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Abstract 

E47  is an immunoglobulin enhancer DNA-binding protein that contains a basic region-helix-loop-helix (blHLH) 
domain. This structural motif defines a class of transcription factors that are central to the developmental regulation of 
many tissues. Its function is to provide a dimerization interface through the formation of a parallel four-helix bundle, 
resulting in the  juxtaposition of two basic DNA-recognition a-helices that control sequence-specific DNA-binding. In 
order to gain insight into the biophysical nature of b/HLH  domains, we have initiated structural studies of the E47 
homodimer by NMR. Sequence-specific resonance assignments have been obtained using a combination of heteronu- 
clear double- and triple-resonance NMR experiments. The secondary structure was deduced from characteristic patterns 
of NOEs,  '3Calp chemical shifts,  and measurements of 3JHNHa scalar couplings. Except for the basic region recognition 
helix, the secondary structural elements of the E47 homodimer are preserved in the absence DNA when compared with 
the co-crystal structure of E47 bound to DNA (Ellenberger T, Fass D, Arnaud M, Harrison SC, 1994, Genes & Dev 
8:970-980). As expected, the DNA-binding helix is largely unstructured, but does  show  evidence of nascent helix 
formation. The HLH region of E47 is structured, but highly dynamic as judged by the rapid exchange of backbone 
hydrogen atoms and the relatively weak intensities of many of the NOEs defining the dimerization helices. This  dynamic 
nature may be relevant to the ability of E47 both to homodimerize and to heterodimerize with MyoD, Id, and Tall. 
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The basic region-helix-loop-helix (WHLH) motif defines a class of 
transcription factors that are important regulators of many eukary- 
otic developmental pathways. The HLH region is  an oligomeriza- 
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tion domain capable of forming dimers, tetramers, and higher- 
order aggregates. Dimerization results in the pairing up of each 
HLH motif to form a four-helix bundle. Upon dimerization, this 
domain brings together two N-terminal arginine- and lysine-rich 
DNA-binding a-helices (the basic region), which promotes spe- 
cific binding to the pseudo-symmetric CANNTG DNA sites found 
in the E-box control regions of many developmentally regulated 
genes. 

Regulation of gene transcription results from both homo- and 
heterodimerization of heterologous HLH-containing proteins, which 
also contain  other  distal protein-protein interaction domains 
(cf. Jones, 1990; Lamb & McKnight, 1991; Lassar et al., 1991). 
For example, E47, a ubiquitously expressed protein identified 
originally as  an immunoglobin enhancer-binding factor, forms 
homodimers as well as heterodimers with the muscle-specific dif- 
ferentiation factor, MyoD (Lassar et al., 1991; Kadesch, 1993). 
Likewise, the  b/HLH/Z protein MAX can homodimerize or het- 
erodimerize with the oncoprotein myc, which by itself does not 
normally oligomerize (Blackwood & Eisenman, 1991; Prendergast 
et al., 1991). It is clear that the functional relevance of homo- and 
heterodimer formation is to increase the range of DNA specificity 
and transcriptional control attainable from a finite number of pro- 
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teins. However, the structural and  chemical basis by which HLH Results 
domains discriminate their dimerization partners is still not under- 
stood completely. 

An additional observation that is also not well understood is the 
ability of HLH proteins to form tetrameric and higher-order oligo- 
meric structures. Several studies have demonstrated tetramer for- 
mation both in vitro (Starovasnik et al., 1992; Fairman et al., 1993; 
FerrC-D'AmarC et al., 1994) and in vivo (Farmer  et al., 1992; 
FerrC-D'AmarC et al., 1994). In studies of the Id protein, an HLH 
protein that lacks a functional DNA-binding domain, it was pro- 
posed that the tetrameric form may act to inhibit DNA-binding 
(Fairman et al., 1993; cf. Phillips, 1994). A similar proposal was 
suggested by Fisher et  al. (1991) in their studies of TFEB,  a 
b/HLH/Z containing DNA-binding factor. Finally, under physio- 
logically relevant concentrations, USF was shown to exist as a 
homotetramer that binds simultaneously to two independent DNA 
sites; these data, coupled with in vitro experiments, led to the 
intriguing proposal that this form of the protein may have a role in 
DNA looping (FerrC-D'AmarC et al., 1994). Less is known about 
larger oligomeric states, although a recent study reported the  ex- 
istence of MyoD micelles containing more than 1 0 0  monomer 
subunits, and several models were presented to describe the influ- 
ence of a micellar depot of MyoD on homo- and heterodimeriza- 
tion and on DNA binding (Laue  et al., 1995). 

