
28. F. H. C. Crck, Acta Cr)/sta/logr 6, 685 (1953). 
29. As detected by SDS-polyacq/lam~de gel electro- 

phoress of freshly prepared COMP and of dssolved 
crystals, the concentraton of reduced dsufdes var- 
led frorn 10 to 20O6, depending on the preparation. 
and Increased wth tme In the crystal. As a result, 
fragments of the polypeptide char  adjacent to dl- 
sulfdes were lntally poorly defned, espec!aly In the 
structure of the M66A mutant. In the wid-type struc- 
ture, dlsulflde brldges were better deflned because 
of the hgher degree of oxdaton and the stabllzlng 
effect of MeP6 slde chans, v ~ h c h  decreased the 
local proteln moblty through hlgher packng densty 
~n the crystal The inltla electron denslty was slgnlfl- 
canty Improved by a slmpe skeletonzatlon-Ike pro- 

cedure. Resldues Glu6' to vJere excluded from 
the phase calculat~ons and the dens~ty calculated 
wlth coeffclents (2F0,, - F ,,,, ),  a ,-,, for ths part of 
the structure was f led 1~~1th dummy atoms After 
three teratlve cycles the qual~ty of the map was 
suffclent to model all of the remanng resdues. ex- 
cept GIY'~. 

30. Supported n part by Swss Natlonal Sclence Foun- 
daton grant 3132251.91 to J.E We thank J. N. 
Jansonlus for support and for provdng access to 
x-ray equipment, and also for valuable comments on 
the manuscrpt. Coordinates have been deposited In 
the Brookhaven Proteln Bank (entry code. IVDFI. 
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served Inore than once within the  region. 
For instance, the  L repeat was often found 
on nearby fragnlellts (1 2 and 15, 41 and 45, 
57 and 61, and 113 and 119; Fig. 1 ) .  Re- 
peats M, N ,  0, and P were only fo~u l~d  
he taeen  t1x.o L repeats. Similarly, the  Q, R,  
and S repeats were he taeen  pairs of I/J 
repeats, \\,hereas repeat C \\.as found be- 
tween H repeats (Fig. 1) .  These patterns 
suggested that repeat pairs may be lollg 
terminal repeats (LTRs) and that  the  se- 
iluences between them rnav encode retro- 
element products (6). 

W e  undertook d~agnoatlc D N A  se- - 
Nested Retrotransposons in the intergenic quencing of the  presumptive LTRS of each 

of these proposed retrotransposons, and 
Regions of the Maize Genome completely seilue~lceii one element. In  ex.- 

Phillip SanMiguel, Alexander Tikhonov, Young-Kwan Jin, 
Natasha Motchoulskaia, Dmitrii Zakharov, 

Admasu Melake-Berhan, Patricia S. Springer," 
Keith J. Edwards, Michael Lee,? Zoya Avramova, 

Jeffrey L. Bennetzen$ 

The relative organization of genes and repetitive DNAs in complex eukaryotic genomes 
is not well understood. Diagnostic sequencing indicated that a 280-kilobase region 
containing the maize Adhl-F and u22 genes is composed primarily of retrotransposons 
inserted within each other. Ten retroelement families were discovered, with reiteration 
frequencies ranging from 10 to 30,000 copies per haploid genome. These retrotrans- 
posons accounted for more than 60 percent of theAdh1 -F region and at least 50 percent 
of the nuclear DNA of maize. These elements were largely intact and are dispersed 
throughout the gene-containing regions of the maize genome. 

P l a n t  genomes, like those of other higher tissues (3) .  Fragrnent order, size, and com- 
eukarptes ,  consist of repetitive D N A  se- position in this region was further resolvecl 
quences intermixed with genes (1-4), but (4 ,  5) (Fig. 1) .  Groups of repeats were ob- 
neither the  nature of these repetitive se- 
iruences nor the  basis of their intersoersion 
has been \\,ell defined. In  general, larger 
e~tkaryotic genomes have higher percent- 
ages of repetitive DNAs. T h e  maize nuclear 
genome, for instance, contains about 60 to  
80% repetitive D N A  ( I  ). 

