
mission is more efficient when signal-pro- 
ducing and signal-responsive cells have 
achieved a geometry that fivors side-to-side 
and end-to-end interactions between cells. 
This suggests that C-factor may function as 
a developmental timer to trigger sporulation 
only when multicellular aggregates have 
achieved the highest possible cell density. 
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Interphase and Metaphase Resolution of Different 
Distances Within the Human Dystrophin Gene 

Fluorescence in situ hybridization makes possible direct vkuakation of single se- 
quences not only on chromosomes, but within decondensed interphase nuclei, provid- 
ing a potentially powerful approach for high-resolution (1 Mb and below) gene 
mapping and the analysis of nuclear organization. Interphase mapping was able to 
extend the ability to resolve and order sequences up to two orders of magnitude 
beyond localization on banded or unbanded chromosomes. Sequences within the 
human dystmphin gene separated by <lo0 kb to 1 Mb were visually resolved at 
interphase by means of standard microscopy. In contrast, distances in the l-Mb range 
could not be ordered on the metaphase chromosome length. Analysis of sequences 100 
kb to 1 M b  apart indicates a strong correlation between interphase distance and linear 
DNA distance, which could facilitate a variety of gene-mapping efforts. Results 
estimate chromatin condensation up to 1 Mb and indicate a comparable condensation 
for &rent cell types prepared by different techniques. 

ONISOMPIC IN SITU HYBRIDIZA- 

tion procedures have been under 
development because of their 

greater speed and precision over widely used 
autoradiographic techniques (1,2). We have 
previously demonstrated fluorescence in situ 
hybridization methodology capable of de- 
tecting a few kilobases of single sequences in 
individual metaphase or interphase nuclei 
(3,4). This high hybridization efficiency and 
low background resulted from quantitative 
analysis of in situ hybridization parameters 

(3, 5) applied with the biotin-labeling tech- 
nique (2, 6). In addition to applications for 
chromosome mapping, previous work (3) 
demonstrated simultaneous resolution in in- 
terphase nuclei of two sequences within a 
single integrated viral genome separated by 
only 130 kb. This raised the possibility that 
metaphase and interphase analysis combined 
could allow physical gene mapping across a 
broad range of distances, encompassing 
those approachable by both genetic recom- 
bination (7) and pulsed-field gel electropho- 
resis (PFGE) (8). The work reported here is 

Depamnent of Cell Biology, University of Massachusetts 
Medical School Wornester, MA 01655. 

based on one-step detection- of relatively 
small genomic sequences (phage clones, 9- 

to 10-kb inserts) with standard fluorescence 
microscopy (9), without benefit of special- 
ized image processing and computer en- 
hancement techniques. 

A sequence may be rapidly localized in 
terms of its relative position along the length 
of unbanded chromosomes, as has been 
recently illustrated for chromosome 11 cos- 
mids (1 0). Cytogenetic banding techniques 
(including G, Q, or R banding) have been 
adapted for fluorescence mapping of several 
human genes (11, 12). Figure 1, A to C, 
provides a direct comparison of the localiza- 
tion of the human Blast-1 gene by different 
approaches. Although both fluorescence 
techniques provide improved precision and 
speed over autoradiography, fluorescence 
detection coupled with banding provided 
the most accurate and precise placement, 
independent of chromosome condensation. 
If measurements were restricted to longer 
(prometaphase) chromosomes, the range 
decreased substantially but not, in this case, 
to the point that it was quite as precise as 
banding. Moreover, measurements on long- 
er chromosomes placed the gene below the 
position derived by banding (Fig. 1, B and 
C). With banding techniques the gene was 
readily localized to a region encompassing 
approximately 5 to 7 Mb of DNA. Because 
banding tends to be time-consuming, we 
have worked toward rapid simultaneous vi- 
sualization by two-color fluorescence of 
bands with hybridization signals (Fig. 1D). 
Bromodeoxyuridine (BrdU) incorporation 
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intoG b a n d s w a s d d b y a d d i t i o n o f a  
fluominated antibody to the probe k- 
tion step and provides a rapid, convenient 
chmmommc identification (13). 