To gain insight into the function and assembly of these different 
HLH oligomers, structural studies of different forms of these pro- 
teins are necessary. Several models have been built predicting the 
tertiary fold of E47 and MyoD homodimers (Anthony-Cahill et al., 
1992; Halazonetis & Kandil, 1992; Starovasnik et al., 1992; Vin- 
son & Garcia, 1992; Gibson et al., 1993) using sequence align- 
ments of the predicted amphipathic a-helices and the intervening, 
variable-length, loop region (Murre  et al., 1989). The first exper- 
imental structural information for the b/HLH motif came from the 
co-crystal structure of MAX, which contains both a WHLH do- 
main and a leucine zipper (LZ), bound to its cognate DNA-binding 
site (FerrC-D'AmarC et al., 1993). This structure revealed that, 
upon dimerization, the b/HLH domain forms  a left-handed parallel 
four-helix bundle, with the DNA-binding helix being an extension 
of helix 1 and the leucine zipper domain being an extension of 
helix 2. Subsequently, the co-crystal structures of a second b/HLH/Z 
protein, USF bound to DNA  (FerrC-D'AmarC et al., 1994), and two 
other WHLH proteins bound to DNA, MyoD (Ma et al., 1994) and 
E47 (Ellenberger et al., 1994), have been solved (cf. Wolberger, 
1 994). 

We are also interested in structures of these proteins in the ab- 
sence of DNA because of their relevance to the assembly of func- 
tional heterodimers and higher-order oligomers. We chose to work 
on the b/HLH domain of E47, a protein that regulates  immuno- 
globulin gene transcription (Shen & Kadesch, 1995) and B-cell de- 
velopment (Bain et al., 1994). E47  can also heterodimerize with the 
tissue specific HLH protein MyoD to promote muscle differentia- 
tion, and with Tal l ,  a WHLH proto-oncogene implicated in T-cell 
acute lymphoblastic leukemia (Hsu et al., 1994). Herein we present 
complete resonance assignments and the secondary structure of E47 
based on double and triple resonance NMR experiments. This is  a 
necessary first step in the determination of a solution structure that 
can be compared with the co-crystal structure of E47 bound to DNA 
(Ellenberger et al., 1994) and structures of E47 heterodimer com- 
plexes when they become available. We also describe data  on the 
dynamic state of the E47 homodimer and interpret this in light of 
recent thermodynamic studies of  protein-DNA complexes. 

Using circular dichroism, Anthony-Cahill and coworkers demon- 
strated that the HLH domain of the  E47 homodimer is largely 
a-helical and the basic region is random coil in the absence of 
DNA (Anthony-Cahill et  al., 1992). We therefore anticipated that 
3D "N-separated experiments would be highly congested, and 
that 3D and possibly 4D double resonance experiments would be 
necessary for complete sequential assignments; this expectation 
was realized fully. 

A  67-amino acid E47 fragment labeled uniformly with I5N or 
15N/'3C was produced in Escherichia coli grown in minimal me- 
dium containing [ 15N]( NH&S04 or [ I5N]( NH&S04 and [ I3C6]d- 
glucose  as  the  sole source of nitrogen and carbon. Conditions for 
optimal data collection were determined by recording IH-l5N HSQC 
spectra on "N-labeled E47 at a variety of pH, temperature, and 
salt conditions (Bax  et al., 1990b; Norwood et al., 1990). Estimates 
of Tlp were also made by collecting 1D "N-separated TOCSY 
spectra at different mixing times  (Marion et al., 1989). 

