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STRUCTURES OF ANTENNA COMPLEXES ÄND REACTION CENTERS FROM 
BACTERIOCHLOROPHYLL B-CONTÄINING BACTERIA : 
RESONANCE RAMAN STUDIES 

* * 
Bruno ROBERT, Robert STEINER , Qing ZHOU, Hugo SCHEER and Marc 
LUTZ 
Departement de Biologie, CEN Saclay 91191 Gif sur Yvette Cedex 
France 
and * : Botanisches Institut der Universität München, D 8000 
München 19, GFR 

Resonance Raman (RR) spectroscopy yields detailed 
Information about the structure and ground-State environmental 
interactions assumed by bacteriochlorophyll a (BChl a) and 
bacteriophaeophytin a (Bpheo a) within bacterial pigment-protein 
complexes ( 1 - 3 ) . Recent successes i n crystallyzing reaction centers 
(RC) from Rhodopseudomonas v i r i d i s renewed interest i n BChl b- and 
Bpheo b-containing complexes ( 4 ) . We here report the f i r s t RR 
spectra of isolated BChl b and Bpheo b, as well as of BChl b-
containing antenna and reaction centers. D i f f i c u l t i e s due to the 
high photooxydability of those pigments have been overcome by 
working at 20 K in anoxic conditions , and by selectively avoiding 
resonance of decay products (363.8 nm excitation). 

RR SPECTRA OF ISOLATED BCHL B AND BPHEO B 

Fig 1 
of RR 

1600 1550 1700 

Waverxjmtwr l e r n ' 1 ) 
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2) 
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spectra^of 
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BChl b 
BChl b 
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; exc. wv : 364 nm) 

Comparison of BChl a and BChl b 
RR spectra shows that the 
presence of the ethylidene 
grouping conjugated to cycle^II 
induces some large (> 6 cm ) 
frequency shifts, principally 
of bands at 697, 952, 1161, 
1218, and 1444 cm _ (BChl a). 
Except the 1161 cm one, 
these mocjij|s are^weakly sensitive 
to the N / N Substitution 
and thus should involve motions 
of the macroeycle periphery (3) . 
BChl b yields two strong bands at 
650 and_J351 cm"" (Bpheo b : 
1347 cm ), which are missing 
in BChl a spectra. These modes do 
not appear to predominantly arise 
from the ethylidene grouping. 

Differences observable between 
RR spectra of BChl b and of Bpheo b 
are very similar to those observed 
for the a derivatives (3). In 
particular, characteristic bands of 
phaeophytins at 2 7 0 , 777, 1106, 
1131 and 1590 cm" are present in 

intens,./. ( e d . ) , Prostess i n Photosynthesis Research, V o l . I. I S B N 9 0 2 4 7 3 4 5 0 9 
(C) /

(
AS7 M a r t i n u s N i j h o f f Publishers, Dordrecht. P r i n t e d i n the Netherlands. 
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Bpheo b RR spectra. ^ 
Free carbonyl stretching modes at 1678 and 1700 cm (fig 

1.3) indicate that the 9-keto carbonyl stretching frequency i s not 
affected by the presence of the additional C=C bond conjugated with 
cycle II, whereas the stretching mode of the 2-acetyl C=0 is 
upshifted by about 15 cm 

Fig 1.2 and 1.3 compare the higher frequency regions of RR 
spectra of BChl b in a polar solvent (central Mg 6-coordinated) and 
self-aggregated in a non polar solvent (central Mg 5-coordinated). 
This clearly shows that the methine bridge stretching mode of BChl 
b i s sensitive to the coordination State of the centraj Mg of the 
molecule, being located, as in BJhl a, around 1614 cm ' when 5-
coordinated, and around 1600 cm when 6-coordinated. 

INTERACTION STATES OF BCHL B IN ANTENNA COMPLEXES 
I 1 1 1 1 1 1 

15S0 1600 16S0 1700 1750 

Wavenumber (cm*1) 

Fig 2 : RR spectra of : 
1 : B 800-1020 complexes 
from Ectothiorhodospira 
halochloris 
2 : Chromatophores from 
Rhodopseudomonas v i r i d i s 

1550 1600 1650 1700 1750 

Wavtrximb«r (cm*1) 
Fig 3 : 
1 : cf f i g . 2 .1 
2 : RR spectra of the 
same complex after 
HCl treatment 

Fig 2.2 displays the higher frequency region of RR spectra 
of whole chromatophores of Rps v i r i d i s : because of the low (0.08) 
RC : antenna ratio, these spectra essentially arise from B 1015 
antenna complexes alone. Fig 2 .1 shows the same frequency ränge for 
purified B 800-1020 antenna complexes from Ectothiorhodospira 
halochloris. In both of these spectra, the frequency of^the methine 
bridge stretching mode, being located around 1613 cm , clearly 
demonstrates that, as BChl a, BChl b i s preferentially 5-
coordinated when bound to protein. 

In the carbonyl stretching frequency region, RR spectra of 
B 1015 complexes from Rps v i r i d i s are quite different from those of 
the supposedly (5) homologous BChl a-containing B 880 complexes 
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from Rhodospirillales (1). Indeed, i f the number of conjugated C=0 
vibrators observable i n the spectra (three) i s c o n s i S t e n t with the 
stoichiometry proposed for these complexes (2 BChl b / complex), 
the frequencies of these vibrators (1639, 1670 and 1687 cm" ) are 
different from those observed in B 880 complexes (1). Indeed, the 
present spectra show that one acetyl carbonyl of one _ j f the two 
BChl b i s intermolecularly bound, vibrating at 1639 cm" , whereas 
that of the other i s free, vibrating at 1670 cm" . Moreover, the 
latter Raman band i s very l i k e l y degenerate, and most probably 
involves one keto carbonyl, then intermolecularly bound. The second 
keto group vibrates at 1687 cm" and i s only weakly interacting. 
One thus has to conclude that ground-State molecular interactions 
assumed by BChl b i n B 1015 complexes di f f e r from those assumed by 
BChl a i n B 880 complexes : in the latter, which form a homogeneous 
class from a structural point of view (1)/ both of the acetyl 
carbonyls of the BChl a~molecules are intermolecularly bound, and 
vibrate around 1643 cm" 

RR spectra of B 800-1020 of halochloris show that at least 
four unequivalent BChl b are present i n these complexes (table 1). 
This result agrees with the stoichiometry deduced from biochemical 
data (5 BChl b / complex)(6). Acid treatment of this complex 
induces a shift of the 1020 nm transition to 960 nm (6). This 
treatment affects the stretching frequencies of no more than two 
acetyl and two keto carbonyl groups (Fig 3 and Table 1). This 
confirms the hypothesis according to which (7) two out of the five 
BChl b molecules participate to the 1020 nm absorption band. 

B 880 B 1015 B 800-1020 viridis RC sphaeroides RC 
(Rsp rubrum) 1630 1628 1628 (Rsp rubrum) 

1639 
* 

1634 1633 
1644 1643 * 1651 * 1654 

1657 1660 
1664 

» 
1664 (?) 

1667 1671 1668 » 1671 
1674 1677 

\ 
1678 

1681 1686 \ 1684 
1709 (?) 

1684 
1705 

Table 1 : compared frequencies of BChl b- and BChl a-containing 
complexes. ( j : intensity variations induced by HCl treatment) 

BCHL B-CONTAINING REACTION CENTERS 

We obtained RR spectra of reaction centers from Rps 
v i r i d i s ( f i g 4). In the lower and medium frequencies regions of 
these spectra, the main bands predominantly arise from Bpheo b and 
BChl b appears to poorly ccntribute. Howeyer, i n the higher 
frequency region, the low 1590 : 1615 cm" intensity ratio 
indicates a streng partieipation of BChl b. Moreover, the carbonyl 
stretching frequency region does not contain a l l of the 4 
frequencies that are observed when resonance i s with the 535-545 nm 
transition , hence selectively enhancing Bpheo contributions (8). 
Such a frequency-dependent balance of BChl / Bpheo contributions i s 
also observed i n RR spectra of RCs from Rhb sphaeroides R 26 



1.4.414 
excited at 364 nm (Robert, B. unpublished results). 