In a con t iguo~~s  250-kb region flanking 
the  maize Adhl-F gene, isolated o n  a yeast 
artificial chromosome (YAC) (4 ) ,  37 class- 
es of repeats accounted for >60% of the  
DNA.  Blocks containing different mixtures 
of these repeats make up most of the  maize 
genome, range in size from 20 to  200 kh, 
u u 

and are hypermethylated in mature plant 

P. SanMlguel, A. Tkhonov, Y.-K. Jln N Motchouskala, 
D. Zakharov, A. Meake-Berhan, P. S. Springer, M. Lee, 
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K. J. Edwards Long Ashton Research Statlon, Long 
Ashton, Brsto BS18 9AF. UK. 

-Present address, Cold Sprng Harbor Laboratory. Cold 
Sprlng Harbor, NY 11724, USA, 
?Present address: Department of Agronomy, Iowa State 
Unvers~ty, Ames, A 5001 1, USA. 
-$To v~hom correspondence should be addressed 

ery case, the  nlodel was supported by the  
data. T h e  complete elernent sequenced, 
which we named Opie-2, is 8957 base pairs 
(hp) with a 1271-bp 5' LTR and a 1292-bp 
3 '  LTR. T h e  LTRs correspond to  the  L 
repeat (Fig. 2). 

Further sequencing uncovered three 
other  families of LTR-retrotransposons: 
Huck (containing LTRs with the  H re- 
peat) ,  Kake (containing the  internal KK 
repeat),  and Foz~rf (containing LTRs \\-it11 
t h e  FF repeat) (Fig. 3 ) .  Three  other  novel 
retrotransposons were foullJ by chance: 
Milt, Reina, and Victim (Fig. 3 ) .  W e  also 
identified three highly repetitive retroele- 
merits similar to  those fo~und in previous 
studies. Ji (with ]/I LTRs) is related to ret- 
rotransposon PREM-2 (7); Grande-zml is 
holnologous t c  Grnnde from Zen diploperennis 
(GenBank accessioll number X82087); and 
Cinful is homologous both  to  the  defective 
retrotransposon Zeon-1 (8) and the  solo 

Z BB 
B A  C D E G F  D H I J L M N O P L J Q R S V  U I J T  I Q R S U I T  W X Y  AA 

DD OrP 
L C C  O P r N  M L FF H GG C H F F I ]  J L C C  N M L U  

Adhl-F 
--+ 

V J i O R S q J  I JQt R R  S V U I  J 

HH II JJ KK KK L CC PON M L 

Fig. 1. Compos~t~on and arrangement of repettive DNA flanking the maze Adhl -F locus. Bar patterns 
correspond to approximate copy numbers: cross-hatched bars hghly repetltive (thousands of coples); 
hatched bars repetitive (hundreds of copies): and open bars, low copy number (<I00 copies) (4). 
Letters above bars indlcate the class of repetltve DNA, as defined by hybrdlzatlon of each hlghly 
repetitive fragment to all fragments n the regon (4). The arrows Indicate two genes ~n this reglon. Adhl F 
and u22 (721, and their direction of transcrption. The order of adjacent underlined fragments is not 
known. 
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LTR called Cinl (9). 
Twenty retrotransposons account for 

-150 kb (62%) of the contiguous 240 kb 
analyzed, including almost all of the highly 
repetitive DNA. Solo LTRs Ji-2 and Ji-5 
could have been generated by unequal re- 
combination between LTR pairs during the 
cloning process. However, using a low-copy- 
number restriction fragment near Ji-2 as a 
probe in gel blot hybridization analysis, we 
observed that this solo LTR is present in two 
independent YAC clones carrying maize 
Adhl-F (4). A band of this size is also seen in 
maize genomic DNA ( 10). In 1 1 of the 12 
cases investigated, retrotransposon insertions 
were flanked by identical 5-bp duplications 
of target DNA (Table 1). The one excep- 
tion, Victim, is flanked by CTCAC and 
TTCAC. The presence of direct target re- 
peats flanking an element marks pairs of 
LTRs as components of the same element. 

Sequences internal to the LTRs identi- 
fied two features necessary for retroelement 
replication: the primer binding site (PBS) 
downstream from the 5' LTR and the poly- 
purine tract (PPT) upstream of the 3' LTR. 
In all 13 cases investigated, a PPT was 
present in the appropriate position (Table 
1). In 10 of the 12 cases examined, a PBS 
with homology to the 3' end of a tRNA was 
intact and appropriately positioned (Table 
1). Of the two exceptions, Kake-1 appears 
to be a defective element. In Fourf, the 
presumptive PBS exhibits a 13113-bp match 
to a sequence in its LTR, which suggests 
that Fourf self-primes its reverse transcrip- 
tion (11). Ten of the 20 elements were 
inserted within another element (Fig. 3), 
and five of these were inserted within 
LTRs. Fifteen of the 20 elements were in 
the same orientation, such that their tran- 
scription would be in the opposite direction 