An HSQC spectrum of E47 collected under final conditions 
(20 mM  DTT, pH 5.5, 30 "C) is shown in Figure I .  The spectrum 
shows reasonable dispersion in both the 'H and I5N dimensions. 
Several crosspeaks are aliased because the I5N spectral width was 
reduced to 625.0 Hz in order to minimize the number of time 
increments necessary to achieve acceptable digital resolution in 3D 
and  4D spectra. Sixty-three of the expected 67 HN-I5N crosspeaks 
are evident with only a few areas of serious overlap. The region of 
greatest difficulty is shown in expanded region of Figure 1, and, 
even in this highly congested region, a combination of several 
experiments (see below) allowed us to assign all resonances. Line- 
widths of well-resolved I5N resonances are 9-10 Hz and HN line- 
widths are 17-24 Hz. These  linewidths  are  consistent with a 
homodimer that is perhaps somewhat elongated or slightly aggre- 
gated. The number of resonances in the HSQC spectrum confirm 
that E47 is a symmetric dimer. Analytical ultracentrifugation studies 
(Bishop et al., 1995; Laue et al., 1995) also suggest that the b-HLH 
domain of E47 is a homodimer, as measured in the range from 100 
to 150 p M  protein. Therefore, it is unlikely that E47 forms higher- 
order oligomeric states at 1.5-2.0  mM protein, the concentration at 
which our NMR experiments were done, because this would surely 
have been detected by the ultracentrifugation studies. 

Sequential assignments 

Initially, we tried using 3D I5N-separated TOCSY HMQC, 3D 
I5N-separated NOESY (Marion  et al., 1989), and 3D-HNHB (Ar- 
cher  et al., 1991) experiments to assign the backbone and side- 
chain 'H and I5N nuclei. This proved to be extremely difficult. 
Magnetization transfer from side-chain to amide protons in the 3D 
15N-separated TOCSY HMQC was not very efficient, making spin 
system identification highly ambiguous. Assignment reliability was 
only somewhat improved by the HNHB experiment. Sequential 
connections were also difficult, even for the predicted helical re- 
gions, which should be relatively straightforward using 'HN-IHN 
NOEs. However, the IHN-IHN NOEs were often very weak, which 
suggests that the a-helices are ill-defined or that the bundle is 
fairly dynamic; in either case, this would lead to more rapid ex- 
change of the amide protons and bleaching from presaturation of 
the water resonance. Because assignments should be easiest in the 
helical region of the protein compared with the basic region and 
the loop, these results were not encouraging for obtaining complete 
assignments by double resonance experiments. The few residues in 
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Fig. 1. 2D 'H-I'N  HSQC of E47 at 30T,  pH 5.5. The  spectral width in the "N dimension  was 625.0 Hz. Aliased  crosspeaks  are 
displayed  without sign discrimination. The region of greatest overlap is enlarged. 

the basic region that were assignable had sparse NOE  content and 
lacked IHN-'HN NOEs, consistent with the expectation that this 
region of the protein is relatively unstructured. We therefore pro- 
ceeded by collecting 4D l5N/I3C hetero-nuclear NMR experi- 
ments to assign the protein via scalar connections. 