Fig 4 : RR spectra of_^reaction 
centers (1550-1750 cm region) 
from : 1, Rps v i r i d i s 

2, Rhb sphaeroides 
T = 20 K 
Excitation wavelength : 364 nm 

<% 
a : 

1550 K M 1650 1700 1750 

Wavenumb*r {cm"1) 

The frequencies observed in the carbonyl stretching region 
of the spectra only partially match with those observed for Rhb 
sphaeroides ( table 1 ) . Some of these differences may not indicate 
differences i n interaction states of conjugated carbonyls, but may 
arise from the above-mentioned difference i n stretching frequencies 
of free_acetyl C=0 in BChl a and BChl b. For example, the 1670 and 
1660 cm features observed for Rps v i r i d i s and Rhb sphaeroides 
RCs, respectively, may both arise from interaction-free acetyl 
groups. On the other hand, the 1628 cm" frequency, which, in RR 
spectra of Rhb sphaeroides RCs arises from the 535nm-absorbing 
Bpheo ( 8 ) , most probably arises , in RR spectra of Rps v i r i d i s RCs, 
from the primary donor (6 , 9 ) . A more detailed account of RR 
spectroscopy of the primary donor of Rps v i r i d i s i s given i n these 
Proceedings ( 9 ) . 
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B i g g e n s , J . 11.14, 773 , 777. 784 
B i l e k . O . 1.3.315 
B i s a n z - S e y e r . C . I V . 9 . 5 4 7 
B i s h o p . N . I . III.11.795 
B i s s i g . R . A . II . 1.13 
B i s w a l . B . I I . I I .565 
B i t l e r s m a n n . E . 1.1.71 
B j ö r k m a n , O . IV.1.11 
B l a c k . M . T . II .1.173: I I .7 .481; I I I . 6 . 4 6 7 
B l a c k w e l l . M . F . II .8.501 
B l a c k w e l l . R . D . I I I .9 .625 
B l a n k e n s h i p , R . E . 1.4.419; IV .11 .745 
B l e v i n s . D . G . I I I .9 .565 
B l o c k . J . I I I . 1.99 
B l o o m . M . I I I . 10.693 
B l y d c n . E . R . I V . 10.617 
B o c g e m a n , S . C 1.1.119 
B ö g e r , P . 11.12.637 
B o g o r a d . L . I V . 9 . 5 1 9 , 527; I V . 10.663: 

I V . 12.841 
B o l h ä r - N o r d c n k a m p f . H . R . I V . 5 . 2 3 7 
B o n g i , G . I V . 2 . 1 3 1 : IV .5 .241 
B o o t e . K . J . I V . 7 . 4 1 5 
B o r c h c r t , S. 11.10.537 
B o r i s o v . A . Y u . 1.1.41 
B o s c h e l t i . A . I V . 9 . 5 8 5 
B o u s s a c . A . 1.5.613 
B o w e r . J . 11.11.609 
B o w e s . G . I I I . 5 .399 ; I V . 5 . 2 5 3 ; I V . 6 . 3 4 5 
B o w l b y . N R . 1.5.693: II.1.117 
B o w y e r . J . R . I I I . 11.819 
B o y e r . J . S . I V . 3 . 1 4 7 . 153 
B o y e r . M . I I I .6 .435 
B o y e r , P . D . III.1.123 
B o y e r . S . K . IV.8.511 
B o x e r . S . G . I.1.I7 
B r a d b e e r . J . Y V . I I I . 4 .333 ; I I I .6 .483 
B r a d b u r y . M . I V . 1.47 
B r a d y . j ' . I I .5 .375 
B r a i l s f o r d , M . A . I I I . 10.747 
B r a n d , J . J . I V . 12.793 
B r a u n . B . S . 1.2.225 
B r e c h i g n a c . F . I I I . 9 .657 ; IV .6 .341 
B r e d e n k a m p , G . J . I V . 9 . 5 9 7 
B r e i d e n b a c h . E . I V . 9 . 5 8 5 
B r e t o n . J . 1.1.103. 107; 1.2.177. 181. 261; 

1.3.329: 1.4.387 

B r e t t e l . K . 1.2.233 
B r i a n t a i s , J . - M . 1.1.111; 11.13.705 
B r i c k e r . T . M . 1.5.661; II.1.129 
B r i g h t , S . W . J . I I I .9 .629 
B r o c k , H . I.I.61 
B r o u e r s . M . 11.12.645 
B r o w n . A . D . I V . 4 . 1 9 3 
B r o w n , C S . I I I . 10.725 
B r o w n . .1. II.1.181 
B r o w n . R . G . 1.1.99 
B r o w n . S . B . I V . 8 . 5 0 7 
B r u c e . D . I I . 14.773. 777 
B r u d v i g , G . W . 1.5.491. 499 , 601. 605 . 609 
B r u n c J D . C . 1.4.419 
B r u n i s h o l z . R . A . II.1.13 
B r u n k e . K . I I I .6 .499 
B r u s s l a n . J . A . I V . 1 2 . 8 2 1 . 825 
B r y a n t . D . A . I V . 1 0 . 6 5 9 : I V . 1 2 . 7 4 9 . 757. 761. 

765 . 769 
B u c . .1. I I I .6 .447 
B u c h a n a n . B . B . I I I .3 .241 . 249, 253 : H l . f t . 4 4 3 . 

4 8 7 : I I I . 10.729 
B u c h a n a n , S . K . 1.1.193 
B u c h h o l z . J . I II .2 .189 
B u d d e , R . . I . A . I I I .7 .503 
B u d i l . D . E . 1.1.25; 1.2.213: 1.4.363 
B u e t o w . D . E . I V . 9 . 5 3 9 
B u l l e r j a h n . G . S . I I . 1.145: I V . 12.773 
B u r c h e r t . M . I I I .4 .345 
B u r k e y , K . A . 11.5.243 
B u s c o n i . L . I I I .6 .459 
B u t c h e r . K . S . 1.3.454. 349 
B u t l e r . W . M . 1.5.725 
B u u r m e i j e r . W . F . I I .5 .383 
B u z b v . J . S . I V . 12.759. 761 

C a d e n h e a d , D . A . I I .4 .333 
C a l l a h a n . F . E . I I I . I I . 7 9 9 ; IV.1 .31 
C a l l a h a n . P . M . 1.3.325 
C a l l e g a r i , J . P . I V . 7 . 3 9 9 
C a m i l l e r i . P . I I I . I I .819 
G a m m . E . L . 1.5.713 
C a m m a c k . R . I V . 1.63 
C a m m a r a t a . K . 1.5.617 
C a m p b e l l . W . J . I I I . 5 .399 ; I V . 5 . 2 5 3 
C a n a a n i . ( ) . 11.14.769 
C a n n o n . S. I I I .5 .423 
C a n t r e l l . A . I V . 10.659: I V . 12.749 
C a n v i n , D T . I V . 6 . 3 1 3 
C a r l s o n , J . L . III.11.763 
C a r m e l i . C . III.1.123 
C a r p e n t i e r . R . 1.5.633 
C a r r . J . P . I V . 9 . 5 6 5 
C a t t o l i c o . R . A . I V . 10.671 
C e c c a r e l l i . E . A . I I I .6 .439 
C e l i s . H . II.ft.417; I I I .2 .225 

http://Hl.ft.443
http://II.ft.417
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C e u l c m a n s , R . IV.7 .411 
C h a d w i c k . B . W . 1.1.37: 1.3.307; 1.4.431 
C h a i n . R . K . I I .7 .465 
C h a n , R . L . I I I .6 .439 
C h a n d r a s h e k a r . T . K . 1.5.463. 471. 475 
C h a n g . C - H . 1.4.363. 371 
C h a n g . T . - E . I V . 8 . 4 2 3 
C h a n g - M c i . L . 1.5.585 
C h a o y i n g Z h a n g . 1.1.37 
C h a p a d o s . C . 13.321 
C h a p m a n . D . J . 1.5.669 
C h a r b o n n e a u . S. I I . 14.777 
C h a z d o n . R . L . I V . 5 . 2 5 7 
C h a v e s . M . M . IV.3 .181 
C h e n . H . - Q . I V . 9 . 5 3 9 
C h e n . J . - R . 1.5.625 
C h e n g . S . - H . I I I .9 .637 
C h e n i a e . G . M . 1.5.617, 621: IV.1.31 
C h e r n e y . B . I V . 10.653 
C h i l u . E . I I .4 .333 
C h i o u h i a t . A . III.11.827 
C h i s h o l m , D . A . I V . 1 2 . 8 0 5 , 809 
C h i t n i s , P . R . I V . 9 . 5 7 3 
C h o l l e t . R . I I I .7 .503 
C h o u . O - I I I . 10.729 
C h r i s t o p h e r s o n . L . I V . 10.653 
C h u n - h u i . X . I V . 2 . 9 9 
C h r y s t a l , J . II.1.189 
C h y l l a , R . I I .2 .237 
C l a i r m o n t . K . B . I V . 8 . 5 0 3 
C l e l a n d . R . E . I V . 1 . 2 7 
C l e m e n t - M e t r a i . . I . D . I I I .6 .455 
C l e m e t s o n - N u s s b a u m J . I V . 9 . 5 8 5 
C o h n . A . H . I I I .10 .705 . 709 
C o l b o w . K . 1.5.733. 737 
C o l e . J . 1.5.557, 569 
C o l e m a n , . L R . I V . 6 . 3 2 5 ; I V . 12.829. 833 
C o l e m a n . W..1 . 1.5.629 
C o l l i n s , P . D . I V . 9 . 5 5 7 
C o n d o n . A . C . I V . 5 . 2 0 9 
C o n r a d s , J . I I I .6 .479 
C o o k . W . B . IV .10 .675 
C o o m b e r , S . A . I V . 1 1 . 7 3 3 . 737 
C o r n e l l . B . A . 11.8.509 
C o r n u . A . II .5.371 
C o r r a d i n i . D . I I I .5 .427 
C o t t o n . N . P . J . I I I .2 .127 
C o t t o n . T . M . 1.3.325. 333; 1.4.423 
C ' o u g h l a n . S . .L I I . 10.545; 11.15.797. 801 
C o u r t i c e . G . R . M . I V . 1 0 . 6 2 5 
C o x , R . P . 11.14.789 
C r a m e r . W . A . II .1.173; I I .7 .481; I I I .6 .467 
C r a w f o r d . N . A . I I I .3 .241 , 249. 253 
C r i t c h l e y . C . I I . 3 . 273 : I V . 1 . 2 7 
C r o f t s . Ä . R . I I . 6 . 425 , 429 : I I . 7 .493 ; 11.12.661, 
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C r o s s l a n d , L . D . I V . 9 . 5 1 9 
C r y s t a l L B . 1.1.131 
C s a t o r d a y . K . 1.2.289, 293 
C s e k e . C . I I I . 10.729 
C u r t i s . S . E . I V . 12.797 
C u s h m a n . J . C . I V . 10.667 
C z e r n u s z e w i c z . R . S . 1.5.721 