To address specifically whether metaphasc 
mapping (14) can be used in the 1-Mb 
range, as has been suggcstcd (lo), we used 
the large, well-characnrizcd human dystm- 
phin gene (15). Two probcs for seq- 
within the human dystmphin gene separat- 
cd by 1.1 Mb were s i m u l ~ u s l y  hybrid- 
ized to cycogaKtic pqacations of nonnal 
human lymphocytes. In 46% of metaphast 
figures, C S ~  in more c o n d d  mcta- 
phases, thcsc sequcnccs were raohrcd as two 
signalssepacatedacmssthewidthofd 
chromatid (Fig. 2 4 .  In the rest of the 
q h a = %  parti- on low duomo- 
somcs, the two signals coabad into onc. 
Analysis of 15 to 20 m c t a p h  for each of 
scvcral hybridizations (qcc?alting dis- 
tances of 125,375,500,675, and 750 kb) 
indicated that sequcnccs separated by 2400 
kbcouldbarelyberrsdvcdoncachdumna- 
tid of more contracted chmmmma. Both 
the kqucncy and configuration of "dou- 
blet" signals on the chromatid was artrrmcly 
variable and con--dcpcadcat. 
Hcncc, for the dystrophin gcnc, sequences 

scperatcdby1Mbwcrrnotraohrcdalong 
the c- length uld, thcrrfbrr, 
c o u l d n o t b e o ~ O d r a ~ t i ~ l l ~  
indicate that the practical limits of mcta- 
phase mapping may be dosa to a h 
mcgabescs (13, 16). The ability to orda 
dody linl;cd scqucnces on chromosomes is 
limited bccausc the chmmmmc width can 
encompass substantial lengdrs of DNA. 

Compktc mapping of the human gcnomc 
will-lvgtlyon-of=P-= 
nothcenwghlpvttobeordacdby 
dumnosome hybnidizaion. Our prrvious 
wok (3) and r#mt work by TnsL e~ al. 
showing intuphasc mapping of closdy 
sprrcdseqlmasinChincschvnstanudei 
(17) indicate the f h s i b i i  ofthis appcoac& 
Wenccdcdto;Isscsswhahcrawngcinma- 
phasedisrvlccwouMcomAatewidrliacv 
D N A d i s t u l c t , ~ i n t h e i m p o r P n t  
1Wkb to 1-Mb range, where the fblding 
and loopimg ofthe chromatin fiber (18, 19) 
might disffut this rehion. Hybridhation to 
twoscquarccswi th inthehuman~ 
p c s e p s u a t c d b y 1 M b w a s i n v ~  
withinnuckiofnonnalhumanpaiphcnl 
blood lymphocytes (PBLs). As quucd fix 
x c- W p r o a  hy- 
bridhiontomaleh/mphocyaspcoduceda 

Fig. 1.CompvisonofBlact-1gcncbc;rrliptioamcboda (A)Almmdb 
gmphicdacctionanGbandcdehranosamsarirha%-hWcddlNA 
prOa localized this gcac to lq21-lq23, as rcpomcd (11). [Rqhtcd h 
(11) with pamission, 81989 bckdkk  Univasin/ Prrss.1 (8) Fhrwrs- 
c ~ ~ ~ ~ m o n G b a n d e d c h n m r o s l w a ( 1 5 ~  - 

. . 
). Ivkcmh= 

m o r p h b b g y w u v i ~ i b l e w i t h ~ ~ p r r c i s ~ o a a  
gridofdleGiau.3a-staincddlllmcs&-staincd -cal fm- 
~ a n d t c h n a c s ~ u d r i c 6 r r r o o c p o i n ~ ~ ~  
wcataLFhybri~s igruls l ightty , th isU)-kbtarguwrcdclYfy  
dctectable.Dotssmallathanthoscin(A)waeuscdtorcoanmdncmrrt 
p r r c i c e ~ ~ o f - ~ - D e s p ~ ~ -  
~ t h 1 s g a ~ ~ d y ~ t o t h c 1 n t a f a a o f l q 2 1 d  
lq22. (C) Fluorcsccm dacceion on mbanded ehranosams (55 daamina- 
tions).~waclocllizpibymeasurancntTocorrarfbrchranoamc 
~ e r h & p o l n t w a s c l p r a s c d a s l s r b c o f t h c r b c h  
tchKrctosigaaltothctaalEhnrmasanclcngdLMclsurcrmus~ 
m d c ~ c n l v g a d p h a o g n p h s b y t w o ~ w i t h ~ ~  

