33k H3W 7/ S ] Vol. 33, No. 3
1984 #£ 3 A ACTA PHYSICA SINICA Mar., 1984

MBI BNERSBXRAR
— HEZENEE0RRAESHte A

o A&
(R BB )
1983 22 B 23 g

®” -
AHE T 7SR RLS W AT oR H BLRY & M 28 A T BR AR A RS L B H— 2R, 4
WY REB AL - AL B A R YRR R Ry B X ARUMEN A EAK. AKX
BEFIRT R LRSS RSLER A T B R R RS R A el

—. 53 ¥

8 H R ARG BE A AR R B s R R e B R R B A
AR, KRB A RSARERIERN—KER., EXRTFRGH,JLaEEGE
# A8\ Coulter DLF Karle) S5JEiR K AR B R R T B A IR R W8 k4R
AU IRX AR, Coulter BEFE AIEYIRMAXHIEE LA Karle R H
FEXFRR, Coulter FHEFRFTSMAHEAXN AR EREFERENLIER, &
o FI > B 7K, 4 8 1 R (A R RO B I B Lt R o 7 Bt » A i R e ke 0 ) R 7 4
AHHE SN E S BB BRVERASHRE, EYEE TR IE f LR,
FHENSBRXAXBRAETRA., AXAB—ERIBXAKXDL A N ORAK,
B BT DU 45 b S AU B AR R R (R B AL D0 S R B — A BV IE LSRR, MR
P45 4 v A % /0 B e T DL B B LT 43 A RO S AR e,

. euREE M AT AT 4T AR AL B AT B R AR 18] AR
1. Je bl WHER B i A B0 PR b D R ER R

FERBEERFRER LI RBERLERN, WREFETASHSHRE RO Y,
A2 SH-MERONRRE, ERAN S SR LEHNRUREBORFEERY. H—
J7 18 3T B AR 2 (R B, Y BRI B0 IR TRV AR RO R BR R i, R LR R R
S HUATIEEALRL , KL R R — AR DX FRAVE.

H—A RO IR T RS R BRARAIN , ST o—MTH BRI KA
METRERUAROL. R R ARARE REER R RO L, FrSRAR RERO AL L LS



400 Y 2 & 33 %
yis
d B -
T S \\\
§ \\B‘U’D\
o &/ v
\QL \
B \XX
i
! ()
{ p® Ak \
+Py AHY - - \
—— ; —— A4 iq’“zzxﬂ. 0 \\
Py ; f Qg \\\B'd/h\ A
2 1B e~ \
r'sﬁ/ ' I L
. |
—L.
@ (b)

HRBUFENE R FE LR THANKREE RN MR R, RERLNBTITRAIRE
WERHESE AH) RESENENE |BUHD| (B 1(2)). WMRBEOBREHRR
FE IR R RO L WIS A EAOAR G X BT /%, Hrf @0 = 22H - 1o, H 4775 80
BIBLR, v HERFHLEREPHORME 1), UEMRBEAT ELEEPRT

@ 2
WX T EHCPE R S A E 1(a) FrRgiE oL,

fir B [ Y R R A e o R A P
BOPTE 1T T AR GO R A .

2. 5 WA AR Rk
 BAE-NRARE K Hh—4
EEARSKROE K, H5EREHY
Fo(H); B—AHEERWERTE
Mk, HERERA Fo(H) =
Fo(H) + Fo(H), XEB Fo(H) %
BEFEREROER, e
FPQ(H) - FP(H) = FQ(H).

MR FT I | Frp(HD| F1 | Fo(HD|,
B CATPA& 3 R Fo(HD), x5t
F Foo(H) 5 Fp(H) #ALLR H —
M AT EEROARAL (B 2). XXARR BT
e*0, Hrht o, HEETF WAL, YER
FHI5 A B LSRR, X ARG



3 MR MRCEALAURRIER BRR R — HRE AN E B AR SA S IR 01

3. BB RREEHN
S F AN B R E FE T AT R %5 B E T80 5 B SO0 H g R BT L
AP ——H R ETRIEE TN LB R T O BB R B SRy sIEt; B
— WY RERT QR HEAEBORE. it
Fpp(H) = Fpo(H) + Fy(H),
FPQ(H)* = F;’Q(ﬁ)* + F,é(ﬁ)* = F;’Q(H) - FIQI(H).
[is8

Fpo(H) — Fpp(HD* = 2F3(H),
b F* 3R FOESEEN. MWSRATLLMH |Foo(H)| F |Fpp(H )|, dIbXE
WiERE Fo(H), 3BT Fpo(H) 8L Foo(H) #AIDUR I — % 7T 8RR AL (& 3).
XXM AT ofvote, WMEET RAE M, o ==/2,