D a i . I I P . I I I .1 .37 , 103 
D a l d a l . F . I I . 6 . 4 0 5 : IV .11 .707 . 713 
D a g u e n e t , A . I I I .9 .657 
D a m m . I. I I .1.137; I I .5 .347 , 351 
D a m o d e r . R . 1.5.597 
D a n i e l l . H . I V . 12.837 
D a r r . S . C . I I . 1.141 
D a v c n p o r t . J . W . I I I . 1.61 
D a v i d Br i t t , - R . 1.2.249; 1.5.557. 561. 565 . 573 
D a v i d s o n . E . IV.11.713 
D a v i c s . E . C . 11.7.485 
D a v i s . D . I I I .6 .435 
D a v i s . D . J . I I .7 .473 
D a v i s . E . A . I V . 8 . 5 0 3 
D e d n c r . N . I I I . 11.787 
D e i s e n h o f c r . J . 1.4.353 
de J o n a . H . 11.12.645 
D e k k e r . J . P . 1.4.435; 1.5.533 
de K o u c h k o v s k y , Y . III .2 .169 
de la T o r r e . W . R . I I .5 .343 
D e l a u n a y . A . - M . I V . 8 . 4 4 9 
de L o r i m i e r . R . I V . 12.749 
D c l r i c u . M . J . 1.5.677 
D c m c t r i o u . D . M . 1.5.681 
D c m c t r i o u , Y . 1.5.479 
D e n g . X . I I . 2 . 257 
d e n O u d e n , A . 1.4.439 
de P a u l a . J . C . 1.5.491, 601. 605 
D e p r e z . J . 1.1.103. 107; 1.2.181: 1.4.387 
de V i t r y . C . II.1.105 
D e V r i e s , S. I I .6 .437 
de W a n n e m a e k e r . B . I V . 7 . 3 9 9 
D e W i t , M . I I .4 .297 
D e x h e i m e r . S . L . 1.2.249; 1.5.557, 561. 565 
D i e d r i c h - G l a u b i t z . R . 1.5.519 
D i e r s t e i n , R . IV.11.691 
D i e t z . K . - J . I I I . 4 . 2 9 3 , 329 
D i l l e y , R . A . I II .2 .161, 165 
D i M a r c o , G . I I I .5 .427 
D i n e r , B . A . I I . 1.105 
D i s m u k e s . G . C . 1.2.193; 1.5.487. 597 . 721 
D m o c h . R . III.11.787 
D o b e k . A . 1.1.103. 107 
D o m a n . N . G . III .5.431 
D o m i n y , P . J . I I .1 .201: I V . 1 . 3 5 
D o r n e . A . M . I V . 9 . 5 4 7 
D ö r n e m a n n , D . IV .8 .491 
D o s t a t n i , R . II .6.421 
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D r e w s . G . 1.4.383: I V . 11.691 
D r o p p a . M . 11.11.569 
D r o u x . M . I I I .3 .241 . 249 
D u . Z . Y . III .2.217 
D u h b s . J . M . I V . 12.715 
D u j a r d i n . E . I V . 9 . 6 1 3 
D u n a h a y . E . G . 11.13.701 
D ü n n . P . P . J . IV.10 .617 
D u r e l l . S. I I .9 .533 
D u t t o n , P . L . 1.2.217. 221, 225: I I . 6 .405 . 409 . 

413. 437 
D u y s c n . M . E . IV .9 .601 
D u y s e n s . L . N . M . 1.1.13, 185; 1.2.189, 229 
D y e r . T . A . III .11.779: IV .10 .617 . 625 
D z e l z k a l n s . V . A . I V . 12.841 

E a d s , D . D . 1.1.83, 135 
E a s t e r b y . J . S . I I I .6 .463 
E a t o n - R v e , J . J . I I .6 .433 
E c c l e s . C . J . I V . 10.617 
E c k e r t , H . J . 1.5.545 
E d e l m a n , M . 111.11.799 
E d w a r d s . G . E . I I I . 3 .257 ; I V . 6 . 3 5 7 
E h a r a , T . I V . 9 . 6 0 9 
E i c h e l m a n n . LI . I V . 5 . 2 4 5 
E l e u t e r i o . M . I V . 11.699 
E l H a m o u r i . B . I V . 7 . 4 0 7 
E n a m i , I. 1.5.709 
E n g e l b r e c h t . S. III.2.141 
E r d o s . G . I V . 9 . 5 3 9 
E r o k h i n . Y u . E . II.1.17 
E r n f o r s . P . 1.5.689 
E t i e n n e , A . - L . 1.5.613; II.1.133 
E d m a n , K . II .1.229 
E s p i e , G . S . I V . 6 . 3 1 3 
E v a n s , M . C . W . 1.1.99; 1.2.241. 245 . 269 
E v e n . D . I V . 1.79 

F a g e n b e r g . W . R . I V . 6 . 3 5 3 
F a h r c n d o r l , T . I I I . 10.735 
F a j e r . J . 1.3.307. 311 
F a l k o w s k i . P . G . I I . 5 .367 ; II .13.737 
F a r a g e . P . K . I V . 2 . 1 3 1 . 139 
F a r k a s . T . 11.11.569 
F a r g u h a r , G . D . I V . 5 . 2 0 9 
F a r r e l l y . D . IV.11 .729 
F e d e n k o , E . P . III .5.431 
F e e n e y . J . I I I .5 .395 
F e h e r . G . 1.4.375. 379; 111.11.775 
F c i c k , R . 1.4.407 
F e r r i s , K . 1.2.193 
F e t i s o v a . Z . G . 1.4.415 
F e y e n . J . IV.7 .411 
F i e b i g , C . 111.11.787 
F i g e y s , H . I I I . 11.827 
F i n k c . W . I I I .1 .99 

F i s c h e r , E . I V . 5 . 2 8 1 
F l a n a g a n . L . B . I V . 4 . 1 9 7 
F l e c k . I. 111.10.759 
F l e m i n g . G . R . 1.1.83, 135 
F lo rens r a , I. I I I . 10.759 
F l o r i n , S. 1.2.205 
F l ü g g e . U . - I . I I I .10.739 
F o g e L M . F . I I I .9 .597 
F o n d a . H . N . 1.4.449 
F o n g , F . K . 1.3.345, 349 
F o r d , M . A . IV .7 .361 
F o r s e t h . I . N . 1V.4.205 
F ö r s t e r , V . 1.5.511 
F o r t i . G . 11.13.721 
F o s t e r . J . IV .11 .745 
F o y e r . C . I I I . 4 .309 
F r a c k o w i a k , D . 1.1.127 
F r a g a t a . M . 1.3.337 
F r a n c e . L . 1.1.107 
F r a n c e s c h i . V . R . I I I .9 .637 
F r a n k , H . A . 1.1.37: 1.3.307; 1.4.431 
F r a n k e l . L . K . II.1.129 
F r a n s i . A . I I I .10.759 
F r a n z c n . L . - G . I I . 1.125 
F r a s c h , W . D . 1.5.693: II .1.I17; I I I .1 .71. 75 . 119 
F r e a s . S. I I I .5 .387 
F r e i b e r g . A . 1.1.41. 45 
F r i e d r i c h , A . I I . 1.29 
F r o m m e . R . III.11.783 
F r u c t e L J . A . 1.1.119 
F u 4 i o n g . Z . I V . 2 . 9 9 
F u j i m u r a . Y . 1.5.701 
F u j i t a E . 1.3.307 
F u j i t a . Y . 1.1.91; II .1.157: 11.13.737 
F ü l l e r . R . C . I V . 11.745 
F u n g , M . I V . 8 . 4 7 5 
F u r b a n k . R . I I I .4 .309 
F u - s h e n g . X . I I I .9 .66I 

G a d a l , P . I I I .3 .249 
G a d o n , N . 1.4.283 
G a n a g o , L B . 1.5.581 
G a r a b . G . I I .2 .237 ; 11.10.541 
G a r g , J . I V . 7 . 4 0 3 
G a s p a r i c h , G . E . IV.12.761 
G a s t , P . 1.2.237 
G e a c i n t o v , N . E . 1.1.103 
G e i g e r , D . R . III .4.341 
G e n t y , B . I V . 3 . 1 6 9 
G e r b l i n g . K . - P . I I I .6 .475 
G e r h a r d t . V . I I .8 .505 
G e r o l a , P . D . 1.3.341 
G h a n o t a k i s . D . F . 1.5.463, 681. 689 
G h a u s . H . I V . 9 . 6 0 5 
G h i r a r d i , M . L . II .2.261 
G h i s i , R . I I I .3 .265 