Heteronuclear experiments for assignment of backbone nuclei 
("N, lHN, I3C,, 'H,) included 4D CT  HCA(C0)NNH and 4D  CT 
HCANNH  experiments  (Boucher  et al., 1992a, 1992b) acquired on 
a uniformly labeled 15N/'3C sample of E47 in 90%  H20/10% 
D20. The  HCANNH experiment provides intraresidue correlations 
between the ('H,,I3C,) and ("N, IHN) resonances of a given 
residue, as well as the interresidue correlation to the ('H,,l3C,) 
chemical shifts of the preceding residue; for E47, this experiment 
was  more  sensitive than the related HNNCAHA experiment, which 
is not surprising because the protein is fairly small and appears to 
be somewhat dynamic. The  HCA(C0)NNH experiment correlates 
the ("N, IHN) resonances of a given  residue with only the 
('H,,I3C,)  of the preceding residue, providing independent con- 
firmation of sequential connections. Side-chain I3C and 'H assign- 
ments were obtained via a 4D  HCC(C0)NNH experiment (Clowes 
et al., 1993) that correlates '%-IHN resonances of a given residue 
with 'H-I3C chemical shifts of the entire preceding side chain. 
This experiment was especially useful because it takes advantage 
of the level of dispersion of 'HN and I5N chemical shifts  for 
resolving individual spin systems. For example, the 'H and I3C 
chemical shifts of several arginine side  chains  were almost com- 
pletely degenerate, but assignable nonetheless because the  chem- 
ical shifts of the C-terminal 'HN and 15N resonances were well- 
resolved. This is illustrated in Figure 2, which shows separate 2D 
'H-I3C planes from the 4D HCC(C0)NNH experiment at the IHN- 
I5N coordinates of four different arginines. 

Virtually all of the backbone and side-chain assignments were 
made with a combination of these three 4D experiments. Problem- 
atic regions were overcome by combining the information from 
these  experiments with the 3D I5N-separated NOESY, the 3D 
HNHB experiment, and a 3D 13C-separated TOCSY (Bax et  al., 
1990a) collected on a sample of E47 in D20. For example, we 

observed weak or missing COHO crosspeaks of glutamic acid res- 
idues and C,H, or CsHs crosspeaks of some of the hydrophobic 
amino acids in the HCC(C0)NNH experiment. These missing as- 
signments were provided by the HNHB experiment and the 3D 
13C-separated TOCSY. Together, the 3D "N-separated experi- 
ments and the I3C-separated TOCSY also provided higher preci- 
sion of the indirectly detected 'H and 13C side-chain chemical 
shifts relative to the 4D HCC(C0)NNH experiment. Table 1 is a 
list of assignments for 97% of the protein backbone chemical shifts 
and 79% of the side-chain chemical shifts. 

Secondary structure 

Short- and medium-range NOES were obtained from the  3D "N- 
edited NOESY HMQC experiment and help define the secondary 
structure as illustrated in Figure 3.  The presence of strong H,HN 
(i, i + 1) NOEs between Met 1 and Arg 20 is consistent with the 
expected random coil nature of the basic region in the absence of 
DNA (Fig. 3). Helix 1 extends from Asp 21 to Cys 33 as  judged by 
the presence of HNHN (i, i + 1) NOES and weaker H,HN (i, i + 1) 
NOEs. Likewise, helix 2 extends from Thr 44 to Asn 67 and has 
several H,HN (i, i + 3) NOES in addition to HNHN (i, i + 1) NOEs; 
few H,HN (i, i + 3) NOES are observed for helix 1, suggesting that 
helix 2 is the more stable of the two.  The  loop region from Gln 34 
to Gln 43 is characterized by strong H,HN ( i ,  i + 1) NOEs. 

Confirmation of the secondary structure is obtained from the 
difference in C, chemical shifts relative to random coil values 
(Spera & Bax, 1991) and from the three-bond coupling constant 
3JH~H,  (Billeter et al., 1992). These data are shown in Figure 4A 
and B. Helical regions of the protein are characterized by positive 
C, chemical shifts from random coil values, whereas extended or 
&sheet structures have negative shifts. The basic region (Met 1 to 
Arg 20) is dominated by slightly positive 6C, values. The strongly 
positive X u ' s  from  Ile  22 to Met 35 and Lys 45  to Asn 67 identify 
helix 1 and helix 2, respectively. The dip in the 6C,'s in the middle 
of helix 1 may be due to ring current shifts from Phe 26; inter- 
estingly, the drop  and subsequent rise have the periodicity of an 
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Fig. 2. 2D 'H-I3C planes  from  the 4D HCC(C0)NNH  displayed  at  the 'HN-I5N chemical  shifts  of Arg 8, Arg 16, Arg 18, and  Arg 66. 
Corresponding  crosspeaks in all  four  planes  have  nearly  identical 'H and I3C chemical  shifts. 

a-helix. Alternatively, the helix could be disrupted slightly by the 
presence of Gly 30, which is  a helix breaking residue (Chou & 
Fasman, 1978). Negative shifts from Leu 37 to Gln 43 suggest that 
the loop region is in an extended conformation. 

