ing r.. A DIPSI-2 mixing schemne [16] is used to transfer
magnetization between carbons followed by a reverse
INEPT sequence and the detection of the protons dur-
ing the acquisition (r;) period. No proton decoupling
was employed during f, to preserve the large 'Jy,.,
coupling important in these E.COSY-type experiments
[2-7]. In order to avoid mixing the spin states, either a
selective proton 90° pulse {5} or a small flip angle pulse
[6,7] could be used in the reverse INEPT part of the
experiment. We chose to use a small flip angle pulse to
eliminate the problems asseciated with selectively per-
turbing protons in crowded spectial regions, with the
added advantage of allowing all of the J-couplings to be
measured in a single experiment.

Representative C(a,),' H(@,) planes extracted from
the 3D NMR experiment at different proton chemical

138

FEBS LETTERS

June 1992

A 3¢°
2 By A 07

L]
Ity 1 B
W lng _d

¢ 44
13pe m ]Tj’ t2 % [owesiz |t
1ico [ eceuple |

B'hx

x 63 &

n _Iilﬂﬁl_l r‘!I‘ﬂ Ta ls—l-xl*alm*_
% 7] X x
14y _L I'f ‘Eil ]

Fig. 1. (A) Pulse sequence for ithe 'H<oupled 3D HCCH-TOCSY
experiment. Wide bars correspond to 180° pulses and narrow bars
denote 20° pulses except for the small fiip angle (20°) in the reverse
INEPT part of the experiment. The phase cyeling lor the pulses con-
sists of $1 = (x.x,-x,=x), €2 = (x,~x), ¢3 = (),—)), ¢4 = 8(x),8(~=),
&t = (2x,2y,2(=x),2(= D), 3 = (A A AX) A=), 97 = (2,20, x,—x),
and ¢8 = (4x,4y) with the receiver cyeled 2(x,—x,~x.3),2(-x, %, x,~%).
Quadrature in 1, and £, was obtained using States TPPI [26] by incre-
menting @1 for ¢) and ¢4 for (. The carbon and proton carrier fre-
quency was set at 52 and 3.13 ppm, respectively. (B) Pulse sequence
for the 3D '“*N.coupled HSQC-TOCSY experiment with phase cy-
cling: 81 = (x.x.-x,—x), 82 = (x,~x), @3 = 4(x),4(~x), p4 = B(x),8(~x)
with the receiver cycled x,=x,=x,x,—x,x,X,~x. Quadrature in ¢, and ¢,
was obtained using States-TPPI {26] by incrementing ¢2 for r, and 93
for ta, The proton carrier frequency was placed in the middle of the
amides at 7.68 ppm. The 7, delay (2.7 ms) was set to 1/4('/y,,), and
T, was added to compensate for the length of the 90° proton pulse.

shifts (@,) are shown in Fig. 2. The *J,#,# coupling
constants are obtained from these spectra by measuring
the frequency difference in @, between the two "C-
coupled o-proton peaks (@.). In order to obtain an
accurate and reproducible measure of these couplings,
several methods were tried. The most reliable approach
was to extract and simultaneously display on a graphics
sereen the 1D @; traces of the 3D data at the center of
each of the peaks split by the large one-bond “*C-'H
coupling. The coupling constants were measured by
shifting one of the traces relative to the other until the
peaks overlap, with the amount of the shift correspond-
ing to the coupling constant.

Using this approach, both *Jyz ¢ coupling constants
could be measured (Table I} for thirty-six of the sixty-
one amino acid residues that contain two S-protons
(excluding proline). *J,,= 1,# coupling constants could not
be measured for ten of these amino acids due io degen-
erate f-methylene protons and for another nine due to
spectral overlap. For amino acid residues Val, Ile, and
Thr that contain only one S-proton, coupling constants
were measured for twenty out of twenty-one of these
spin systems. Of these, only the */y= ¥ coupling con-
stant of T14 could not be measured as a result of spec-
tral overlap with the water resonance.
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Fig. 2. '2C{e2.),"H(w) planes from the 'H-coupled 3D HCCH-TOCSY spectrum extracied at (A) 5.27, (B) 6.72, (C) 498, (D) 449, (E) 4.28 ppm
(,). *Jy=,.# coupling constants are mensured from the frequency difference in o between the two C-coupled a-prolon peaks ().

3.2. Measurement of *Jn ¥ coupling constamis

The */,, 4 coupling constants for the [U-""N]FKBP/
ascomycin complex were measured using the 3D 'SN-
resolved HSQC-TOCSY pulse sequence [2] shown in
Fig. IB. No *N decoupling was employed during the
t» period, generating two peaks separated by the large
'JyuN coupling constant from which the *Jyu# cou-
plings were measured [2]. Fig. 3 depicts a 'H{w,).'H{(e5)
plane from the 3D HSQC-TOCSY experiment ex.
tracted at the '"N(w,) chemical shift of 123.0 ppm. The
3Jnuf coupling constants were measured from the 3D
NMR spectrum from the frequency difference in w,
between the peaks split by the large one-bond *N,'H
coupling in @, by the method of shifting the 1D traces
as previously described for the °/,%,# measurements.
As shown in Table I, most of the possible *Jy,# cou-
pling constants could be measured using this technique.

