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PREDICTION REPORT

A Prediction of the Secondary Structure of the
Pleckstrin Homology Domain

Thomas F. Jenny and Steven A. Benner

Department of Chemistry, Swiss Federal Institute of Technology, CH-8092 Zurich, Switzerland

ABSTRACT A consensus prediction for
the secondary structure of the pleckstrin ho-
mology (PH) domain is presented. The predic-
tion is based on an analysis of patterns of con-
servation and variation of homologous protein
sequences. The structure is predicted to be
formed largely from beta strands with a single
alpha helix. © 1994 Wiley-Liss, Inc.
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Efforts to predict secondary structure in proteins
have recently .come to include methods that use as
input a multiple alignment of homologous protein
sequences.™? Particularly effective have been tools
that extract conformational information from pat-
terns of conservation and variation within these
alignments.*® Five bona fide predictions made us-
ing these tools can now be evaluated using one or
more subsequently determined experimental struc-
tures.®

Many predictions made with these tools focused
on proteins and domains involved in signal trans-
duction, including the src¢ homology 1 (SH1) do-
main, a protein kinase,” the src homology 2 (SH2)
domain,® a unit that binds peptides containing phos-
photyrosine, and the src homology 3 (SH3) do-
main,®® a unit that presumably binds to proline-
rich peptide sequences. The recently identified
pleckstrin homology (PH) domain may also be in-
volved in similar type interactions in signal trans-
duction.'™!? As an experimental structure may be
imminent, we present here a predicted consensus
model for the secondary structure of this protein
family.

Sequences of pleckstrin homology domains were
extracted from entries in SwissProt 27 and a multi-
ple alignment built by DARWIN.'® The multiple
alignment was then adjusted by hand (Fig. 1) in
light of a multiple alignment of Musacchio et al.**
Additional sequences present in the multiple align-
ment from Musacchio et al. but not listed in
SwissProt 27 were not incorporated. Surface and in-
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terior residues were assigned by an automated pro-
cedure similar to that described elsewhere.'® The
multiple alignment was then parsed using proce-
dures described elsewhere,”'® and elements of sec-
ondary structure were predicted within the parsed
segments from paeterns of conservation and varia-
tion, as described elsewhere.” Many of the auto-
mated routines are available on a server via elec-
tronic mail at the address cbrg@inf.ethz.ch.

The prediction is shown in Figure 1. In addition to
serving as a documentation of a prediction in ad-
vance of the appearance of an experimental struc-
ture, this prediction contributes to the discussion of
methodology in three ways. First, testing of the heu-
ristics that parse the alignment based on strings of
consecutive Pro, Gly, Asp, Asn, and Ser heuristic is
more advanced in this prediction than in any previ-
ous prediction.'® Second, the prediction was made
independently of that of Musacchio et al.'* Never-
theless, it corresponds well to their prediction. As
Musacchio et al.}* use an approach that resembles
the part of the ETH method that focuses on period-
icity in patterns of variation and conservation of
amino acids,® this correspondence is not surprising.
It does, however, illustrate the transferrability of
the method and the reproducibility of its predictions,
topics that have been the source of some discussion
in the recent literature.'”

Finally, one feature of the pleckstrin homology
domain family that separates it from other families
of proteins for which predictions have been recently
been published (for example, the hemorrhagic met-
alloprotease family)'® is its enormous sequence di-
vergence. The PH domain family has an overall di-
vergence greater than 250 PAM units, while the
hemorrhagic metalloprotease family had diverged
by only ca. 756 PAM units. The large sequence diver-

Received April 14, 1994; revision accepted May 24, 1994

Address reprint requests to Dr. Steven A. Benner, Labora-
torium fiir Organische Chemie, E.T.H. Zentrum, CH-8092 Zu-
rich, Switzerland.




T.F. JENNY AND S.A. BENNER

. . . 69 5,00 TP LLL IPAYI IIILL IWYV
Alignment Surface Pleckstrin Homology Domains Predicted 70 0.76 S P T'D NPPL N PHD PS SK F N
Position Interior Seguences Secondary 71 5:47 T MMV LILLL LLLLV LMML
Number  Parse , _  Structure 72 0.95 5 EE P ANNE A KRS DD ID R H