Fig. 2. Structure of the L M N DD OPr  CC L 
Opie-2 retrotransposon 
(GenBank accession num- 
ber U68408). @ie-2 was 
subcloned, sequenced, 

1 ,, ,, 
and analyzed as de- 
scribed (5, 12). Letters 
above the bar indicate re- 
peat types, as in Fig. 1. Below the bar, arrows indicate the position, size, and orientation of the LTRs, and 
open bars below indicate two long ORFs with homology to key retrotransposon genes. Fragments are 
numbered within the bar as in Fig. 1; fragments 45a and 41 b represent parts of fragments 45 and 41, 
respectively. RT, reverse transcriptase; RNase H, ribonuclease H. 

from Adhl-F and u22 (12) (Fig. 3). 
Previous studies of repetitive DNAs, 

cloned because of their location near genes 
(3) or at the ends of maize YACs (13), indi- 
cated that >85% of these random repeats 
were homologous to repeats near Adhl -F (4). 
These results suggest that the Adhl -F region is 
representative of the full maize genome. Fur- 
ther analysis of these data indicated that an 
Opie element is 5' to the Adh2-N locus and 
that Ji elements are 3' to the Shl gene cloned 
in pZmShl and 5' to the 19-kD zein gene 
cluster on lambda clone ZG19.3 1 (3, 10). 

All four of the highly repetitive DNAs 
previously used to fingerprint maize YACs 
(13) were found to be parts of retrotrans- 
posons by sequence comparisons (10). Re- 
peat 1, present at -50,000 copies per ge- 
nome and on 45% of all maize YACs, is a 
segment of an Opie LTR. Repeat 2, present 
on 50% of YACs, is a fragment containing 
the junction of a Huck LTR and Ji internal 
sequences (indicating a Huck element in- 
serted into a Ji). Repeat 3, present at 
-50,000 copies and on 62% of YACs, is 
part of a Ji LTR and its PPT. Repeat 4, at 
-30,000 copies and on 63% of all YACs, 
is an internal portion of Opie (13). Be- 
cause of their inters~ersed nature, high . - 
copy number, and presence flanking most 
maize genes (3, 13), this nested retroele- 
ment structure appaiently represents the 
standard organization of intergenic regions 
in maize. Regions around telomeres, cen- 

Fig. 3. Structure of the Adhl -F region of maize, showing identified retrotransposons. Labeling, bar patterns, and underlines are as in Fig. 1, but confirmed 
elements have been positioned above the DNA into which they have inserted. Curved lines below each element converge at the insertion site. The arrow above 
each element indicates its orientation. Fragments with lowercase a, b, or c designations are components of the fragment with the same number. GenBank 
accession numbers: Fourf, U68401; Cinfvl, U68402; Grande-Zm, U68403; Huck-2; U68404; Ji-3, U68405; Kake-1 , U68406; Miff, U68407; Reina, U68409; 
and Victim, U68410. 
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tromeres, knobs, ribosomal D S A  repeats, 
or other unusual structures rvould be likely 
exceptions. 

at least 50°0 of the Inare genome. 
Although retrotransposons are present 

in plants with sn~aller genomes, such as 
LA~ahldopsis, their varlety and genomic copy 
number are ~1suall~- ~ - e r ~ -  lonl (6 ) .  Larger 
genomes, llke those of maize, barley, and 
lily, have both 111ghly repetitive retrotrans- 
nosons and many different fanlilies of retro- 

plex animal and plant genomes (such as 
humans and maize) share retroeletnents as 
their major class of interspersed repetitive 
D S A .  They differ, ho~vever, in the type of 
abundant retroelements and in their ar- 
rangement relative to genes. 

The highly repetitive Cinftil, Grande. 
Htick, Ji, and Opie elements have very few 

Each highly repetltive retrotransposon 
family constitutes a substantla1 portion of 
the maize genome. The 3O,L?L?L?-copy Opie 
element, for instance, shoulii constitute 
about 1C to 15'0 of the 2.tL?P-megabase 
maize genome (13). In total, Ople, Cinftil, 
Gronde, H L L C ~ ,  and Jl account for >:5% of 

transposons in a f~111 range of copy numbers 
(6). Hence, species-specific variation in 

homologies with sequences in the maize 
seiluence databases. In the cases of Cinttil, 

the maize genome. In addition, lower-copy- 
number retrotransposons Foti~f, Kolte, hlilt, 
Re im and \:ictnn n-ere discovered In this 

LTR-retrotransposon amplification or main- 
tenance might account for most genome si:e 
variation in plants 114). 

