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Biological context way has also been identified (Kops et al., 1999). When
phosphorylated, AFX is translocated from the cell nu-
Forkhead transcription factors serve as regulatory keys cleus to the cytoplasm (Takaishi et al., 1999). An
in embryogenesis, in tumorigenesis and maintenanceamino acid sequence comparison of the DNA binding
of differentiated cell states (Kaufmann and Kndchel, domain of AFX (AFX-DBD) and forkhead domains of
1996). The conserved forkhead DNA binding domain known three-dimensional structure (HNF3Genesis
(which belongs to the winged helix superfamily of and FREAC-11 (Clark et al., 1993; Jin et al., 1999;
proteins) encompasses about 100 amino acid residuesvan Dongen et al., 2000)) shows that the loop preced-
Three major alpha helices are packed against eaching the DNA recognition helix in AFX-DBD contains
other resting on a small three-stranded anti-parallel a five amino acid residue insertion, and that the first
beta sheet from which two loops (‘wings’) protrude. wing (i.e. the loop connecting strands 2 and 3 of the
The highest degree of sequence conservation amongbeta sheet) is shortened by two amino acid residues.
forkhead domains is found in the three helical seg- The sequence conservation in helix 3 is very high but
ments. Helix 3 has been identified as being responsible still different forkhead domains show different DNA
for most direct base contacts with DNA, although binding specificity. Thus it has been argued that the
other contacts with DNA have also been observed DNA binding specificity must be attributed to residues
(Clark et al., 1993; Jin et al., 1999). outside the recognition helix (Kaufmann and Knéchel,
AFX (human belongs to a small subfamily of 1996). It is anticipated that a detailed structural inves-
forkhead transcription factors. Studies performed in tigation of free AFX, as well as AFX in complex with
Caenorhabditis elegan®vealed that the orthologous DNA, will reveal further details of the molecular basis
transcription factor DAF-16 is involved in an insulin-  of DNA recognition in forkhead proteins.
like signaling pathway (Ogg et al., 1997). Based
on these results it was suggested that some of the
metabolic defects caused by declines in insulin signal- Methods and results
ing, in both type | and type Il diabetes, may be due to
unregulated activity of AFX or FKHR (another human Isotopically enriched (4N labeled, ut3C/*>N dou-
DAF-16 orthologue) (Ogg et al., 1997). ble labeled and 109%2C/u-15N partially double la-
The transcriptional activity of AFX is regulated beled) samples of AFX-DBD (residues 82-207) were
by phosphorylation and it has been shown that in prepared from transformeé&scherichia colistrain
response to insulin, AFX is phosphorylated through BL21(DE3) (Novagen) cells. The protein construct
a phosphatidylinisitol-3-OH-kinase/protein kinase B contained 24 additional residues at the N-terminus
(PI(3)K/PKB) pathway (Kops et al., 1999). Lack of (GSSHHHHHHSSGLVPRGSHMLEDP) included for
PKB activity does not fully inhibit phosphorylation of ~ purification purposes and not removed. Bacteria were
AFX and a second Ras/Ral insulin dependent path- grown in minimal medium with ®NH,)S0; and
13c-glucose as the sole nitrogen and carbon sources.
*To Wh_om correspondence should be addressed. E-mail: Jo- The protein was purified in a single step usind”Ni
han.Weigelt@eu.pnu.com affinity chromatography.
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Extent of assignments and data deposition

C) were completed for all residues except GI{58
Ser68, His76", (Met77), Asp80, Arg88, (Lys89),
(Glul115), (His157-Ser158) and Pro187-Arg189. The
parentheses indicate residues for which Hnd N
resonance assignments are missing. Residues 58-81
! (marked with an asterisk) belong to this-tagand are

i : L ] 1 50 = N 1 ¥ B . . . . .