G h o s h . R . II.1.21 
G i a c o m c i t i . G . M . I I .3 .277 
G i a n g i a c o m o , K . M . I I .6 .409 
G i a r d i . M . T . I I I .5 .427 
G i b b s . M . I I I .4 .337 
G i l l o r d . R . M . I V . 7 . 3 7 7 
G i l l b r o . T . 1.1.9. 123 
G i l l o t t . M . I V . 9 . 5 3 9 
G i n g r i c h . J . I V . 1 2 . 7 5 7 
G i o r g i . L . B . 1.1.95. 131: 1.2.257 
G i r a r d - B a s c o u . J . I V . 10.655 
G i r o u d . C . I I . 1.213 
G i r v i n . M . E . I I .7 .4SI 
G j e r i s e n . K . I V . 1 . 8 7 
G l a d u c . R . M . 11.11.593 
G l e a s o n , F . K . III .11.763 
G l e i t e r , I L 1.5.649 
G l i c k . R . E . I I .2 .253 
G n a n a m . A . I I I .7 .515: I V . 9 . 5 8 9 . 593 
G o d i k . V . l . 1.1.41. 45 
G o g e l . G . II .1.29 
G o l b c c k . . L H . 1.2.253 
G o l d e n . S . S . I V . 1 2 . 8 2 1 . 825 
G o m e z - L o j c r o . C . I I I . 1.87 
G o n t e r o . B . I I I .6 .447 
G o n z a l e z . D . H . III .7.531 
G o o d c h i l d . D J . II.4.301 
G o r e . B . L . 1.1.95. 131: 1.2.257 
G o t e h . A . J . 1.3.349 
G o t o w . K . I V . 5 . 2 7 3 
G o t t f r i e d . D . S . 1.1.17 
G o u n a r i s . K . 11.1.89. 9 3 . 97 : I I .8 .501; 11.15.809 
G o v i n d j e e . 1.5.629; I I .6 .433 
C i o y a l . A . I V . 4 . 1 9 3 
G r a a n . T . II.2.241 
G r ä b e r . P . 1.5.519: I I I .1 .25 . 91; 111.2.173. 177 
G r a f . J . A . 11.13.713 
G r a n d o n i . P . I I I .2 .205 
G r a y , J . C . I V . 10.617. 625 
G r a y . K . I I I .6 .435 

G r e e n , B . R . 1.5.713; II .1.193. 197: 11.11.573: 
I V . 9 .577 

G r e e n b ä u m . N . L . II . 1.65 
G r e e n e , B . 11.13.697 
G r e e r , K . L . I V . 10.637 
G r i l T i t h . Ü . M . 
G r i l T i l h s . W . T . I V . 8 . 4 6 9 . 483 
G r i m m e . L . H . I I . 5 . 347 . 351 
G r o d z i n s k i , B . I I I . 9 .645 , 653 
G r o m e t - E l h a n a n , Z . I I I . 1.63 
G r o s s . E . 11.9.525. 529 . 533 
G r o s s m a n n . A . R . I V . 12.817 
G r u n a s . P . M . G . 11.13.721 
G r u b e r . S . M . 1.1.119 
G u e n t h e r . J . E . I V . 4 . 1 8 9 
G u g l i e l m i . G . I V . 12.749 

G u i k e m a . J . A . I V . 1 2 . 7 8 9 
G u i l e s . R . D . 1.2.249; 1.5.557, 561, 565 
G u i - Y i n g . B . I V . 3 . 1 5 7 
G u n n e r . M . R . 1.2.217. 225 ; I I . 6 .409 . 41 
G u o . B . J . I II .2.217 
G u r a l n i c k , L . J . I I I .7 .523 
G u s t a f s o n . S . W . I I I .4 .273 
G u t o w s k y . H S . 1.5.629 
G u t t e r i d g e . S. I I I .5 .395 
G u y . R . D . I I I .9 .597 

H a b a s h . D . Z . I V . 1.75 
H a d d y . A . E . III.J.119 
H a e h n e l , W . I I .8 .513: II .9.521 
H a g a r . W . G . I V . 8 . 5 0 3 
H a g e m a n . J . I V . 9 . 5 6 9 
H a g e m a n n , R . I I I . 11.783 
H a g u e . A . I V . 1 . 5 9 
H a g u c . D . R . I V . 9 . 5 5 7 
M a l a . J . 1.3.315 
H a l k i e r , B . A . II .1.49 
H a l l . D . O . 11.12.641. 645 ; I V . 1 . 3 9 , 63 
H a l l , M . R I V . 7 . 3 6 9 
H a l l . N . P . I I I .9 .611, 629 
H a l l i c k . R . B . I V . 1 0 . 6 6 7 
H a m i l t o n . R . H . I V . 12.757 
H a n g a r i e r . R . I I I .2 .205 
H a n s o n . K . R . I I I .9 .549 
H a n s o n . L . K . 1.3.311 
H a n s s o n . Ö . 1.5.503. 577 
H a n s s u m . B . 1.5.515, 541 
H a r a u x , F . I I I .2 .169 
H a r e l . E . I V . 9 . 5 7 3 
H a r r i s . G . C . III .6.491 
H a r r i s o n , M . A . 11.14.757 
H a r r s e h . P . B . III .6.471 
H a r t m a n . F . C . III .6.451 
H a r v c y , M . A . II .1.33 
H a s e . E . I V . 9 . 6 0 9 
H a s e l k o r n . R . I V . 12.821. 825 
H a s k a . G . 11.1.165; 11.7.477 
H a l z i o s . K . K . 11.11.577 
H ä u s l e r , R . E . III 7 527 
H a v a u x . M . 11.13.749 
H a v i r , E . A . III .9.581 
H a y a s h i , I I . 1.1.33 
H a y d c n . D . B . I V . 1 . 4 7 . 51 
H e a l d . R . L . 1.3.333 
H e a r s t . J . E . IV.11.717 
H e a t h . R . L . 1.5.717; 11.3.285: I I I .7 .523 
H e a t h c o t e , P . 1.2.201; I I .7 .453 
H e b e r . U . I I I . 4 . 293 ; I V . 2 . 1 0 7 
H e e m s k e r k . J . W . M . I I .1 .205, 209 
H e i c h e l . G . L L I V . 7 . 3 6 9 
H e i m a n n , K . I I I .4 .345 
H c i n z e . J . 1.3.329 
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H c i n z e , T . I II .2 .189 
H e i d t . H . W . I I I J 0 . 6 7 5 
H e n d r i c h . W . I . I . I27 
H c n d r y . G . I V . 8 . 4 9 9 
H c n r y s s o n , T . I I . 1.125 
H c r a s , L . IV .4 .201 
H e r r i n , D . L . I V . 10.637. 645 
H e u e r , B . I I I .4 .367 
H c u p e l , R . 11.10.537 
H i e r h o l z e r , P . D . 11.4,317, 321 
H i l a r v . E . 1.1.99 
H i l l e r . R . I I I . 1.123 
H i l l e r . R . G . 11.8.509 
H i n c h a . D . K . I V . 2 . 1 0 7 
H i n c h i g e r i . S . B . I V . 8 . 5 7 5 
H i n d , G . 11.10.541, 545 ; 11.14.797. 801 
H i n s h a w . J . E . 11.4.313 
H i n z . U . I I .3 .277 
H i r a s a w a . M . I I I .6 .435 
H i r d . S . M . IV .10 .617 . 625 
H i s a b o r i , T . III.1.13 
H i r s c h b e r g . J . III .11.791, 807 . 811 
H i y a m a . f . 1.3.303; 1.4.45; II . 1.57 
H o b b s , S . L . A . I V . 7 . 3 8 5 
H o d g e s . M . 1.1.111. 115; 11.13.705 
H o e r i n g . T . C . I I I .9 .597 
H o f f . A . J . 1.2.197; 1 .4 .399,403 
H o g a n s o n , C . W . 1.5.463, 479 
H ö g l u n c l , A . - S . I V . 10.617 
H 0 j . P . B . II .1.49 
H o j e r - H a n s e n . G . I I .3 .277 
H o l b r o o k . G . P . I I I .5 .399 
H o l m e s . N . G . 1.1.49; 11.14.757 
H o l r o v d , J . A . I V . 8 . 5 0 7 
H o l t . R . E . 1.4.423 
H o l t e n . D . 1.2.169 

H o l t u m . J . A . M . I I I . 4 . 345 ; I I I . 7 .527 ; 111.10.735 
H o l z w a r t h , A . R . 1.1.53. 61, 67 . 71 
H o m a n n . P . M . 1.5.649. 657 
H o n g . Y . I I I .2 .149 
H o n g . Y . Q . III .2.217 
H o p e . A . B . III .2 .149 
H ö p l n e r , M . I I .5 .363 
H o r t o n . P . I I . 7 .489 ; 11.13.681; I V . 1.59 
H o r v a t h . G . 11.11.569 
H o r v ä t h . L . I . 11.11.569 
H o s h i n a . S. 11.11.581 
H o u g h t o n . J . D . I V . 8 . 5 0 7 
H o u r s i a n g o u - N c u b r u n . D . II . 1.221 
H o w e l l . D . A . I I . 1.161 
H o w i t z , K T . I I I .9 .593 
H o w l c y . K . I I .5 .375 
H u a n g * D . - D . I V . 8 . 4 2 3 
H u a u l t . C . I V . 8 . 4 4 9 
H u b e r , S . C . I I I . 10.717. 725 
H u b i c k . K . T . I V . 5 . 2 0 9 