Grande, and Ji, some of these homologies 
were to DNAs that were studied because of 
their repetitive nature, their expected mo- 
bility, or both (7-9). Of more than 7L?C 
genomic sequences of maize genes, database 
searches using LTR sequences yielded only 
three hits \\,it11 Cinjtil (accession number 
U45859) (19), zero hits with Grande. two 
hits with Huck (GenBank accession n u n -  
ber b123537) (20) ,  four hlts n i th  Ji (Gen- 
Bank accession numbers X91883 and 
L21PP7) (21 ). and two hits n i th  Opie (22). 
Homologies were observed where sequenc- 
ing continued for several kilobases either 5 '  
or 3 ' to the a~lalvzed locus 11 9-22). 

region largely as an accidental outcome of 
sequence analysls of the highly repetltive 
retrotransposons. Reverse Southern (DNA) 
blot analyses with Fourf Kake, and \,-lcritn 
indicate copy numbers in the hundreds (4 ) ,  
whereas our Sout11er11 blot analysis with a 
Rema element probe indicated - lP  copies 
in mai:e (12). Because the five middle re- 
petltlve DNAs that n.e sequenced in this 
region all xere found to be LTR-retrotrans- 
posons (Fourj. Kiike-1. Kake-7, &lilt, and 
I'ictitn). \ve expect that the >5C kb of un- 

Simple eukaryotic genomes, like those of 
?Irabidopsis, nematodes, and yeast, primarily 
consist of tightly juxtaposed genes inter- 
mixed nit11 rare mobile DNAs. The euchro- 
matic regions of the D~osophila genome are 
similarly repeat-poor and gene-rich. but its 
13-heterochromatin co~lsists of tandemlv re- 
peated sequences and variably fragmented 
nloblle DS'qs, including retrotransposons. 
interspersed with isolated genes (15). In 
contrast, interspersed repetitive DNAs in 
humans are usuallv nor-LTR retroelements 
(for example. Alu and L1 elements) (16) 
that can be found in the large illtrolls typ- 
ical of many chordate genes. Plant genes 
usually have small introns that may only 
tolerate insertion bv small elements 11 7 ) .  

exalni~led mliiile repetitive DS,q surround- 
ing .\dl11 -F contains aiidltlonal LTR-retro- 
transposons, and that there are thousands of 
other families of these lo!\-copy-number 
elenlents in maze. These observations ~ n -  

The mlnor representation in the maize 
databases of sequences that make up >7j00 
of the genome suggests that these elements 
specifically avoid genes. In contrast, some 
ion-coav-number mobile DNAs like Mtil 

dicate that the highly repetitive, middle- 
repetiti~.e, and ion-copv-number retroele- 
ments beta,een genes combille to make up 

hlammalian gellomes do contain ancient 
fragments of LTR-retrotransposo~~s, often 
consisting of solo LTRs (1 8) .  Hence, com- 

L ,  

of maize preferent~ally insert into genes 
(23). Perhaps a highly repetitive retrotrans- 
poson can only exist if it targets regions 
between genes. Otherlvlse, the host cell 
would incur a lethal level of mutation. 

Table 1 .  Retrotransposons in the reglon flankngAdh7-F. The element fam~ly, either copia orgypsy, was 
determ~ned by the order of rnterna sequence homologies t o o l g e n e  products 16. 701 Element and LTR 
szes were determined by sequence or by restrcton mapping and are estmated to the nearest one-half 
or one-tenth klobase respec~ively. 5'DR, 5 '  drect repeat (duplcaton of ilankng target DNA); 3'DR. 3 '  
direct repeat. - same potenta drecton of transcrption asAdh7-F. -, the opposte drecton; ND, not 
determined; NA, not applicable. 

Contrary to our expectations of a rela- 
tively unorganized mass of mtermixed re- 
petitive DNA betn-een genes (3 ,  4) .  we 
found that the retrotransposons that make 
up most of the maize genome are largely 
intact and slmply organized. Future analyses 
\\,ill focus on understanding the signlfi- 
cance. rate. and nature of changes in inter- 
gene structure and compositioll (12). 