B 3
22 TR , AL AT Bk U BT AR — R R4
@ = fp':tAqo,

ot Eh 5 £ G 0 0 1 TR D S B AR B R ARG B R, " = 22H - 75 T RX RS
RERE N ENE, ¢ = @o3 MTHRERRHESMETIMNRRIE, ¢ = ¢+
w, EFEXSHERT BRI R R R RN ERA e’ M |ael, FHE Ae



402 ] i 2 Ei5d 33 %

MIEASHFEE. mREERER F(H) SRA5 &7 FRNEENRNSE A'(H)
1 B'(H), WHEAKMBEIFERNELIUE—RBEHEM 4'(H) M |BH)], #FE
B'(H) WyIE {5 HIR) .

=, FR2EXZN

YEELE 1965 FRUEMABXRARY ELRITH B TRRIETONRE K 4 Wi
S DRI, (B Roh T ERIA SR IR & RO , A AR A 153
BRARN MU, B EWREN 4(H) 8% B(H) YBZRIFKR. AHER
M= HEEFRETER Sayre FRHR. —MRBE—LERERR EH) KER
IR Sayre HXFRWMTED, -

E(H) = S22 S 5(HOE(H—-H) — (%= 1) E(HD), (D
2p g /

e “Zp
R V4 EERERR; e XRASRBENRERNTHERERAG XN —1TEE 0 = Z 25
z, AREHRETORTFEG 20 AREPRIMER TR T FE E,(H) N E
aMEFETY E(H) WRE. & EWH) Wit o(H) = o'(H) + ap(H), BI%

E(H) = |[E(H)| 2o - ev®, Hrh o'(H) & E(H) WA AR BARTFSE(BE
B 1—3). ()X AUER

| ECH) | ei2e®
- (_Zg_;_’ ; |E(H)| |[E(H — H") | explil —¢'(H) + ¢'(H') + ¢'(H — H')
+pA(p(H') + ap(H— H)1}
_Zx%_qyaunuwuwxﬂrﬂﬂﬂnh 2)

B(OKXIEE, I —o'(H) + o' (H') + ¢'(H— H') itk ¢, RIfR
|E(H)| sin ap(H)

- .(__“Wz;‘” {Z |ECH)| |E(H — H")| sin ®cos [Ap(H') + ap(H — H')]
ZP H’
+ 3 IECH) || ECH — H')| cos@%sin [ Ap(H') + g (H— H)1}
HI

— 33 (8 = 1) |BLCH) sin Ly, (D) — ¢/ CHD], )
q ?
HEE A'(H) = |EH)|cosap(H), B(H)=|EH)|sinap(H) (BEHE 1—3),
RA (3) R ' ‘

B'(H) = (_3."_27’- {3 snola(H)a(H— H') — B(H)B'(H— H))

Zp H’

-+zzuwmuﬁme—Hﬁ}
H . T :



MO MBOERCRRRM NS B X AR — EREENEEA RAKSHPRE 03

= (—1 - 1) |E,(H)| sin [p,(H) — ¢’ (FD], 4)

() AREFTEER S BXRR, LI LR —Fhxd AR A RS S, &
(DX, B B WEASUANEABHE MR, Bk, 8 (4) 0B B R R . A
BERBUR S TR — AR A oL FR S R 254,

K (O 3T b ZRIE o Lot Bk AR 7 5 2 M e 4 0 0 R 0 2 A B R R S
BRL LW ¢ =0, Wi A'(H) 1 B'(H) &% E(H) wkasR 4H) Fusy
B B(H), }#H sin®, fl sinle,(H) — ¢'(H)] H%ETE. TROIBMARRKD
FERARX

B(H) ~ 2202 S 4 (H'YB(H — HD), )
H'

%p
B (DR AT 02 35 7 5 50 B kT AR B SR AL, BE i o' (HD = @o(H).
REFTRE LN o, (H) = go(H). (4)REH
B'(H) — (&9 {Z sin @[ A'(H)A'(H— H') — B'(H)B'(H— H")]

ZPV H'
+23) cos @[ A'(H)B (H— H)1}, (6)
Hl

XA EEEGHE AN RSB BRETNBEA SRS, mRRERPRE—E
HF,MNARERFHLHNATARENA—ITEHMPERFREN. B—FHE,.E
BETHOSHEE R LR, WRRERTHE LD, sin®; fsin [, (H) — ¢o(H)]
BETE, MEXN B'(H)cospo(H) = B(H); A'(H)cospo(H) = A(H), Hilk
(DR REAHG)RLABAANREODERXERR.