3.3, Srereospecific assignments and yI angles

In previous NMR studies, the stercospecific f-proton
assignments and z1 angles were determined from an
analysis of bot/t coupling constants and NOE data [19-

21). In principle, if all four /2, and *J 48 coupling
constanis can be measured, the 1 angle and stere-
ospecific assignments of the S-protons could be made
independent of the NOE data. As shown in Fig. 4, two
small 2J= # coupling constants (<5.5 Hz) are indicative
of a g~ rotamer [22] (¢1 = +60°) with Lhe steieospecific
AB-proton assignments defined by the 2Jy,# coupling
constants (>4.0 Hz, H?; <2.5 Hz, H®). Two small
37y u? coupling constants (< 2.5 Hz) support a t ro-
tameric state (¥1 = 180°) with the stereospecific f-pro-
ton assignments defined by the *Jya ;# coupling con-
stants (<5.5 Hz, H*; >9.0 Hz, H%). The g" rotamer is
supported by one big and one small */,= . and *Jy @
coupling constant.

From a qualitative analysis of the coupling constants
given in Table I, the stereospecific f-proton assignments
and preferred ¥1 rotamers were determined for the indi-
vidual amino acids of FKBP when bound to ascamycin.
As shown in Table [, a single rotamer was determined
for most of the amino acids using only the coupling
constant data. In those cases in which one or more of
the coupling constants could not be measured as for
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T14, C22, R40, D41, E54, V55, 156, Q65, and M6, two
x1 rotamers were found to be consistent with the J-
couplings, eliminating only one of the possible ro-
amers, In other cases such as for S8, R13, K34, K32,
and E107, the coupling constants did not support any
of the possible y1 rotamers. Additional stereospecific
assignments and y1 rotamers are also listed in Table 1
that could not be determined solely from the coupling
constants but required the NOE data (asterisks).

For a more quantitative analysis of the coupling con-
stant data, the *Jyz,# and /¥ coupling constants
were compared to those predicted by the Karplus equa-
tions [20,23}:

s = 9.5cos*(¥1+240°)=1.6¢cos(¥1+240°)+1.8

32 = 9.5cos%(x1)—1.6cos(x1)+1.8

FEBS LETTERS

Jupe 1992
o = —4.4cosi(p1+120°)+1.2c0s(¥1+120°)+0.1
U = —hacosiz1~120°)+1 2c0s(yl ~120°)+0.1

In order to partially compensate for errors in the
parameterization of the Karplus equations, the possibil-
ity of restricted motional averaging, and the digital res-
olution of the spectra, #1 values were accepted in which
observed—aredicieal WaS less than +/-2 Hz for 2z and
/=1 Hz for *Jy yf. Predicted x1 values within 20° of an
eclipsed conformation were eliminated due to their high
energy and to the fact that they are rarely observed in
protein structures previously determined by X-ray crys-
tallography [21,24].

As shown in Table I, for several of the residues no y1
angle could be found that satisfied these criteria. More-
over, many of the 1 angles that could be fit to the

Table 1

M6 and 3y 8 coupling constants from which stereospecific -proton assignments and ¥| rolamers/angles were determined. For comparison,
the #1 angles measured in the X-ray structure of the FKBP/FK306 complex [12] are listed