LTR 5'DR Name S~ze size PBS PPT 
3,DR Oren- 

tat~on 

ACAGG REFERENCES AND NOTES 
GGACC 

ND 
TGGTATCGGAGCCGT AGGGGGAG 

ND AGGGGGAG 
GGACC 
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10. P S a t - M g ~ e  ,A. T~khonov, Y.-K. JII, N. Motchobs- 
kaa  D. Zakharo\!, A. Meake-Berhan. P S. Sprjrger, 
K. J. Edivards, M. Lee, Z. Avramo\'a J. L. Beinet- 
zen data l o t  sho8t;n. 

11 i . L  Le\!~i,!do:.Ce:. B,b:. 15,3310(1995). 
12 Z. ,A\'ramova er a' P,an? J in press. 
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ND 
ND 

GCAAG 
CGAAG 
G A T C  
GAAGC 

ND 
TAATC 
CTC AC 

ND ND 
ND ND 
N A N A 

TGGTATCAGAGCCCG AGGGGGAG 
TGGTATCTGAGCCCG AGGGGGAG 

N A N A 

ND 
AT AAT 
GCAAG 
CGAAG 
G A n C  
GAAeC 

ND ND 
CCAAAAACCTAAT TGGTGGGG 

ND 
TAATC 

TGGTACCAGAGCC GCGGGGGG 
Ty3 g\ psy-like elements 

TGGCGCGCCAGGTAGG GGGGGCTA 
TGGCGCGCCAGGTAGG GGGGGCTA 

Huck-1 11.5 1.5 
Huck-2 12 .0  1.5  
Grande-zm1 13.5 3.6 
C!niui 8.5 3.6 
Reina 5.5 0.3 

GGGTG 
A T G n  

ND - 

A T G T  - 

GCATC TGGCGCGCCAGGTAGG ATCGGGGG GCATC - 
GTGGC TGGCGCCCACCCTCCG AAGGGGCTA GTGGC - 

ND TGGTAATCGGAGCTGG GGGAAGGGG G G T G  - 

Unknown 
ACAAG TGGCGACTCCGCTGGG AGGGGGGCA ACAAG + 
T A G n  CGTTATCAGCACTTT AGGAGGAG TAGTT - 

ND ND ND ND - 
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14 K, Arbm~gat-athai a i d  E D Eacle, ?:ant Mo: Blo:. 21 M L Abler and J G. Scardaos ?;ail:!Jlo: Blot, 22, a possible rlgij. body motion of llelices C and 
REG 9, 208 119911 1031 (1993), P. L. A e r  a i d  D M. Loisdale. Plant J 
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17 S R \!l!essler. 7. E 6 ~ r e a ~ .  S E ',i~'h~:e. CLM O,nl~. L ~ ~ ~ ~ ,  J L. ~~~~~t~~~ G ~ ~ e i * c s  140, 3 - 5  probe the spatial proximity of Cys". which 
G e ~ s r  Deb) 5 8 1 i  ,19951. 11 2951, replaced His at that position, (helis A )  and 
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G e ~ s i .  207, SC: '198'1; P Kersat-ach e: a. , \'afuf,re gr2,1-;s to z ,4, ;93-373~0-8769! to J,L B. ;9i .  after photoactivatlon 111 rhodopsin (6).  We 
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the cytoplasmic ends of helices C and F in 
31 i'Jl2,:j 1996: accepted 23 August 199s 

rhodoasln and light-induced alteration in 
L 

their conformation. Sis double cysteine mu- 
tants were constructed in a mutant of rhodou- 

Requirement of Rigid-[Body Mdion  of sin ~n \vliich the native cysteines at positions 
14L1. 316. 322, and 323 were replaced by 

Transmembrane Helices for Light serine (7) .  In each mutant, the position of one 

Activation of Rhodopsin cysteine (cysl3? was kept constant, wl~ereas 
the locat1011 of the second cvsteine \\.as varied 

David L. Farrens," Christian Altenbaeh, Ke Yang,-:- 
Wayne L. Hubbell,$ H. Gobind Khsrana* 

among anlino acld positions 247 tlirougli 252 
in helix F (Fig. 1). The mutant opsin proteins 
xvere expressed in COS-1 cells, regenerated 
with 11-cis-retinal, and purified in dodecyl 