¥ (4) KATAERE KSR B B A A8 A g ) 8L R 'R F RE—F/,
WHE o' (H) = @o(H) + =/2, #15

B'(H) = —(ﬂ;_’ {Z sin @ A'(H)A'(H — H') — B'(H)B'(H— H)1

2y H'
+2 D) cos®i{ '(H)B'(H — H')]}
Hl

,

+ 33 (22— 1) |E,(HD) cosLpy(HD — po(HD). )

WMBEFRFHISEERE RO, NE cos® =0 I sin[p,(H)] =0, 3#H B'(H)
. co:s<PQ(H) = "‘A(H); A'(H)cosqu(H) = B(H). XA (7)ﬁ%ﬁﬁﬁjﬁﬁm%*
MHBREAR
ACH) = (ﬂ})}l— {S [ACH) 4(H— H') — BCH')B(H ~ H)1}
H’

®p

-3 (fﬁ — 1) A, CHD). ()

S EFR, EMSBRARN(OBEENRANTEXRR G)F(8) &HH—. X,
BLRTA R —R 5 AR B Z W iR B =R 8RR A Bu AR R U I . i



404 % eil = ik 33 &

4h, TRSBFXARETUARBEEERNTRGEEE T BERORS AL RERT
B RS RIX WA ARRGED. XRFEAENSBERXAXNAEIN.

W, EZREENTEENLAFIARBAELEEL,
Ap(H) HIEHE R

IR LR ERIER T, F— A SR ERRE R o(H) — o(H) — o(H— H"),
IR E AR EANT— L REK E(H), E(H), E(H— H') 4l R
BAHERL o(H) f1 o(H— H'), M o(H) #k&e:5mA4

P(p(H) | p(H"), o(H— H'), |E(H)|, |E(H")|, |E(H— H")|)
= [221,(G) 1 exp[ G cos (p(H) — o(H') — o(H — H"))1, 9
Kt 6 = 20007 | ECHD |\ ECHD |\ E(H — H') |50, = > 27, N R IFHETFH,

2 AE i MNETFRETRF; 1(G) RUGHRENENE - LTRNEFTERM. ()X
FiARSHE ¢, =o(H) —p(H) —o(H— H') =0 FEXFHRKRE. HEEELHN
BEERR,EEE - HUSHATEEERE. A TREXENERAER,.F
BHEBRAERBE0. 88 7 M- LEHRKENER, MELEHRERNDT.
TEKRATE B, RAEO)R b 5 [ FHERAEAE B NABNEGLSREHARARMTLE 0, %
TEMAREREN K ZMKAE, bk, X o(H) B @ 7 0—2» Z[AINELSHE
# Ap(H) REEMBRAERMHERTRE., FHHENABEAXSTUESB AT RE
AL RRAEE. B, LB TIHEEBEREESHEUNENAERNS AiER

LEXEHEME B HRIAN, o(H) RILIER

p(H) = ¢'(H) + s(H) | 2p(H)|, ‘

A ¢o'(H) 7 |ap(H)| REAE; s(H) & Ae(H) WERS. HHAA (9K
G Ap(H) BUEHE,RD s(H) =1 HRERN

P.(ap(H)) = P(s(H) = 1| |ap(H), ¢'(H), o(H'), (H— H"), G)

= {exp[Geos(|Aap(H)| + ¢'(H) — ¢(H)
— o(H — H'))1}/{exp[ Geos (| ap(H) | + ¢'(H) — p(H') — p(H— H'))]
+{exp[Gcos(—|ap(H)| + ¢'(H) — o(H') — o(H— H'))1}.

HikE

P,(Ap (H))

N

== 1A
1 + exp[ —2Gsin |Ap(H)| sin (—'(H) + o(H') + ¢ (H— H'))] (10)

=®
P.(ap(H))



30 TSR B AR RIS R BR RS —— EERR R IE R AR SRS Bth R 405

= -+ —tanh [Gsin | Ap(H)| sin (—¢/(H) + p(H) + p(H— H')1. (D)

WRE— o(H) FRNAEFANIREN o(H') HEREWALE, N
P.(ap(H))

1
- (12)
1+ exp[ 2 }’; Gsin | Ap(H) | sin (—"(H) + o(H") + o(H — H’))]

51
P.(Ap(H))

- é é—tanh[z G sin | Ap(H) | sin (—¢’ (H) + ¢ (H') + o(H — H’))], (13)
" HV

A2)RA(3)KX izt A fsRRma s B TF.
> Gsin |ap(H )| sin(—¢' (H) + o(H') + o(H — H"))
o