Further support for this assignment of regions of secondary 
structure comes  from values of the 3JHNH, coupling  constant 
(Fig. 4C). These were obtained from a series of J-modulated I H- I5N 
HSQC spectra  (Billeter  et al., 1992). Estimates of the error in the 
values of 3JHNH, are approximately k0.2 Hz for nonoverlapped re- 
gions of the J-modulated HSQC spectra. These were made by eval- 
uating  the  uncertainty  in  intensity  measurements  (10%)  and 
propagating  the uncertainty throughout the calculation. The uni- 
formly lower J-values between Asp 21 and Cys  33  and  Thr 41 and 
Glu 65 are consistent with an a-helical conformation, whereas be- 
tween Gln  34  and Ala 42,  the J-values are  more compatible with an 
extended structure. Based on the J-values, the second half of helix 1 
appears less ordered than the  first half and the  C terminus of helix 
2  appears frayed. 

Protein  dynamics 

An apparent relaxation time T;, which is the arithmetic mean of 
zero and double quantum 'H-I5N coherence relaxation times, can 
also be determined from the J-modulated 'H-I5N HSQC experi- 
ment. The Ti values provide qualitative insight into the dynamics 
of the protein backbone (Fig.  4C).  The fitted Ti values were in the 
range of 30-40 ms and  are remarkably constant for the region 
between Asp 21 and Glu 65, including the predicted loop; this has 
implications for the orientation of the a-helices relative to one 
another. Only at the N-terminal and C-terminal extrema do the 
relaxation times increase, reflecting mobility of the basic region 
and fraying of the C-terminal end of helix 2. 

Protein dynamics were characterized further using an lH-'D 
exchange experiment. Regions of secondary structure typically 
have slowly exchanging amide protons due to the involvement of 
these protons in hydrogen bonds with carbonyl or side-chain ox- 
ygens. In the case of E47, amide protons were barely detectable 
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Table 1. 'H,  "N, and "C chemical shifts for E47 at p H  5.3 and 30°C 

Residue 15N (NH) I3Ca (Ha) I3CP (HP) "CY ( H Y )  Others 

Met 1 
Leu 2 

Asp 4 

Clu 6 
Arg 7 
k g  8 
Met 9 
Ala I O  
Asn 11 
Asn 12 
Ala 13 
Arg 14 
Glu 15 
Arg 16 
Val 17 
Arg 18 
Val 19 
Arg 20 
Asp 21 
Ile 22 
Asn 23 
Glu 24 
Ala 25 
Phe 26 
Arg 27 
Glu 28 
Leu 29 
Gly 30 
Arg 31 
Met 32 

Gln 34 
Met 35 
His 36 
Leu 37 
Lys 38 
Ser 39 
Asp 40 
Lys  41 
Ala 42 
Gln 43 
Thr 44 

Leu 46 
Leu 47 
Ile 48 
Leu 49 
Gln 50 
Gln 51 
Ala 52 
Val 53 
Gln 54 
Val 55 
Ile 56 
Leu 57 
Gly 58 
Leu 59 
Glu 60 
Gln 61 
Gln 62 
Val 63 

Glu 65 
Arg 66 
Asn 67 

k g  3 

k g  5 

cys  33 

Lys 45 

k g  64 

113.7 (8.64) 
113.6 (8.68) 
120.8 (8.53) 

119.0 (8.25) 