single hybridization signal in 90% of nu&. 
A d h a i o n o f n u d d c o n & t w o  
sigtllls,gaKny.wclosdyspPoad,~ch 
rrprrsent GZ cells in which the scqucnccs 
haw bccn qlicatcd (20). In contrast to 
singk-site hybridhion, tvgctiag two s i t s  
~ b y l M b p r o d U C C d t w o p r e d s c ,  
~ ~ s i g n ? l s i n t h e m a j o r i t y o f  
nuclei (Fig. 2C). Paired probcs iw d a  
intends qnzscnting 125, 375, 500, 675, 
and 750 kb all produced readily raolvable 
paired imnph;rsc signals (Fig. 2D). In con- 
ast, hybridhion with two overlapping 
cosxnid dmcs (ErbB2) produced only one 
hybdhions ignal f ixdofthctwo 
dumnosome 17 homologs (Fig. 2F). 

To asses whaher mcasurrd haphase 
dispncccondatawithLnownDNAdis- 
tanu ofC1 Mb, we pafbmd blind a d y -  
scsonaxkdsarnpIcs.InitiaUyitwasdctcc- 
minCdthatsllllla(300and375kb)com- 
peredtolvga(675 and750kb) disanca 
could be discaMd by just a brief aamina- 
tion (5 min pa slide). For statisccal com- 
pisan,nudei~phaqmphcdanddis- 
t V K l C s b C t W C Q l p Q i r c d s i g n a l s ~  
hm negatives enlarged by projection (Fig. 
3, A and B). Thar is a nomdly distributed 
i n d  variation; howcva, the larger ava- 

with~baadsidcnrificdby~~iabq;por;;ltioaThkisasin~le~hobog;;ph, 
wirhartaomanrrcnhmaaaencord - aLcn with a siaelc dual-wave 
length film Cup.). One kbci;d chr; 1 is in &middle and 
~ a h a i s i n t h c u p p a r i g b t I n ~ h W c d ~ 6 h o u r s b c l b r r  
hpvcsdog, Ltc- DNA poduas a Gbmd pattan (26) 
d a c a i o l l w i t h a l l l m c s & ~ m n r c c m m d o n ? l P m i b o d y t o  
BrdU [-orBccmn Dkkbon, (13)]. H y y d a c a c d  
withTaasrarCPvidiaAlrhDughnardctaikdashrgb-- 
BrdUbaadsucnpidhighamagdsirrmlPneagwithhyb.ldmaan. . .- 
T h i c d r n r m v c m s ~ p o b S a m i n h c r c n e i n Q u M c a p o s u r c o r  
cOmplariPd9lpaimposidoa. 



age interphase distance for sequences scpa- 
rated by 675 or 750 kb (0.86 and 0.85 pm, 
respectively) comparcd to 375 kb (0.66 pm) 
is evident fiom the histograms and statisti- 
cally significant (P < 0.01). Consistent with 
their similar sizes, within the range of error 
of the PFGE analysts, 675 and 750 kb were 
not significantly &ecent. Analysis of aver- 
age interphase distance (Fig. 3B) demon- 
strated a strong correlation with DNA dis- 
tance. For the-range examkd,  the overall 
correlation approximated linearity; howev- 
er, this must represent a linear region of a 
curve with a decreasing slope. This is indi- - - 

cated by analysis of sequences separated by 6 
centimorgans (cM) (roughly 6 Mb), which 
were on average 2.81 pm apart, and se- 
quences 70 ~b apart, which were only 
separated by about 6 pm at interphase (21). 
Although more work is required in the 
range of several megabase, d t s  for the 1- 

Mb range indicate that the correlation is 
sutlicient to allow correct ordering of dis- 
tances di&ing by, conservatively, 150 kb. 
Accuracy would be enhanced by analysis of 
larger cell numbers or, possibly, by use of a 
highly homogeneous cell population. Im- 
portandy, the l-Mb distance measured in 
two Merent cell types (PBLs and GI-amst- 
cd WI-38 fibroblasts, Fig. 3B) yielded very 
similar inttrphase distances. 