= 2007 | E(H ) | sin |ap(H)| D |E(H)||E(H— H")|
T
X sin[@; + Ap(H) + ap(H — H')]
= 2007 B'(H)| > {sin @} E(H) | | E(CH — H")|
Hl
X cos[Ap(H") + Ap(H — H')]
+ cos @ E(H' ) E(H— H')|sin[Ap(H') + ap(H — H')]}
= 2007 | B'(H)| > {sin @[ A'(H)A'(H— H")
T
— B (H')B'(H-—-H")]
+ cos @i A'(H)YB'(H—H') + B(H YA4'(H— H')1}. (14)
FOOKXFA LT ERyEXARNBERTAE, (12)XE03) XABERAERIBRRA
RAARANERAR Wit B'(H) 2EBEENEEAR.
Karle 7E 1966 1% S [H] 38 X R XA AR AR

P.(A(H)) = —;— + —;—tanh {2630;3“|A(H)i
- S LAHDAH — H) — BGH)DBH — )1} (15)
<
B
P.(B(H)) = L+ Lionh [2630;5’21 B(H)| S A(H")B(H — H")J, (16)
4 e HI

BREE(13), MOWRIER LT RTERS B8R AR ES RS L TRRTE R, Al
(15)MAORER(DXEE R FBH ORI B EREF., (I5HXRATBERRR
BAHEmRE O (16) AR AT RN E KB ERENEN. YERFHSHBIERLN



406 2 i F i 33 %

FREFCLS)F (16) REFTFED T (13)RHW o' (H), REXFFATRER FHRMRLE
B EmAERE. (13)RNTH¥E, Hauptman RFWRN THEEAENRARRE
Bk DA R B R R B AR SR, A T —RIERE ROEES AL
X, T ERERBEORES -~ CEWRERENEEES HI RSN AT R
HART, ARIEECAOEEREURENITAgHEE, AT ENRERHEN
At E BB IEES RSB ARD,FRAARNE ST MM BLE EmAE
TR K i,

T, R SR LA Hy — S A R

AXFRFEAEFANE WEREREEREZSHEFD MULTANY, RAN.
TANU %65 &3k, A TRATUEE A RYRESEH. S EBEENAERFIE
T — s

1 E B BIR R B, A MBI SR 5T BB R R E B F S8, H T B
SRR e 5 _

2. FEWCRE O R SR B Ko B 0n AR

3.48 Ag BUNOTTH AU % B ATRLEOATE A

4 B E MR REOH E R R RIE B AAUERG

5. 31 BTAORRE T

S F UL R — SR R B AR,

ATLEEE B FRBERRELT TH BT, LS,

2 F X M

[1] s mEER, 21(1965), 1114,

{21 C. L. Coulter, J. Mol. Biol., 12(1965), 292,

[{3] J. Karle, 4deta Cryst., 21(1966), 273. '

[4] MEEBEHRWHEEMR, 27(1978), 169

[5] MEEERMEFR, 31(1982), 191,

[6] MEE.T&FHBEFM, 30(1981), 594,

[7] WEE.LTF FEEHEEMR, 30(1981), 1582,

[8] M. o, WEEm, 31(1982), 969,

[9] i, wmeiR, 21(1965), 1105,

[10) #bE&EUEE & TH MR, 30(1981), 111,

{111 W. Cochran, 4deta Cryst., 8(1955), 473.

{12] H. Hauptman, dActa Cryst. 4, 38(1982), 289,

{13] H. Hauptman, Acta Cryst. 4, 38(1982), 632.

[14] P. Main, 8. J. Fiske, 8. E. Hull, L. Lessinger, G. Germain, J-P. Declereq and M. M. Woolfson
(1980), ‘‘A System of Computer Programs for the Automatic Solution of Crystal Structures from
X-Ray Diffraction Data’’.

{151 Yao Jia-kin (HkEE), dcta Cryst. 4, 37(1981), 642,



3 WA MBENERNERSBRXAR—EHERENEEARREERRORNA 407

ENANTIOMORPHIC PHASE AMBIGUITIES AND THE MODI-
FIED COMPONENT RELATION——THE APPLICATION
OF DIRECT METHODS TO PROTEIN STRUCTURES

Fan Har-ru

(Institute of Physics, Academia Sinica)

ABSTRACT.

Various kinds of enantiomorphic phase ambiguities and their generalized form in crystal
structure determination are discussed. A modified component relation is given together with
the associated probability formula. Using the modified component relation, it is possible to
treat all kinds of the enantiomorphic phase ambiguities with a unified manner. Problems
concerning the application to protein structures are also discussed.