& (ppm) 5 (Hz) 21
res i H” He, B He HP N,HP N,H# Rotamer NMR X-ray
v2 - .89 - 3. - 0.7 g 64 £ 16 58
Q3 1.99 2.13 9.2 [} 1.2 4.9 ar 59
AL - 2.05 - 10.2 - m 1 176
ES d d ~67
T6 4.10 - 10.7 - m - 2 68
7 .35 - 13.2 - 22 - B -78 4+ 2 65
58 40 2.0 1.6 1B —42
D1l 302 2.77 3.5 20 5.6 23 - S04 70
Ri3 1.78* 1.58"* 5.1 3.0 24 1.2 g™ -175
Tl4 4.28 - "] - 1.2 - gt 43
F15 2.64 32 9.0 2.0 1.2 48 g -8B+ 2 ~-66
K17 1.57 1.56 110 3.2 1.2 4.0 g -84 £ 4 -7l
Ri8 d d -155
Q20 2.29 1.94 m 4.1 0.6 58 g 66
T2! 395 - 10,6 - 22 - g -85+ 16 -65
C22 2,18~ 2,00 o v] 1.1 52 g™ /g ~-56
Va3 - 2,08 - 10.2 - 1.2 t -162 £ 10 -176
Vi - 2.55 - 4.3 - 4,3 ar -44 + 4 -52
H25 o o l.2» 1.8 t ~-100
Y26 3.40 3.4 20 4,0 5.6 1.2 g 60 + 4 70
T2 4.11 - 90 - 1.2 - g ~Bi =4 —-62
M29 1.99* 1.87* 2.0 2.0 m m ' 65
L30 2,23 1.97 11.6 4.2 1.8 4.3 g 7220 ~14
E3l d d 93
P12 3.01 2.64 30 4.0 4.3 1.8 B 2r2 62
K14 308 8.1 0.6" 24 ~108
K35 d d -173
F36 3.36 2.73 4.0 4,0 4.8 0.6 B 60L& 12 53
D37 3.61 2.63 50 100 1.2 0.6 t -176 £ 8 -173
533 4,12 3.65 3.0 9.1 1.8 26 t ~146 = B 173
539 5.03* 3.34% 3.0 2.0 m m & 59
R40 1 .45* 1.49* 14.0 20 [} o ot —66
Ddal 2,82% 2.73* 0 o 5.4 0.6 g 67
R42 d d )
N43 3.24» 2,71 5.0 31 1.0 0.8 g * -
K44 1.70* 1.B4* 1] o 0.3 1.8 t 77
Fd6 3.65 3.11 50 9.1 1.8 0.6 t 170
K47 1.52% 1.20* 10,1 5.0 0.6 24 g ~00
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Table I (cont.)
& (ppm) 4
Ies H*® H” HT, H#*? He, H N,H” N, TNotamer NMR X-ray
F48 2.95 2.89 30 30 5.4 1.8 - 7042 70
M4y 1.98 213 11.0 30 1.2 4.2 B* ~82+8 -9
LS50 1.93 1.26 10,0 30 2.4 5.5 * -82zx6 -97
K52 1.76* 2,13 5.0 30 1.7 4.1 g -78
Q33 d d 9
E54 o ) 0.6 42 B/g ~79
V35 - 1.42 - 5.0 - m g™ -74
156 233 - 2.0 - m - 2t a9
RS57 }.82" 1.38* m m m m t* =177
W59 3.01 2.66 9.1 m 2.4 43 g 93
EGQ d d 177
EGi 1.91 2.21 13.0 4.1 1.8 42 g ~72+2 ~70
Y63 - 2.27 - 13,6 - 20 1 166 + 4 176
Q65 2,15~ 2.43% m m 0.6 24 B 63
MG6 2,15* 1,99% m m 1.7 57 geg ~64
567 241 3.76 5.1 3.0 42 1.2 B 804 58
Y6B - .86 - 10.5 - m t 180
Q70 d d -172
R71 1.62 1.88 I 4.1 24 24 t -174
K73 1.67 1.79 1.1 30 1.2 36 -850 -39
L74 1.76 1.27 122 30 1.2 36 g™ -8820Q ~51
T?5 4,04 - 9.1 - 2.2 - g -94 %12 ~61
176 1,92 - 13.2 - 0.0 - B =60t 20 ~64
877 444 3.08% 4.0 1.0 m m g 62
D79 2,79 288 5.0 1.0 54 1.2 'y 74412 45
YBO 3,05 2,86 12.0 30 24 4.4 g* -84 +4 86
Y82 2,78 324 13.2 1.1 0.6 5.4 gr ~724 12 -38
T85 4,31 - 109 - 1.3 - g" -80 £ 12 ~56
H37 1L.71% 2.35* 0 0 1.2 1.2 1 =177
190 142 - 12.3 - 1.2 - g -T24£16 -51
91 142 - 10.2 - 24 - g -85z 12 -G8
H94 d d -50
To6 4.02 - 10.5 - 1.2 - g =76+ 16 -68
L97 1.86 1.52 11.1 4.0 1.2 49 g ~62 £ 10 -55
Vog - 1.79 - 10.1 - 24 1 [52 + 12 130
F99 .84 299 121 24 1.8 36 88+ 4 =76
D100 2.50 283 2.0 16.0 0.6 0.6 t =160+ 0 179
Yigl - 1.67 - 10.2 - 1.2 t 156 £ 12 -179
El02 1.64* 210" m m 1.2 m t -172
1103 m m m 175
L104 d d =50
K105 o c o 1) g 54
L1g6 1.58 1.23 12.2 30 0.5 48 g =G4 £ 12 -62
E107 3.0 7.0 240 12 48

d, degenerate; *, derived from NOE data; a, lower field resonanee; o, overlap with other peaks or noise; m, missing signal.