Prediction 1k m hggd j abe pf eo in 73 1.36 8 QEA TNNG N GGV GN DE R § strand
1 0.41 8 YY E G LE ED RN LIGL 74 3.52 1 II C AFFS A SCCLL CVVF strand
2 0.84 s AAN AMML R EAQQ DG QA 75 0.94 8 MQ Q NSSI R TVS KK TG D Q strand
3 1.79 s P ML D GNSA V MFF LD TH NN 6 3.75 T §8 I IVWC I LVLL LI IV strand
4 2.04 5P G&I GEDQG ERY GE SK C Y 77 0.48 s VV A TAAK E TTY RR LT N R  strand
5 0.80 S P KK S SVWRV PGKNI QKNG 78 2.21 8P EETI VEQRH SSVDD DEDD
[ 1.30 S P DDN GSADV KVN QL TG ER 79 6.41 S P EER ECCM S PVW IV DYRD
7 0.17 S p cC & SVIGV RII VW FAFP 80 0.66 S P TT P DQOP E CEH EE PV P S
8 0.27 I IT I AIVT § IIV II VT IK 81 0.51 S P OQQE SLLED @SDQK EKD S
9 0.91 s MM K RKKR X RKK RR RK R I 82 0.56 S P IIG _MMPQ DNS GG NG S G

10 0.94 S HH N EEEK K EQK KK QM E D 83 0.37 S P KKK _KKKQ FSLFF MDDE

11 0.50 I GGG GGGG G GGG GG GK DG strand 84 1.11 s P DEN _TIRA GNF MM DNDR

12 0.35 I YY I WWWY Y YCY HW SD S E  strand 85 0.98 S P RRN _EEGM K@G SS D_LD

13 5.47 T MM I, LLLL M LLLML LLLL strand 86 0.72 5 P __ R _RRTV RRRMS D_KN

14 0.60 5 LS Y FHHS N VLL VI IA S K  strand 87 P 8 e =

15 1.00 s KK I, KKKK F KKK II QR K I 88 0.22 8P __ _ __S_ __ __ G___

16 0.58 S IME WRRR L KQK QN VF LT 89 $ P __ _ K o_ . K__._

17 0.93 5P GED TGGS E GGG NN PK G S 90 6.248¢ __ _ B _ .. __ G.__

18 0.61 5P NNP NEESE SHKLI M SV 91 0.24 8P _ _ _..S_ _K_.__ @ __

19 0.51 8P PPV YYYDK VRGGG S_GE 92 0.2 8P ___ __D_ _8. .. E__K

20 ~ P e o e — G 93 0.61 8P __ .. _PPKK _E_S. V__K

21 $P . . . 5 __ 94 0.758 P __._ _RRQV _E_R_ D__W

22 g.11 192 _ _ _ I L_ . . 95 0.6 S P __ L _PPHP MEPRK H__S

23 0.08 8P FP _ ___ . __ M4 S _ _ 96 0.87 SP KKF CNNHN FNNVH LRNH

24 0.79 S P LL N IIINT FR_KK L. KR 97 0.44 8 CCV NPTY T VLC TI DK 8 M strand

25 0.82 S P TTH KKKP Q NKK GG K_RR 98 5.47 1 IL F FFFF F FFF FF FF F F  strand

26 0.85 S P QQE GTTKG TNR GG K_1IS 99 6.24 8 LL 8§ IVIT S KEQ AA KE EL strand

27 0.55 I WW W YWWW W WWW SS EP WK 100 5.47 I LL I IIIVV III LL II L L strand

28 0.69 5 Q0 Y ORRQ T KKK RK GM ST 101 0.82 s RK § SRRN C TIV FF WW A I  strand

29 6.96 S RR P RPPT R PVN PE EQ ED 102 0.44 S P VIM NCCFT TIV SN VY PE

30 0.51 8 RR H RRRK R MRL YY RR R R strand 103 1.05 8 P KR A GLLS N TAQ P EG R D

31 0.61 I YY Y WYYWW WKY WW QH K Y strand 104 0.84 S P GG S GQON O KDH DE PE M Q

32 4.01 1 FF F FFFF V VFF FF CL V A strand 105 0.54 3 P GGV AWWD R QEF GQ KK Q G

33 5.47 1 YY V VLLA I VII VW FFFF strand 106 0.79 S KK A QPTS G QVS RR DE P A

34 5.47 I LL L LLLL V LLL LL LL L L  strand 107 s$p _ _ _ NN __ _ _

35 0.25 8 FF T SKKL R LRE TT FY F L strand 108 0.11 1P __ - W

36 1.78 S PP S NSNQ R EEG SA SEDD 109 0.11 I P oYY . _ _

37 6.2 8P __ _ _DD._ DS _. __ _ . 110 0.79 S.P __ _ . _ERK S_ _ _

38 0.10 8P __ _ _GG__ _PD _ __ _ _ 111 0.12sp _. . _TT__. _EDD P__ _

39 1.30 s P NN & GSTN P DAA EE KK _ K 112 0.06 S P __H _VVQ _ _HNYY P_ _ _

40 0.27 S RR XK LFFL Y GYQ SN HA G A strand 113 0.68 S P W _IIK_ _YKR FE _Q

41 5.47 1 LL I LIFL T ILL IL LILEL strand 114 0.73 S P Q0 S TEES _ DHI QQ TV PG

42 0.27 8 BEEY SGGF L. EHI 88 IVML strand 115 0.04 S FF L YRRL F HYF LL VY I Y strand