120.3 (8.22) 
120.2 (8.26) 
119.7 (8.30) 
123.3 (8.24) 
116.4 (8.36) 
117.7 (8.27) 
122.6 (8.16) 
117.6 (8.16) 
119.4 (8.20) 
120.1 (8.17) 
119.7 (7.96) 
124.0 (8.36) 
118.3 (8.19) 
121.2 (8.71) 
116.2 (7.74) 
120.2 (8.62) 
119.0 (8.30) 
120.6 (8.62) 
121.0 (8.28) 
116.6 (8.63) 
117.5 (7.92) 
119.2 (8.27) 
118.6 (8.27) 
106.3 (9.17) 
122.1 (8.13) 
117.1 (8.04) 
115.5 (8.45) 
117.9 (8.15) 
114.4 (7.65) 
113.7 (7.67) 
117.5 (8.18) 
117.9 (8.18) 
112.3 (7.84) 
122.1 (8.43) 
118.9 (7.81) 
124.4 (8.40) 
118.4 (8.50) 
110.1 (6.84) 
118.8 (8.42) 
114.8 (7.96) 
116.4 (7.50) 
117.6 (8.15) 
115.6 (7.65) 
115.7 (8.18) 
119.3 (9.29) 
121.5 (8.80) 
114.9 (7.35) 
116.0 (7.44) 
120.5 (9.18) 
119.7 (8.21) 
117.4 (8.37) 
105.4 (8.29) 
122.6 (8.35) 
117.2 (8.77) 
116.1 (7.68) 
117.1 (7.78) 
115.7 (7.96) 
118.4 (7.71) 
117.5 (8.00) 
118.9 (7.86) 
123.4 (7.96) 

54.9 (4.13) 
55.2 (4.42) 
56.1 (4.32) 
57.7 (4.82) 
56.8 (4.20) 
57.0 (4.23) 
56.9 (4.22) 
56.2 (4.33) 
55.4 (4.46) 
52.7 (4.31) 
53.4 (4.65) 
53.3 (4.68) 
53.1 (4.24) 
56.4 (4.25) 
56.5 (4.26) 
56.4 (4.31) 
62.7 (4.02) 
56.1 (4.39) 
61.9 (4.17) 
57.1 (4.26) 
53.3 (4.69) 
64.7 (3.81) 
56.7 (4.75) 
59.2 (4.12) 
55.1 (4.15) 
63.9 (4.13) 
59.7 (4.1 I )  
56.9 (4.21) 
57.5 (4.21) 
47.6 (4.00.3.76) 
59.5 (4.18) 
58.7 (4.31) 
64.5 (4.16) 
58.7 (4.21) 
57.6 (4.19) 
54.9 (4.42) 
54.7 (4.41) 
56.3 (4.13) 
57.0 (4.60) 
53.4 (4.66) 
55.9 (4.18) 
52.6 (4.17) 
56.3 (4.26) 
59.1 (4.42) 
60.6 (3.39) 
58.1 (3.85) 
57.4 (4.23) 
66.4 (3.70) 
58.0 (3.83) 
59.2 (3.90) 
58.9 (3.96) 
55.6 (4.01) 
66.9 (3.49) 
59.0 (3.93) 
66.3 (3.63) 
67.1 (3.33) 
58.0 (4.08) 
46.4 (3.92.3.98) 
57.9 (4.16) 
59.5 (3.87) 
58.4 (4.06) 
58.7 (4.17) 
65.0 (3.77) 
57.8 (4.22) 
56.8 (4.26) 
56.0 (4.39) 
54.7 (4.51) 

28.2 (2.54) 
42.2 (1.58) 
(1.88.1.78) 
41.2 (2.68) 

30.6 (2.02) 
30.6 (1 32) 
30.6 (1.77) 
27.2 (2.56) 
18.9 (1.36) 
38.7 (2.78) 
38.8 (2.79) 
19.1 (1.36) 
30.6 (1.80,1.51) 
30.6 (2.04,1.94) 
30.6 (1.77) 
33.5 (2.03) 
30.6 (1.77) 
32.8 (2.08) 
30.6 (1.83) 
42.6 (3.03.2.76) 
38.3 (2.16.1.94) 
37.6 (3.08.2.77) 