H i m e r , N . P . A . I V . 2 . 1 1 9 , 123, 127 
H u n t , M . D . I V . 1 0 . 6 7 5 
H u n t e r . C . N . 1.1.13; III .11.779; IV .11 .733 . 737 
H u n z i k e r , D . 1.5.487. 597 
H u s i c , D . W . I I I .9 .557 
H u s i c . H . D . I V . 6 . 3 1 7 
H u p p e , H . C . I I I .6 .443 

Iba , K . I I . 7 .497 
Ide . J . P . 1.1.131; 1.2.257 
Iga ra sh i . S. 1.5.709 
I k e g a m i . I. 1.2.265: 1.3.303 
I k e u c h i . M . 11.15.805 
I m p e n s , I. IV.7.411 
I n o u e . K . II .1.45 

I n o u e . Y . 1.2.285: 1.5.645, 649 . 653 : 11.15.805 
I r c l a n d . C R . 11.11.557 
I saacson . R . A . 1.4.379 
I s h i k a w a . H . I V . 9 . 5 4 3 
I s l a m . K . 11.13.715 
I s m a i l o v . M . A . 1.2.161 
I soga i . Y . 1.5.483 
I t o h . S. 1.2.265: 1.5.483; I I .7 .497 
I v a n o v , A . G . 11.13.741 
I v c y . S. I I .4 .317 . 321 
I w a t a . K . 1.1.33 

J a c k s o n . J . B . I I I .2 .127 
J a c k s o n . W . J . IV.11 .721 , 725 
J a c o b , J . S . II.1.217 
J a c o b s , F . H . H . I I .1 .205 , 209 
J a c o b s . J . M . I V . 8 . 4 3 7 
J a c o b s . N . J . I V . 8 . 4 3 7 
J a c q u o t . J . - P . I I I .3 .241 . 249 
J ä g e r . U . I V . 5 . 2 3 7 
J a h n k e , L . S . 11.11.577. 589; I V . 6 . 3 5 3 
J a n s s o n . C . 1.5.697 
J a w o r s k a y a , V . K . III .5.431 
J c n n i n g s , R . C 11.13.715 
J e n s e n , K . M . I V . 1 0 . 6 3 7 
J e n s e n , R . G . ISI .4 .273 . 281 
J i a n - p i n g , C . 11.12.657 
J i a n - p i n g . X . 11.12.657 
J o h a n s s o n , G . II 1.6.495 
J o h n s t o n . A . M . I V . 6 . 3 3 3 
J o n e s . J . W . I V . 7 . 4 1 5 
J o n e s . R . W . I I .7 .441 . 445 
J u n e s c h . U . III 2 173. 177 
J u n g J i n O h . 1.1.37 
J u n g e , W . 1.5.511; I I I .2 .133 . 141 

K a d c r b h a i . N . I I I . 10.747 
K a e t h n e r . T . M . I V . 10.617 
K a f a l i e v a , D . 11.13.741 
K a g a n - Z u r , V . I I I .4 .289 
K a ^ s e v a . E . 11.14.793 
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K a j i u r a . H . 1.5.701 
K a l l a s . T . I V . 12.801 
K a l l - T o n e s . W . I I I . 10.717 
K a p i t ä n , S . W . III .4.341 
K a p l a n . A . I V . 6 . 2 8 9 , 297 , 301 
K a p s a , V . 1.3.315 
K a r e h e n k o . S . G . 1.4.415 
K a r u k s t i s . K . K . 1.1.119 
K a r u n e n . P . IV .2 .115 
K a s e m i r . I i . I V . 9 . 5 6 1 
K a s i n o . Y . 1.5.625 
K a s s u m o v . K . K . III .5.431 
K a t o h . A . I I . 1.45 
K a t o h . S. 1.5.625. 709; II .1.77 
K a w a m u r a , H . I V . 9 . 5 4 3 
K e c l e . D . I I I . 9 . 6 3 3 . 637 
K e e g s t r a , K . I V . 9 . 5 6 9 
K e l l e y . S . R . III.11.831 
K e n d a l i , A . C . I I I .9 .611. 629 
K e s s i s s o g l o u . D . P . 1.5.725 
K e y . J . L . I V . 2 . 1 4 3 
K e y s . A . J . I I I . 5 . 395 ; I I I .9 .611. 629 
K h a v a r i - N e j a d . R . A . I V . 7 . 4 1 9 
K i e l e c z a w a . J . 11.11.585 
K i i r a t s . A . I V . 5 . 2 4 5 
K i r m a i e r , C . 1.2.169 
K i r s c h b a u m , M . U . F . I V . 5 . 2 5 7 . 261 
K i t a o k a . S. I I I .9 .577 
K i t a y a m a . M . I I I .6 .499 
K l a v e r , J . C . I V . 1.43 
K l e c z k o w s k i , L . A . I I I .9 .565 
K l e i n , M . P . 1.2.249; 1.5.557, 561. 565 , 573 
K l e i n . R . R . IV.9 .511 
K l e i n . U . III.10.713 
K l e s s i g . D . F . I V . 9 . 5 6 5 
K l i m o v . V . V . 1.5.581 
K l o p p s t e c h , K . I V . 1.79 
K l u g . D.R. 1.1.95, 131; 1.2.257 
K l u g . G . IV.11.691 
K n a l T . D . I I I . 6 . 4 3 5 : I V . 11.745 
K n o b l o c h , K . I I I .2 .229 
K n o e t z e l . J . II .1.137: II.5.351 
K n o p p i k , D . I V . 5 . 2 2 9 , 233 
K n o w l e s , V . L . I II .10.693 
K n o x . R . S . 1.4.445 
K o b a y a s h i , I L III.5.411 
K o b a y a s h i , M . 1.3.303 
K o e n i g . F . I V . 1.95 
K o i k e ^ I L 1.5.645 
K o j i m a , Y . I I . 1.57 

K o l a c z k o w s k i , S . V . 1.1.25; 1.2.213; 1.4.363 
K o l b o w s k i . J . 11.13.745 
K o m a t s u - T a k a k i . M . III .1.45 
K o p e l i o v i t c h . B . S . I II .2 .153 
K o p p e n a a l , F . I I . 1.177 
K o s o w e r , N . S . I I I .3 .253 

K o t z a b a s i s , K . IV .8 .491 
K o v a c s , G . 1.2.221. 
K o z i c r a d z k i , I. I V . 10.687 
K o z u b c k . A . II.11.585 
K r a a y e n h o f . R . II.1.177 
K r a b , K . II.1.177 
K r a m e r , D . 11.12.665 
K r a u s e , G H . I V . 1.19 
K r a u s e , H . 1.1.87; I I .8 .505 
K r e i m e r , G . I I I .4 .345 
K r e u t z , W . 1.2.177; 1.3.329; 1.4.383 
K r i s h n a n . M . I V . 9 . 5 8 9 , 593 
K r i s h n a n , V . A . I I I .7 .515 
K r i s h n a s a m y . S. I V . 9 . 5 9 3 
K r o g m a n n , D . W . I V . 1 2 . 7 9 7 
K r o L M . I V . 2 . 1 2 3 , 127 
K r s t i c , B . I V . 7 . 3 9 5 
K r u p a , Z . IV .2 .119 
K u . M . S . B . I I I . 9 .637 ; I V . 6 . 3 5 7 
K u a n g . T . Y . I I . 13.729 
K u b c x A . I I . 1.45 
K u b o , S. I V . 9 . 5 4 3 
K u h l b r a n d t . W . 1.1.131; 1.4.443 
K u l i g , E . I I . 11.585 
K u l i , U . 11.13.713 
K u m a r . A . I I I . 4 . 3 6 3 ; I V . 7 . 4 0 3 
K u m p L B . I M . 1 5 3 
K u r u c s e v . T . 1.3.337 
K u s u n o k i . M . 1.5.729 
K u w a b a r a , T . 1.5.705; I V . 10.629 
K y l c , D . J . 11.11.593 

L a a s e n . H . I V . 1.19 
L a c o l T . N . M . 1.2.289 
L a c z k o . I. I I . 14.793 
L a i s k . A . I V . 5 . 2 4 5 
L a m p t o n . J . D . U M . 5 7 
L a n n o y e . R . I I I . 11.827 
L a r k u m . A . W . D . II.1.189 
L a r r i n u a . I . M . I V . 10.649 
L a r s s o n . U . K . I I . 2 .253 : 11.13.669, 677 
L a t z k o . E . I I I . 4 .345 ; I I I . 6 .475 ; I I I . 7 .527 : 