43 5.47 I WW Y YYYY L FYYWW IFV I strand 116 0.72 S VI D HTTE L FFY EE II VE strand

44 0.05 S RR S YKKF F YYF YY CC L C strand 117 5.47 I LL V LFFL M FLF LL LV L L strand

45 0.94 S P GG E REEER KDE KK TK CK 118 0.69 s Q0 A KHHR Q QQA SA VQ T F  strand

46 0.79 S P EEE SRRS D KPS DD RR KR 119 3.30 I CC A AVVTM AAG CC AA A F strand

47 0.85 S P GG T XPPD D KAE ED GR AR 120 2.54 $ P EDD SDED M AAE EE SS KK

48 P __ _ ___ . __ __ ._N_ 121 1.13 8P SS S SSTB P FITTT SNNT

49 P e . T 122 0.78 S P DD Q EPPS G LPPVQ RV AR

50 P e e — . X 123 2.18 s P PPE VDEKD EKEEE QDQE

51 0.26 S P __ _ . _ . NK_ 124 0.87 s EE E EEED E EEQ DE EV H L helix

52 0.26 S?  __ _ __ e LEQ_ 125 0.29 s FL L RRRC M RRA VW KK K K helix

53 0.2 s P __ — 8T _ 126 0.81 8 AV Q QEED Y DTE ED AM H X helix

S4 -P .. . __ .. &P _ 127 0.86 8 @0 D REEE D AED S5 AT D K helix

55 0.26 8 P __ _ _ __ . _®Bs _ 128 5.47 I WW W WWWW W WWW OWW WW W W helix

56 -P e G A 129 1.38 S LKV VMTV L VIM KK TL MM helix

57 0.09 s __ _ - __ 886G _ 130 2.18 5 KK K TRTA Y RKK AA SK A E  helix

58 0.43 8P __N e e __ GDA_ 131 0.31 8 EE K AMAA A DAG SS DE D Q@  helix

59 0.47 SP __ S A._ _ __ .. SRT_ 132 5.47 1 LL I LIII I IIL FF II L F  helix

60 0.48sP __P E__ _ _K__ KYAG 133 1.20 S P TRR EQPAN NQQ LL IR L E helix

61 0.56 3P __ L M SR SGRDE LPYD 134 1.56 S P CDE LMIRP KMARR ONMM helix

62 2.18 S P __G REQSD DAAEE HS DS 135 3.14 I TA V AVVAL AAF AA CI VA  helix

63 1.78 S P EED HADS L NET KK LY Y Y 136 0.02 I FY A KAAS M ISC GG VL I I helix

64 0.85 S P SAL TPVRV SDKEE TS RD 137 2.53 8 NR Q ANDY A KRN VW DL T S helix

65 1.25 P RPL CDPDPI PPPKK KFLL 138 1.13 8 EE T KSGK G CTL YY NK K N  helix

66 0.92 S P QO R RQPS R KLK KK NK K K 139 0.14 s AR A ALLI Q IGR PP IQ S I

87 1.98 S P NS G GTRG G GGG FY GHE A 140 0.93 s Q0 D VKKL M EKK EE RO M Y

68 1.78 s LL V TLEL I MAL MM VC K § strand (weak) 141 2.65 5 ROA KOKAK GSKR CELP

Fig. 1. Consensus secondary structure prediction for the pleckstrin homology (PH) domain surface (S) and

interior (1) predictions are stronger with increasing index value; “P" indicates a parse. SwissProt 27 accession
numbers for sequences of the pleckstrin homology domains: a, P08567; b, P08567; ¢, P20936; d, P28818; e,
P28818; f, P21575; g, P31749; h, P22059; i, P26675; j, P08567; k, P25098; |, P08567; m, P19174; n, P27870;
o0, P08567; p, P08567; g, P08567.

gence makes it impossible to align reliably the PH
domain family by a fully automated process, and
suggests that substantial divergence of secondary
structure has occurred within the family. For exam-
ple, the strand at alignment positions 68—71 would
be strongly assigned if the PP dipeptide did not ap-
pear in sequence q. This could represent divergence
of conformation within the family. Thus, just as the
prediction for the hemorrhagic metalloprotease fam-

ily'® tested the scope of the ETH prediction method
for narrowly divergent protein families, this predic-
tion tests the scope of our method for very divergent
families.

Evaluation of the prediction will also undoubtedly
be complicated by this sequence divergence, as it
was with the SH3 domain.'® Approaches for evalu-
ating consensus secondary structure predictions
have been discussed elsewhere,'®~2! and this discus-

strand ({weak)
strand {weak)
strand {weak}

Y




SECONDARY STRUCTURE OF THE PLECKSTRIN HOMOLOGY 3

sion should be consulted before evaluating this or
any other consensus prediction.

10.
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