(2.18) 
18.7 (1.36) 
39.2 (3.25,3.11) 
30.6 (2.05,1.80) 
29.8 (2.06) 
41.9 (1.85,1.38) 

30.1 (2.02) 
29.2 (2.19) 
31.8 (2.67) 
29.9 (2.14) 
31.8 (2.12,2.02) 

42.7 (1 S6) 
30.6 (1.82) 
64.4 (3.71) 
40.8 (2.73.2.61) 
33.5 (1.62.1.75) 
18.2 (1.28) 
27.5 (2.23,1.98) 

(4.51) 
32.4(1.20,1.14) 
41.9 (1.53.1.36) 
41 .O (1.38.0.62) 
37.9 (2.07,1.89) 
42.4 ( 1.94.1.02) 
29.1 (2.38,1.93) 
34.1 (2.18.2.08) 
18.4 (1.33) 
32.2 (2.28) 
28.7 (2.27.2.23) 
31.8 (2.18) 
37.6 (2.01,1.77) 
42.2 (1.85.1.42) 

43.4 (1.88.1.21) 
29.5 (2.36,1.97) 
27.9 (2.25) 
29.8 (2.21) 
58.5 (2.20) 
30.6 (1.89) 
29.8 (2.05) 
30.6 (1.98,1.83) 
41.0 (2.82,2.68) 

(2.04) 

30.6 (2.59) 
26.9 (1.60) 

36.3 (2.25) 
27.1 (1.61) 
27.1 (1.61) 
29.6 (2.60) 

27.2 (1.63,1.26) 
35.9 (2.24,1.84) 
27.4 (1.60) 
21 .O, 18.3 (0.87.0.89) 
27.3 (1.57) 
20.4,22.0 (0.95.0.86) 
27.1 (1.61) 

29.9 (1.69.1.34) 

36.5 (2.56,2.34) 

27.1 (1.61) 
35.2 (2.36) 
27.0 (1.44) 

27.5 (1.69) 
32.2 (2.86) 

33.8 (2.45) 
32.8 (2.66,2.55) 

27.1 (1.56) 
24.9 (1.29) 

24.7 (1.37) 

34.1 (2.44,2.25) 

18.9  (1.43) 
26.8 (1.33) 
21.7 (1.39) 
24.5 (1 .00) 
26.6 (1.99) 
34.2 (2.58,2.23) 
34.3 (2.78) 

23.2,20.9 (1.07,0.95) 
33.6 (2.44) 
24.7,21.7 (1.10.0.54) 
27.5 (1.88) 
26.9 (2.18.1.86) 

27.3 (0.54) 
36.5 (2.69.2.35) 
33.5 (2.45) 
34.5 (2.58,2.36) 
23.0.21.9 (0.95,0.87) 
27.7 (1.70) 
35.9 (2.38) 
27.1 ( 1.69) 

6; 24.0,20.2 (0.87.0.86) 

6 ;  43.3 (3.20) 
6; 43.3 (3.19) 

6; 43.3 (3.20) 

6; 43.4 (3.18) 

6 ;  43.5 (3.18) 

6; 43.3 (3.18) 

Y m ;  16.7 (l.lO), 6; 13.2 (0.86) 

ring; (7.37) 
6; 43.3 (3.19) 

6; 26.8,23.4 (0.64,0.75) 

6 ;  43.3 (3.27) 

6 ;  25.8.23.0 (0.76.0.79) 
6; 29.0 (1.61) 

6 ;  28.9 (1.61), E ;  42.2 (2.97) 

E ;  42.0 (2.71,2.63) 
6; 25.8,22.9 (0.81,0.67) 
6; 25.5,22.9 (0.84.0.82) 
ym; 16.8 (0.95), 6; 14.4 (0.92) 
6; 27.1.22.9 (0.33,0.15) 

ym; 19.0 (1.35), 6; 17.0 (0.61) 
6; 25.8.23.1 (0.79.0.86) 

6; 23.6.22.9 (0.71,0.81) 

6; 43.6 (3.23) 

6; 43.4 (3.24) 