III .10.735 
L a u d e n b a c h . D . E . IV .12 .797 
L a v o r e l . J . 1.5.613, 673 
L a w l o r . D . W . I I .5 .359 ; I I I .9 .665 
L a w y e r . A . L . III.11.831 
L e a . P . J . I I I . 9 .625 . 629 
L e b l a n c . R . M . 1.1.127: 11.12.625. 629 
L e e . P . I V . 1.59 
L e e . S. I V . 9 . 5 3 9 
L e e . S . A . III.11.819 
L e e . W . - J . I I .2 .233 
L e m a i r e . C . I V . 10.655 
L e u . S. I V . 9 . 5 8 5 
L e h n h e r r . B . I V . 5 . 2 8 3 
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L c m i c u x . S. 1.5.633 
L c m o i n c . Y . II . 1.105: II.5.371 
L c r m a . C . III .1.87 
L c v i n e . L . 1.2.169 
L i . D . Y . III .1.37 
L i . X . 1.5.725 
L i . Y . - s . I I I .4 .337 
L i . Y . Z . III .2.217 
L i e b e t a n z . R . I V . 11.691 
L i l l . II. I I I .2 .133, 141 
L i l l e y . R . M e C . I V . 4 . 1 9 3 
L i n . S. 1.4.445 
L i n . S . O . 11.13.729 
L i n . T . P . I I I . 10.693 
L i p s , S . H . I I I .4 .289 
L j u n b e r g . U . II.1.121. 125 
L o a e h , P . A . 1.3.325; II .1.25 
L o B r u t t o . R . L . 1.2.217 
L o c k a u . VV. II . 1.37 
L o c k h a r t . D . J . 1.1.17 
L o n g . S . D . 11.11.557: I V . 2 . 1 3 1 , 139 
L o r i m e r . G M . I I I .5 .387 
L o t t s p e i e h . F . 1.4.407 
L o u s . E . J . 1.2.197: 1.4.399 
L o w . P . S . IV .2 .127 
L u c a s . W . J . IV .6 .341 
L u d g a r . M . II .6.417 
L u d l o w . M . M . IV.3.161 
L u k e n s , J . M . I V . 9 . 5 1 9 
L u k o w . L . III 4 .345 
L u n d e g a r d h , B . III.11.823 
L u t z . M . 1.4.395. 441 

M a c D o n a l d . F . D . III .10.729 
M a c F a r l a n e , J . F . I V . 6 . 3 3 3 
M a c h e , R . I V . 9 . 5 4 7 
M a c h o l d , O . I I . 1.113 
M a c i o s z e k . J . A . III.3.261 
M a c k i e . N . D . I I .3 .273 
M a c n a b . F . I I .5 .359 
M a d o r e . M . I I I .9 .645 
M a e c h l e r , F . I V . 5 . 2 8 3 
M a h o n . J . D . I V . 7 . 3 8 5 
M a i s o n - P e l e r i , B . 1.5.613, 673 
M a i s s o n . E . IV .2 .119 . 123, 127 
M a l e k , L . I V . 10.687 
M a i k i n . R . I I .7 .465 ; I V . 12.801 
M a l k i n . S. 11.13.749 
M a l y a n . A . N . I I I . 1.21 
M a n n a r M a n n a n . R . I V . 9 . 5 8 9 . 593 
M a n o d o r i . A . I I .2 .249 
M a n s f i e l d . R . W . 1.2.241. 245 
M ä n t e l e , W . 1.2.177. 261; 1.3.329; 1.4.383 
M a r a , II. I I . 1.29 
M a r c u s . F . III.6.471 
M a r c u s . Y . IV .6 .301 

M a r d e r . J . B . I L 1.89 
M a r e n g o . T . I V . 4 . 1 9 3 
M a r ö t f . P . II.6.401 
M a r q u e z . L A . III.3.261 
M a r r s , B . L . IV.11 .699 
M a s a m o t o . K . II.1.149 
M a s o j i d e k , J . I V . 1 . 5 5 
M a s s a c c i . A . III 5 427 
M a s s e n e t . O . I V . 9 . 5 4 7 
M a s s o n . K . II.6.421 
M a t t h i j s . I I . C D . 11.10.545 
M a t h i s . P . 1.2.151. 233 
M a t t o o . A . K . III.11.799 
M a u z e r a l l , D . I I . 1.65 
M a v a n k a l , G . 1.5.661 
M a w s o n . B . I V . 5 . 2 7 3 
M a y e r . S . M . I V . 8 . 4 3 5 
M c C a i n . D . C 1.5.661 
M c C a r t y . R . E . I I I . 1.57, 61: I I I .9 .593 
M c C a u l c y . S . V . I I . 2 .245 : I I .4 .305 
M c C o m b . J . C . I I .6 .387 
M c D e r m o t t . A . E . 1.2.249; 1.5.557, 561. 565 
M c F a d d c n . B . A . I I I .5 .419. I V . 12.837 
M c l l a l e . N . A . III.9.581 
M c i n o r y , S. I V . 6 . 3 3 3 
M c L a u g h l i n . A . C . 1.2.217 
M c L a u g h l i n , W . E . I V . 10.649 
M c M o r r o w , E . M . I I I . 4 . 3 3 3 : I I I .6 .483 
M e c k . E . 11.13.709 
M e e k . J . I I I .5 .387 
M e i b u r g . R . F . 1.4.403 
M e j i a . A . III .1.75 
M e l a n d r i , B . A . III .2.193 
M e l i s . A . II .1.185: I I . 2 .245 . 249 . 253 , 257. 261. 

265; 11.4.305; I I .5 .355 ; I V . 1.27; I V . 4 . 1 8 9 
M e l k o n i a n . M . I I I .4 .345 
M e l l v i g , S. III .4.317 
M e n d e . D . II.7.481 
M e r c h a n t . S. I V . 10.663 
M e r l i n , E . I V . 10.653 
M e r r i l l . S. 1.5.689 
M e l s . L . . I . 1.1.83, 135: I I I . 9 .633 . 637 
M e t z . J . G . I V . 10.679 
M e u n i e r . C . P . 1.5.733, 737 
M e y e r . D . I I I .6 .467 
M e y e r . H . E . I I I .1 .99; III.11.787 
M i c h e l . I L 1.4.353: III.11.771 
M i c h e l . H . P . I V . 9 . 5 8 5 
M i d d e n d o r f . T . R . 1.1.17 
M i g i n i a c - M a s l o w , M . I I I .3 .241 , 249 
M i l c s . D . I I I . 1.53; I V . 10.675 
M i l l e r , A . - F . 1.5.601 
M i l l e r . K . R . II .1.217: I I .4 .309 , 313 
M i l l e r , M . 11.14.789 
M i l l e r , T . E . IV .7 .361 
M i l i n e r . P . A . II .1 .89; 11.15.809 
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M i l l s . . I . D . I I I . 1.49; III .2.201 
M i l l s . W . R . I V . 10.683 
M i n i u m . M . 1.1.91 
M i n a m i . E . - i . I V . 10.629 
M i t c h e l l . R . I I .8 .513: II.9.521 
M i t s u i . A . 11.12.649 
M i y a c h i . S. I V . 8 . 4 5 4 
M i y a o . M . 1.5.453. 613. 701. 705 
M i v a o k a . T . 1.5.709 
M i z i o r k o . U . M . I I I .5 .403 
M o h a n t y . N . 11.11.581 
M o h a n t v . P . II.11.581. 597. 605 
M ö l l e r . B . L . 11.1.49 
M o l n a r . S . A . I I .9 .525 
M o n e l l . C R . 1.1.119 
M o n g e . E . IV .4 .201 
M o n r o y . A . IV .9 .581 
M o n s o n . R . K . III .9.641 
M o o r e . B . d . I V . 6 . 3 5 7 
M o o r e . A . L . I I I .4 .359 
M o r i s h i g e . D . 11.13.697 
M o o r e . A . L . I I I . 9 .585 . 589 
M o r g a n . C L . IV.7 .361 
M o r o n e y . J . V . I V . 6 . 3 1 7 
M o r r e l l . M . I I I . 10.693 
M o r r i s s e y . P . .L I I .4 .305 
M o r s e . P . D . 11.12.665 
M o s e r . C C . I I .6 .413. 437 
M o s s . D . A . 11.7.453. 461 
M o u a l e m - B e n o . D . IV .4 .185 
M o u s s e a u . A . II.1.221 
M o y a . 1. I.I.III. 115: 11.13.705 
M u e l l e r . J . I V . 5 . 2 8 3 
M u k h e r j e e . U . III .10.735 
M u l i n e a u x . C . W . 11.14.757. 765 
M u l l e t . J . E . IV.9.511 
M u l l i n . C A . IV .12 .757 
M a m m a . R . O . I V . 12.757 
M u c a s e . M . I V . 10.629 
M u r a t a . N . 1.5.453. 613. 701. 705: IV .10 .62 
M u r a t a . T . 1.5.705 
M u r p h y . R . C I V . 12.769 
M u r r a y . A . J . S . I I I .9 .625 
M u s e h i n e k . G . I I I .3 .269 
M u s k a v i t c h . K . M . I V . 9 . 5 1 9 
M v a t t . J . F . I II .2.127 

N a b c d r v k . E . 1.2.177. 261: 1.3.329; 1.4.387 
N a h e r . . I . D . III.11.767 
N a g a o . R . T . IV .2 .143 
N a k a z a t o . M . 1.3.303 
N a n b a . ü . I I . 1.69 
N e a l e . P . J . 11.5.355 
N e c h u s h t a i . R . I I . 1.41; I V . 9 . 5 7 3 
N e d b a t . L . I V . 1.55 
N e i m a n i s . S. I I I .4 .293 