Conformational changes are thought to underlie the activation of heterotrimeric GT'P- maltoside (DM) detergent with an immuno- 
binding protein (G protein)-coupled receptors. Such changes in rhodopsin were explored affinity procedure (8, 9). All mutants bound 
by construction of double cysteine mutants, each containing one cysteine at the cyto- 11-cis-retinal to for111 pigments with properties 
plasmic end of helix C and one cysteine at various positions in the cytoplasmic end of similar to those of natlve rhodopsin [A,,,, -= 

helix F. Magnetic dipolar interactions between spin labels attached to these residues 498 nm and ratlo of absorbances at 282 and 
revealed their proximity, and changes in their interaction upon rhodopsin light activation 52L1 nnl (A,,,!A,,,) between 1.6 and 1.81. 
suggested a rigid body movement of helices relative to one another. Disulfide cross- Upon illulnination with light of wavelength 
linking of the helices prevented activation of transducin, which suggests the importance (X)  greater than 496 nm, all showed an ab- 
of this movement for activation of rhodopsin. sorbance shift to 38L1 nm and subsequent ret- 

~ n a l  release characteristic of the native pro- 
tein (iC). 

The sulfl~ydryl groups in the double cys- 
G protein-coupled receptors (GPCRs) form schemes for mapping the rhodops~n sequence teine mutants were derivatized with a meth- 
a superfamily that mediates the actions of onto the resol~.ed lielices have been proposed anethiosulfonate spin label (Fig. 2)  ( 1  1 ) .  
extracellular signals as di~verse as light, (3 .  5). Site-directed spin labeling (SDSL) The double cysteine mutants so derivatized 
odorants, peptide hormones, and neuro- studies reveal that iso1neri:ation of the 11-cis- were designated as 139R1-248R1 through 
transmitters (1 ) .  Activation of these re- retinal chrot~~ophore by light leads to reorga- 139R1-252R1. 
ceptors is assu~lled to require protein con- nixition of the tertiary contact surfaces of Static tnagnetic dipolar interactions be- 
formational changes. Understand~ng the lielices C and F, as well as to changes in the tween tn70 nitroxide labels in an ~unoriented 
nature of these structural changes is cen- structure of cytoplas~nic interhel~cal loops sample lead to spectral line broadening, and 
tral to understanding the tnolecular mech- that are knonm to interact with transducin thus a decrease in signal in~ensity, for sepa- 
anism of GPCR acti~.ation. (3).  These results n-ere intei~reted in terms of rations less than about 25 .A. Electron para- 

Rhodopsin is one of the best characterized 
GPCR systems. Secondary structure models 
have been proposed oil the basis of biochem- Fig- 1. A secondary A B C D E F G  
ical, biophysical, and mutagenic data (Fig. 1 )  Of rho- 

dopsn shov~nc the po- ( 2 ) .  and the location of the membrane-aque- 
s~tions of cysteine suo- 

ous interfaces ha1.e been determined for soine stltutions 39 and 2i7 
of the hel~ces (3).  A model for the packing of ti-rough 252, black resl. 
the trans~nelnbrane helices has been derived dues), l n  rutants, the - -  - -  

frotn cr\.oelectr~II nli~ro~cop\. (4). alld native cysteines Cysl", 
Cysas CysS"', and 

C L, '2,,e1j, K, Yaig, IJ, C;, Kkorana, 3epattpei ts of C~sS2 '  \Idere substituted 
Bolog! and Chemistry Massach~setts r s t t u te  o'Tecth- \!~'th sernes (shaded res- 
i oogy  Car t r idge,  'VA C2139. LSA. d ~ e s ) .  Snge-etter atn- 
C, A1:entacti a rd  1'5:. L I J ~ t b e  I, J ~ e s  Stet- Eye 1ns:l:~re no acid abbre\/latlons 
a i d  Cepartren: o' Chemstrj, Un',:erslry of Ca1fori:a are Jsed (201, 7he sites 
Los At-ge es. CA 30C95-7008, LSA of V-8 proteoyss are n -  
Wese l t  addvess: Departrent of Bloctiemst-7 at-d Mo- dlcajed by arroi,vs, Note 
ec~lar  B'o ogy, Cregon Feath Scieices L~-";e"s'ty, Port- that after V-8  d~gest~on, 
at-d CP 972C1 LSA. 
..Preser-t address, Vernor~al Soar-KetteVlng Cancer rhcdoosin '"as c'ea"ed 
Cer:er I 275 York A\!eiue, \ev; York, KY a 0021 LSA, pr~rnafly ~ntc two large 
:-To ,:;-om correspoqdence shou d t e  addressed fragments, F' (-27 kD) and F2 1-13 kDj 127j. Ac ndcates acetyl. 
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