coupling constant data were outside of the range (60°,
—060°, or 180° +/— 20°) typically observed in X-ray
crystal structures [21,24], Although the manner in which
the coupling constants were analyzed is biased (i.e. it is
casier to satisfy the eriteria for angles larger than 60°
or ~60°), motional averaging and inaccuracies in the
parameterization of the Karplus equations may also
play a role. In addition to small angular fluctuations,
large angular motions between different rotamers are
possible, In an attempt to account for averaging be-
tween different rotamers, the NMR data were analyzed

in terms of rotaimer populations on the assumption that
the observed coupling constants are due to an average
of the values observed for the g*, g~ and t rotamers as
typically employed in the analysis of peptides [25]. How-
ever, for proteins, these assumptions may not be justi-
fied, since packing interactions may cause deviations
from the standard rotamer geometries which would re-
sult in coupling constants outside of the range allowed
by this model, Nevertheless, we analyzed both *Jy=;#
and 3/, 1 (Table I) using this approach to determine if
the data is qualitatively consisient with a preferred ro-
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Fig. 3. 'H(w),'H(ws) cross-section from the 'H-coupled 3D HSQC-TOCSY specirum extracied at 123.0 ppm (o) that depicts HN,H# cross-peaks.
%fnuf coupling constants are measured from the frequency difference in @, between Lhe two "N.coupled amide proton peaks (ay).

tamer. As expected, the rotamer with the greatest popu-
lation was generally in agreement with the ¥l values
predicted by the Karplus equations. However, excep-
tions were noted for those residues (88, R13, N43, K34,
K47, K52, and E107) that could not be fit to any }1
angle. For these residues a preferred rotamer (>60%)
could not be found that was consistent with both the
3J§|“||.|ﬁ and BJN_H'& data,

Since the amino acid residues on the surface of the
protein may be expected to be more flexible than the
buried residues, our NMR data were compared to the
solvent accessibility of the FKBP residues determined
in a preliminary NMR structure of the FKBP/ascomy-
cin complex. As shown in Fig. 5, those residues in which
four coupling constants were measured but could not be
fit using the Karplus equations to a single 1 angle
(hatehed bars) were all found on the surface of the
protein. In addition, it is interesting to note that with the
exception of Q70, the FKBP residues with degenerate
f-protons were found to be solvent exposed (Fig. 3,
solid bars).

3.4, Comparison to the X-ray structure of FKBP/FK506

The y1 rotamers determined from the coupling con-
stants and NOE data for FKBP when bound to ascomy-
cin were compared to the ¥1 angles measured in the
X-ray structure of the FKBP/FK505 complex [12). As
shown in Table I, all of the »1 rotamers that could be
determined from the NMR data were in agreement with
the ¥1 angles in the X-ray structure. These results sug-
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gest that the solution and crystal structures are very
similar. The only difference in which the NMR data
were inconsistent with the X-ray structure was for some
of the FKBP residues located on the surface of the
protein. Although the ¥1 angles were defined for these
residues in the X-ray structure, the coupling constant
data could not be fit to a single ¥1 rotamer indicative
of conformational averaging.

4. CONCLUSIONS

A 'H-coupled 3D HCCH-TOCSY experiment is Je-
scribed for measuring *Ju= 8 coupling constants in '*C-
labeled molecules. Using this technique /%, coupling

g (+60% gri-609 1{180%)
Mea HE& HG&
HB2 HP3  Hp3 ct s np2
N oc N o N
) Hh2 L
aJHﬂ.Hﬁ small, smell Dig. small small, big
3JN.HB‘ big, small small, big small, small

Fig. 4. Stuggered rotamers g7, g°, and t corresponding to x1 angles

+~60°, -60°, and 180°, respectively [22]. 3=y (small < 5.5 Hz, big »

9.0 Hz) and */,,# (small < 2.5 Hz, big > 4.0 Hz) coupling constants
that supporl the individual rotamers.
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Fig. 5. Solvent accessibility {(A*) determined from a preliminary MMR struciure of the FKBP/ascomycin complex. The solid bars correspond 1o
amino acid residues with degenerate §-proions, and the haiched bars indicate FKBP residues in which four coupling constznts were measured but
were found to be inconsistent with a single 1 angle.

constants were measuted for [U-"*C,'’N]JFKBP when
bound to ascomyein. In addition, */y 4 coupling con-
stants were measured for the [U-"NIJFKBP/ascomyein
complex using an "N-coupled 3D HSQC-TOCSY ex-
periment {2}). From a qualitative analysis of this daia,
stereospecific f-proton assignments and y! rotamers
were obtained which will be important for accurately
defining a 3D structure of the FKBP/ascomycin com-
plex in solution. All of the ¥1 rotamers derived from the
coupling constants and NOE data were in agreement
with those obtained from the X-ray structure of the
FKBP/FK306 complex [12], suggesiing that the struc-
tures of the two complexes are very similar.
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