The lower limit of resolution at interphase 
is clearly less than 100 kb, and s e v d  
observations indicate that sequences separat- 
ed by -25 kb are just at the limit of 
resolution of fluorescence miaosmpy (0.1 
to 0.2 pm apart). Hybdization with a 
probe fbr the human acardiac myosin 
heavy chain gcne (22) ficquently produced 
very d d y  p a i d  doublets (see Fig. 2F), 
presumably because of hybdkt ion  of se- 
quences within two highly homologous 

m. 2 Simultaneous hybridhion of two probes 1 Mb or less apart to q t o p d c  prrpantions of 
normal human lym- (A thmugh D and G) or prabmddchydc-fixed human fibrob+ 
detecd by fluorescein-avidin. Probes wac tested individually to lssurr h@ hybdmtion el fkhcy  
(80 m 90%) and *bk background. Or@d magni6catims are stated. (A and 8) Resolution of 
sequences across the width ofmetaphasc duomosomcs, x 3300. From two dystmphin probes separatad 
by more than 400 kb, two discrrte signals on either side ofthe chromatid axis are fiequcmly observed 
(A).Hybri~~withprobcsseparatedbysmallcr~~dtinon~s~~cadr 
chromatid (B), as docs single-probe hybridization. The dkance between signals on cach dvamadd is 
variable and related m the degree of chramosome codemation. (A) Probes 1050 kb apart, 845A2 and 
W14B. (B) Probes 125 kb apart, 16B2 and 24A2. (C) Inrnphasc nudeus of male PBLs showing 
hybridization m two dystrophin sequences separated by 1050 kb (probes 845A2 and W14B). 
Magnification x 1800. (D) Same as in (B) except sequences were s c p r a d  by 375 kb (probes 16B2 and 
30A1). (E and F) High resolution of sequences within interphase nudci of intact, prahrmaldehyde- 
fixed WI-38 fibroblasts (derived fiom a fanale), magnification ~ 2 5 0 0 .  (E) q.snophin sequences 
sepantcd by 675 kb (probes W14B and 16B2) are dearly resohmbk in -90% of nudei. (F) Very 
closely paired s i g d  arc frequently (-20%) observed with the a-cardiac myosin heavy chain probe, 
which is homologous m both the a and p myosin heavy chain genes on chromosome 14. (6) Lower 
magnification view of hybndization m two overlapping cosmid probes fbr the nru (& 
B2), magnification x 1400. Thc probes produce one large signal for each chromosome 17 homolog. 

Ta#e 1. Changes in padqing ratio (PR) with 
~DNAdisancc .ThePRisca lcu la tcdas  
the m a q h s e  dismnce (see Fig. 3) dividcd by 
lincvDNAdismnce.ThelincvdistvKcisdeter- 
minedfromtheknownnumbecofbascpairs 
(derived from PFGE) multiplied by 3.4 A per 
nuckotidc. 

DNA disancc (kb) 

genes, separated by -25 kb, and integrated 
viral sequences separated by 50 kb were 
often resolvable (23). Resolution of 5250 
kb has been mx&v well demonstrated for 
the %r locus of &ese hamster chromatin 
(17), and distances were fbund to cornlate 
with DNA distance in this range. Although 
small *es are more approachable by gel 
electrophoresis, it is potentidy important 
tbr ordering &rts that sequences o w  25 
to 100 kb apart are visuaUy distinguishable 
fbm overlapping (Fig. 2F). 