N e u h a u s . U . E . 111.10.735 
N e u m a n n . K . I L I I I .4 .363 
N e w e l l . W . R . I L 3 . 2 6 9 
N e w m a n . S . M . IV.10.671 
N i c h o l s o n . S. I I I .6 .463 
N i e d e r e r . E . II.1.13 
N i e d e r m a n , R . A . 1.1.29; I V . 11.729 
N i e r . W . I I I . 1.99 
N i g g e m e y e r . S. I I I . 1.29 
N i k o l a u . B . . I . I V . 9 . 5 6 5 
N i l s c n . S. I V . 1.87 
N i s h i m u r a . M . I I .7 .497 
N i s h i o . J . N . I I I .7 .523 
N i t s c h k e . W . I I .1 .37. 165: I I .7 .477 
N i x o n , P . J . III.11.779 
N o c t o r . G . D . III .1.49 
N o e s b e r g e r . .1. I V . 5 . 2 8 3 
N o g u c h i . T . 1.1.33 
N o r d e n . B . 1.3.337 
N o r r i s . J . R . 1.1.25: 1.2.213; 1.4.363. 371 
N o u r . T . A . I V . 7 . 3 9 3 
N u g a w e l a . A . IV.2 .131 
N u g e n t . J . H . A . 1.2.241: II.1.9 
N u i j s . A . M . 1.2.185. 229 
N u r m i . A . I I .5 .339 
N u t t . I L II . 1.53 

O e l m ü l l e r . R . IV .9 .561 
O e t l m e i e r . W . I I .6 .421; III.II.815 
O g a w a . T . I V . 6 . 2 9 7 . 301. 309 
O g r e n . W . L . I I I .5 .371 . 379 
O h a d . I. I II . I I .791: I V . 1 . 7 9 
O h a d . N . III .11.807. 811 
O h - H a m a , T . I V . 8 . 4 4 5 
O h k i . K . II.1.157 
O j a . V . I V . 5 . 2 4 5 

O k a i i m r a , M . Y . 1.4.379; 111.11.775 
O K e c l e . D . I I .7 .469 
O l i v e , J . 11.4.325. 329 
O l i v e r . D . J . I I I . 9 .569 . 573 
O l s o n . J . M . 1.3.341 
O ' M a l l c y , P . J . 1.5.463. 475 
O m a t a . T . I V . 6 . 3 0 1 . 309 
O n o . T . - a . 1.5.649. 653 
Ö q u i s t , G . I V . L I 
O r t . D . R . I I .2 .241: I I I .2 .205 : I V . 2 . 1 0 3 : 

IV .3 .153 
O r t i z - L o p e z . A . I V . 3 . 1 5 3 
Osa l ' une . T . I V . 9 . 6 0 9 
O s m o n d . C . B . I V . 3 . 1 5 7 
O t t o . .1. I II .1.99 
O u t l a w J r . . W . H . I V . 5 . 2 6 5 
O w o r a h - N k r u m a . R . I I I . 1.99 
O w e n s . T . G . 1.1.83. 135 
O w t t r i m . G . W . I V . 12.833 
O x b o r o u g h . K . I I .7 .489 
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P a c k e r . N . I V . 8 . 4 8 7 
P a e k h a m , N . K . IV.1.71 
P a c k l o c k . M . L . I I I . I I .775 
P a k r a s i . H . IV .10 .679 
P a k r a s i . H . B . I I .2 .233 ; IV.12.813 
P a l i w a l . R . 11.11.561 
P a l t a . J . P . I V . 2 . I I I 
P a n c o s k a . P . 1.3.315 
Pannee i s . P . I I I . 11.827 
P a p a g e o r g i o u . G . C . 11.14.785 
Pare t t . K X L 1.2.253 
P a r k a s h . J . I I .3 .289 
P a r k e s - L o a c h . P . II . 1.25 
P a r r y . M . A . J . I I I . 5 .395 : III .9 .611: IV .7 .361 
Passera , C . I I I .3 .265 
Pa te . J . S . I I I .8 .535 
P a t e l . M . I I I .9 .585 
P a t e l . P . K . 11.10.549 
Pa t r i e . W . J . III .1.53 
P e a r c y . R . W . I V . 5 . 2 5 7 
P e c k e r . I. III .11.807. 811 
P e c o r a r o . V . L . 1.5.725 
P e d c r s c n . J . P . 1.3.341 
P e d e r s e n . J . Z . 11.14.789 
Pe l an t . I. 1.3.315 
P e l l i e r . G . 11.12.653 
P e r c i v a l . M . I V . 1 . 4 7 
P e r s s o n . L . - O . I I I .6 .495 
Pe te r . G . F . II.1.101 
Pe te r sen , .!. 1.2.237 
P e t e r s o n . C . C . I I . 1.41 
P e t e r s o n . R . B . I I I .9 .549 ; IV .5 .213 
Pe t rou l ea s . V . 1.5.721 
P h i l l i p s . A . L . III .9.6I1 
P i c k , U . I I .1 .93 . 97 
P ico re t . R . 1.4.423 
P i e r . P . A . IV .3 .173 
P i e r c e . J . I I I .5 .387 
P i e t r o h o n , D . III .2.193 
P l a y l . L . A . I V . 12.785 
P l a t t - A l o i a . K . A . II .3 .285 
P l i j t e r . J . J . 1.4.435. 439; 1.5.533 
P l u m l e v . F . G . 11.15,805: I V . 10.637 
P o d e s t a , F . F . III.7.531 
P o n s e . G . III .2.157 
P o p o v a . L . P . I I I .9 .669 
P o p o v i c . R . 11.12.625. 629 
P o p o v i e . Z . 1.2.221 
Po r t e r . G . 1.1.95, 131; 1.2.257 
P o r t e r . M . A . III.6.451 
Po r t e r . R . D . I V . 1 2 . 7 5 7 . 761, 769 
Por t i s J r . . A . R . I I I . 4 .367 : I I I .5 .371 . 379 . 383: 

IV .2 .103 
Pos t . A . I I .8 .509 
P o w l s . R . I I I .6 .463 
Prc i s s . J . I I I .10 .693. 701 

P r e s t o n . C . I I .3 .273 
P rcus se . S. III.11.815 
P r i c e . C A . I V . 10.667 
P r i n e e . R . C IV.11 .721 . 725 
P r i o L i l . J . L . I V . 9 . 5 5 3 

P r o u d l o v e . M . O . I I I . 4 .359 : I I I . 9 .585 . 589 
P u r i n e n . T . I I . 5 .375 : 11.13.753 

Q i a n . T . O - II L I . 103 
Q i . S. 1.5.585 
O i u - c h e n . C 11.12.657 
O u i c k . W . P . III.2.201 
O u i n t o . .1. I I L 2 . 2 2 5 

R a d i n e r . R . J . 11.11.593 
R a d u n z . A . I V . 9 . 6 1 3 . 617 
Ral ' a les . M . I I I . 10.759 
R a n d a l l . D . D . I I I .9 .565 
R a n g e r . C I I I .9 .657 

R a o . I . M . I I I . 4 .325 : I I I .10.751. 755: I V . 3 . 1 4 7 
R a o . K . K . 11.12.645 
R a s c h k e . K . IV.5 .281 
R a s h w a n . F . 1.3.329 
R a t a j c z a k . R . II.9.521 
R a v e n . J . A . I V . 6 . 3 3 3 
R a v e n e l . J . 11.12.653 
R a v i z i n n i . R . A . I I I . 1.79 
R a y n e s , D . A . I I I .4 .273 
R c b a n e . K . K . 1.1.41 
R e h e i z . C A . I V . 8 . 4 3 9 
R e d c l y . K . J . I V . 1 2 . 7 7 3 . 777 
R e d l i n g e r . T . E . IV.11 .741 . 745 
R e e s . D . C 1.4.375 
R e i m e r . P . 111.11.827 
R e i n h o l d . L . I V . 6 . 2 8 9 . 301 
R e i s k i n d . J . B . I V . 6 . 5 4 5 
R e i t h . M . E . I V . 12.797 
R e m y . R . 1.1.115 
R e n g e r . G . 1.5.515. 519. 541. 545: I I I . 11.783 
R e n s i n g . L . II.1.137 
R e y s s . A . I V . 9 . 5 5 3 
R i c a r d . .1. I I I .6 .447 
R i c c o h o n o , .1. II . 1.25 
R i e h . P . R . I I . 7 .453 . 461 
R i c h a r d s . G . E . I V . 1 . 3 9 
R i c h a r d s . R . A . I V . 5 . 2 0 9 
R i c h a r d s . W . R . I V . 8 . 4 7 5 
R i c h t e r . M . I I .5 .363 
R i c h t e r . M . L . III .1.57 
R i d l c y . S . M . 11.10.549 
R i e s J r . . U . E . I I .4 .333 
R i e t h m a n . H . C II.1.145. 149; I I . 5 .379 : 

I V . 12.773 
R i k i n . A . IV.9 .581 
R i v i e r e . M . I I I .6 .447 
R o b e r t , B . 1.4.395, 441 
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R o b e r t s . D . I V . 2 . 1 2 / 
R o b e r t s . J . K . IV .2 .143 
R o b e r t s o n . D . E . 1.2.217: 11.6.405. 409, 437 
R o b i n s o n . C . I V . 9 . 5 6 9 
R o b i n s o n . I I . I I .6 .429 : I V . I 2 . S 2 5 
R o b i n s o n . J . M . I I I .S .545 
R o b i n s o n . S . J . I V . 11.741 
R o d c r m e l . S . R . I V . 9 . 5 1 9 
R o d r i g u e s . M . L . I V . 3 . L S I 
R o d r i g u e z . I . D . 1.5.463. 471. 475 
R o e l o l s . T . A . I I .5 .383 
R o g n e r . M . I I I . 1.25 
R o m a n o w s k i . M . 1.1.127 
R o m e r o . I. I I I .2 .225 
R o n g e y . S . H . III.11.775 
R o o k . S. IV.11.713 
R o o t . L . L . 1.2.253 
R o s e m a n n . D . IV .9 .561 
R o s e n g a r d . F . 1.5.677 
R o s s . D . I V . 1.71 
R o u x . E . III .2.213 
R o y . I L I I I .5 .423 
R o z i e r . C . I V . 9 . 5 4 7 
R ü d i g e r . W . IV.8 .461 
R ü h l e . W . I I .5 .363 
R u m b e r g . B . I I I .2 .1S5. 189 
R u r a i n s k i . H . J . 11.10.537 
R u s s e l l . D . R . IV .9 .519 