A e e not found in the native protein. Sidechain resonance
assignments' and3C) were more than 96% com-
Fi/gure 1. Consensus chemical shift index (CS')%"COL, (:6 and plete for residues 95 through 181, which encompass
C'), calculated using the program CSI (Wishart and Sykes, 1994), of . . .
AFX-DBD. Indices of—1 and 1 indicate helical structure and beta th.e struc;tured core of the domain. For reS|_dues outside
strand structure, respectively. The drawing at the top shows the sec- this region the completeness of sidechain resonance
ondary structure predicted by homology to other forkhead domains. assignments is about 55%, not including residues for
The only difference between the CSI derived secondary structure as which backbone resonance assignments were missing.
compared to the predicted secondary structure is an N-terminal ex- Furth . t . iv h
tension of the DNA recognition helix (H3). This observation could urther resonan(?e assignments were p”mar' y ham-
reflect the existence of five additional residues in the loop preceding pered by extensive resonance overlap of signals at
the helix (see text), and might be of functional importance. random coil chemical shifts.

The H, 13C and !®N chemical shifts of the
DNA binding domain of AFX have been deposited
at the BioMagResBank (http://www.bmrb.wisc.edu/)
database (accession number 4675).
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All NMR measurements were performed in ei-
ther HO or DO at 31°C on Varian UNITY Inova
600 MHz and 800 MHz spectrometers. The protein
concentration was approximately 1.5 mM and sample
buffers contained 20 mM sodium phosphate (pH 6.3), References
100 mM NacCl, 0.02% (w/v) Nail 1 mM EDTA and
1 mM Pefabloc protease inhibitor2@ samples con- gy, kL, Halay, E.D., Lai, E. and Burley, S.K. (199Bpture
tained 10% (v/v) RO. Resonance assignments were 364 412-420.
obtained using standard NMR techniques. The data Delaglio, F., Grzesie_k, S., Wuister, G.W., Zhu, G., Pfeifer, J. and
were processed using NMRPipe/NMRDraw (Delaglio B2 A. (1995)J. Biomol. NMR6, 277-293. .

. . Jin, C., Marsden, I., Chen, X. and Liao, X. (1999Mol. Biol., 289,
etal., 1995) and analyzed using ANSIG (Kraulisetal., ~ gg3_go0.
1994). Kaufmann, E. and Knéchel, W. (1998)ech. Dev.57, 3—20.

Figure 1 shows the consensus chemical shift index Kops, G.J.P.L., de Ruiter, N.I;)., De Vries-Smith, A.M.M., Powell,
(CSI) of AFX-DBD (Wishart and Sykes, 1994). The 7~ B9%: L and Burgering, B.M.T. (1998lpture 298 630-
secondary chemical shifts confirm a typical forkhead gauiis, p.J., Domaille, P.J., Campbell-Burk, S.L., van Aken, T. and
winged helix fold comprising residues 102-176. The  Laue, E.D. (1994Biochemistry33, 3515-3531.

N-terminal and C-terminal parts of the protein show Ogg; S-vbpafad}va S-rd SC’“L'eb: GS'(Eggigfrsogég%Igﬁ SSS‘ L.,

. . . Issenbaum, H.A. an uvkun, G. ure — .
,ran,dom coil C,hemlcal shifts a,nd narrow resonances, Takaishi, H., Konishi, H., Matsuzaki, H., Ono, Y., Shirai, Y., Saito,
indicating a disordered and highly flexible structure. N., Kitamura, T., Ogawa, W., Kasuga, M., Kikkawa, O. and
Noteworthy is that no helical tendency is observed for ~ Nishizuka, Y. (1999)Proc. Natl. Acad. Sci. USA6, 11836—
the residues C-terminal to the third beta strand, anal- 11841. )

to the observations made for free Genesis (Jinvan Dongen, M.J.P., Cederberg, A., Carlsson, P., Enerbéack, S. and

ogous _ : Wikstrom, M. (2000)J. Mol. Biol, 296, 351-359.
et al., 1999). The three-dimensional structure of the wishart, D.S. and Sykes, B.D. (199&)Biomol. NMR4, 171-180.
DNA complex of Genesis, on the other hand, shows
the formation of a short helix in this sequence stretch
(Jinetal., 1999).