R u t h e r f o r d . A . W . 1.2.201. 277: 1.5.653 

S a a d . A . O . M . I V . 7 . 3 9 3 
S a b a l . S . C . II.11.5iSl 
Sage . R . F . I I I .4 .285 
S a h l i s . J . K . III .6.491 
S a k u r a i . I L I I .1 .57: III.1.13 
Sa l i s . P . I1I.11.S27 
S a l n i k o w . J . 1.5.697 
S a l v u c e i . M . E . I I I .5 .371 . 379 
S a n d e r s , C . E . 11.14.757. 761 
S a n d s i r ö m . A . 1.1.123 
San tos . C . P . I V . 1.63 
S a r i c . M . R . I V . 7 . 3 9 5 
S a r o j i n i . ( i . I I I .9 .569 . 573 : IV .12 .837 
Sassen ra th . G . F . I V . 2 . 1 0 3 
S a l o h . K . 1.4.379; 1.5.483. 625 . 709; II . 1.69, 73 . 

77 
S a u e r . K . 1.1.139: 1.2.249; 1.5.557. 561. 565 . 

569 . 573 
S a v i l l e . B . I V . 12.829 
S a w v e r . D . I . 1.5.717 
S a y c e d . S . A . II.11.605 
S a y g i n . ( ) . 1.5.523. 537 
S c h a t z . G . I I . 1.1.61. 67 
S c h e e r . H . 1.1.143: 1.4.411 
S c h e u e n . M . A . M . I I . 1.209 
S e h e l i c z y k . B . I I .5 .347 

Sehe ibe . R . I I I .3 .233 
Schi f f . J . A . I V . 9 . 6 0 5 
Sch i f fe r . M . 1.4.363, 371 
S c h i c k l e r . H . III .2.153 
S c h l o d d e r . E . 1.5.523 
S c h m i d . ( L H . 1.5.549: III .9.617 
S c h m i d t . G . III.1.91 

S c h m i d t . G . W . 11.15.805: I V . 1 0 . 6 3 7 . 645 
S c h m i d t . W . IV .8 .491 
S m i t h . A . G . IV.10.617 
S c h m i t t . J . M . I V . 2 . 1 0 7 
Schneegu r t . M . A . IV.8 .431 
S c h o c n k n e c h t . G . III .2.133 
S c h o n l e l d . M . III .2.153 
S c h r ö d e r . W . P . 1.5.665 
S c h r o e d e r . H . - U . I I . 1.37 
S c h ü l l . I L III . I .17 
S c h u m a n n . J . I I I . 1.9 
Schus te r . G . I V . 1.79 
S c h w ä r m . H . - M . I I I .2 .229 
S c h w a n z . P . II.1.29 
S c h w a r t z b a c h . S . D . IV .9 .581 
S c h w e n d e r . J . R . I V . 9 . 5 3 5 
S c h w e r z m a n n . R . I I . 1.21 
S e e m a n n . J . R . I1I.4.285. 321 
S e i t o r . R . E . B . I I I .4 .273 
Se ibe r t . M . 1.4.423: 1.5.589. 673; 11.4.297: 

I V . 10.679 
S e i i n g e r . I L I V . 5 . 2 2 9 . 233 
S e l s t a m . E . I I .1 .225. 229 
Senge r . I I . L I . 7 1 : IV.8 .591 
S e n - G u p t a . A . IV .3 .177 
S e r r a n o . A . I I I .6 .439 
Serva i tes . J . C . I I I .5 .391 . 395 
Set i f . P . 1.2.233 
S e l m a n . B . R . III .1.107, III 
S e l m a n - R e i m e r , S. I I I . 1.1 II 
Senge . M . IV.8 .491 
Senger . I L IV.8 .491 
S e t l i k . I. I V . 1.55 
S e t l i k o v a . E . I V . 1.55 
Se to . I L I V . 8 . 4 4 5 
S h a l i e v . M . A . 1.5.581 
S h a r k e y . I . D . IV .3 .157 
S h a r p . R . R . 1.5.553 
S h a w . E . K . I V . 9 . 5 3 5 
S h e a l f e r . C G I V . 7 . 3 6 9 
Shea ts . . I . E . 1.5.721 
S h e r m a n . L A . 11.1.145. 149: I I .5 .379 
S h i m i z u . T . II .1.45 
S h i n o h a r a . K . I V . 9 . 5 3 9 : I V . 10.629 
S h i n o z a k i . K . 1.5.701 
S h i o z a w a . J . A . 1.4.407 
S h k u r o p a t o v . A . Y a . 1.2.161 
S h a h a k . Y . III.1.41 
Shapes . R . J . I I . 6 .387 . 397 
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S h a r k e y . T . D . II1.4.285. 321 
S h a r p . R . R . III .1.71. 119 
S h a v i l . N . III.1.1 

ShealTer . C C I V . 7 . 4 6 9 
S h e n . . I . Y . I V . 9 . 5 1 9 
S h c n . Y . K . I I I .1 .37. 103 
S h e n g . J . - S . I V . 12.793 
S h e r m a n . L . A . I V . 12.773. 777 . 7S5 
S h i . D . J . 11.12.641. 645 
S h i n g l c s . R . A . I I I .9 .645 
S h i n o h a r a . K . I V . 9 . 5 3 9 ; I V . 10.629 
S h o m c r - I l a n . A . IV .4 .185 
S h o w c l l . M . S . 1.3.349 
S h u - j u n . L i 11.12.657 
S h u v a l o v . V . A . 1.2.161. 229 
S i b h a k l . P . R . 11.11.573 
S i d l c r . W . A . II.1.153 
S i e b u r t h . L . E . I V . 9 . 5 3 1 : I V . 10.637 
S i egen tha l e r . P . - A . I I . 1.213 
S iga la t . C . III .2.169 
S i m k e n s . E . I V . 7 . 3 9 9 
S i m o n . J . P . I V . 7 . 3 9 9 
S i m p s o n . D . 1.3.307: 11.1.61. 81; I I .3 .277 
S i n c l a i r . J . I I .13.733 
S i n g h a i . G . S . I I .3 .289 : 11.11.561 
S i n n i n g . I. 111.11.771 
S i v a k . M . N . I I I .4 .301. 313 
S k a l a . L . 1.3.315 
S t a n k o v i c . Z . S . I V . 7 . 4 9 5 
S l o o t e n . L . 11.12.633: I I I . 1.95 
S l o v a c c k . R . E . II .1.33 
S m c c k c n s . S. I V . 9 . 5 6 9 
S m i t . 1-1.WJ. 1.2.189. 229 
S m i t h . A . C . I V . 8 . 4 5 3 : I V . 10.717 
S m i t h . 13. II.1.185 
S m i t h . K . M . 1.3.307 
S m i t h . N . S . 1.2.245 
S m r c k a . A . V . 111.4.281 
S n c l . J . F . H . 11.12.613. 617. 621 
S n y d e r . U . K . 11.14.784 
S o i r o v ä . D . I V . 1.55 
S o l o v ' e v . A . A . II.1.17 
S o m c r s a l o . S. IV.2 .115 
S o m c r v i l l c . C . I V . 1.67 
S o m c r v i l l c . S . C . II.1.141 
S o n c i n i . F . C . I I I .6 .439 
S o t i r o p o u l o u . G . 11.14.785 
S o u c k o v a . L . 1.3.315 
S o u l i e . J . - M . I I I .6 .447 
S p a l d i n g . M . L I . I V . 6 . 3 2 9 
Spang fort . M . II . 2.265 
S p a n o . A . I V . 9 . 6 0 5 
S p a r r o w . R . 1.1.99 
S p c a r - B c r n s t c i n . L . I I .4 .309 
Spence r . L . 1.5.717 
S p i l a t r o . S . R . III.10.701 

S p i l l e r . S. I V . 12.801 
S p i l l m a n n . A . II .8.513 
S r i n i v a s a n , A . N . 1.5.553 
S t a d i o n . D . I V . 8 . 4 2 3 
S l a e h e l i n . L . A . I I . 4 .293 . 297: 11.13.69 

IV.9 .601 
S t a n k o v i c . Z . S . I V . 7 . 3 9 5 
S t e c k . K . 1.4.383 
Ste f fen . K . L . IV.2.III 
S i e h l i k . D . 1.2.237 
S t e i n . M . I I I .6 .459 
S t e ine r . R . 1.4.411 
S t e i n m e t z . D . I I .5 .347 
S t e u p . M . I I I . 6 .475 . 479 
S t e v e n . P. 1.5.589 

Stevens J r . . S . E . I V . 12.749. 757. 761 
S t ewar t . G . R . 111.9.585 
S t i r e w a l t . V . L . IV .12 .749 
S t i l t . M . I I I . 10.675. 685 
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