Scveral results conaibute new infbnna- 
tion conceming chromatin and nudear or- 
ganization. It k s  important to determine 
whether the unexpecnd resolution between 
closely spaced sequences was a consequence 
of the qmgexhc spreading methodology 
and methanol-acetic aad fixation. Compa- 
rable resolution was observed after hybrid- 
ization to intact monolayer fibroblasts, the 
nuclei of which had been preserved within 
the cytoplasm by padormaldehyde fixation, 
without prior swelling or flattening of any 
kind (Fig. 2, E and F). The l-Mb distance in 
two Merent types of n o d  diploid human 
cdls, PBLs and primary fibroblasts, exhibit- 
ed d b l y  similar condensation despite 
gross dilkences in nudear size and mor- 
phology (Table l), suggesting a fundarnen- 
tal level of chromatin packaging common to 
nuclei with apparently different higher orga- 
nization. Further evidence that our measuce- 
mcms d e c t  chromatin organization is that 
the condensation fbr a normal human gene 
at the 125-kb distance was approximately 
1:73, close to the 1:40 to 1:50 padraging 
ratio (PR) predicted fbr the 30-nm chroma- 
tin fiber (19). This is similar to previous 
meamamnts of condensation for integrat- 
ed viral DNA in human cells (3) and ham- 
ster DNA (17). The hybridization process 
may affect chromatin condensation; howev- 
er, - d t s  ace not inconsistent with estimates 
of overall condensation at interphase of ld 
or more (19) because the distance between 
dose seqdnces is less &ed by higher 
kvd fblcling. The PR increased with DNA 
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distance as the interphase chromatin fiber 
folds, up to 1 :  334 at 1 Mb (Table 1). Our 
analysis of sequences separated by -70 Mb 
on chromosome 1 indicated that the PR 
increased to 1 : 2000-1 : 3000. Since con- 
densation at 1 Mb is still small, the repeating 
unit of chromatin organization that estab- 
lishes the greater PR must involve signifi- 
cantly longer stretches of DNA. 

A B Fig. 3. Interphase analysis 

In metaphase chromosomes, sequences 
from 500 kb to 1 Mb apart frequently 
separate across the chromatid width, sug- 
gesting that the chromatin fiber may cross 
the chromatid axis, and may do so in rela- 
tively short stretches of DNA. This work 

of dystrophin sequences 
phage genomic clones 
(-10-kb inserts) (15, 27) 
representing the intervals in- 
dicated were obtained from 
L. Kunkel and hybridized 
using genomic DNA (9). 
The DNA distances are 
based primarily on estimates 
from PFGE which agree 
with work from other labo- 
ratories within 5 to 15% 
(28). (A) Histograms of in- 
terphase &stances withtn in- 
dividual nuclei of PBLs. A 
minimum of 35 nuclei was 
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describes the visualization of re~licated "sis- 

0.0 
scored from randomly se- 

0.5 lected, coded photographs. 
0 DNA distance (Mb) The histograms suggest a 

normal distribution curve with a defined peak. Interphase 
10 distance was not found to correlate with nuclear diameter. 

Nuclei showing only one hybridization signal (approximately 
10 to 20%) were not included (29). At the distance studied, 
the paired signals were almost all >0.4 pm apart, well above 

5 the resolution of the fluorescent microscope (0.1 to 0.2 pm). 
(B) Average interphase distance for dystrophin sequences, * 
SEM. All points determined in normal PBLs, except the 1-Mb 
distance was determined in both PBLs (circles) and primary 

0 G,-arrested WI-38 fibroblasts (triangle). Solid symbols (35 to 
0.0 0.4 0.8 1.2 1.6 2.0 60 nuclei) and open circles (16 to 20 nuclei). Examples are 

Interphase distance (pin) shown in Fig. 2. Initial measurements were in millimeters 
from negatives projected at x6400 and distances presented in 

micrometers represent actual distance. The curve derived by third-order regression from PBL data is 
presented for emphasis. Although a linear relation is generally seen in this size range, the larger picture 
would predict a curve with gradually decreasing slope, as suggested by other observations for smaller 
(25 to 30 kb = 0.1 to 0.2 pm) and larger (6 cM, roughly 6 kb = 2.81 pm; 70 Mb = 6 pm) distances. 

-- 

-- 

-- 

0 . 5 - : : : : ; : : : : ; :  

ter chromatin" genes closely aligned within 
S/G2 interphase nuclei (20), consideration of 
which is essential for interphase mapping 
and which also demonstrates an approach 
for precise timing of specific gene replica- 
tion within single cells. Finally, this work 
shows that for three genes the homologous 
sequences are not somatically paired within 
ly~phocytes or fibroblasts (Fig. 2, E, F, and 
G). 

For human genetics, these results, togeth- 
er with other work (3, 10, 17), demonstrate 
that fluorescence in situ hybridization can 
extend beyond a powerful approach for 
chromosome mapping, comparable in reso- 
lution to somatic cell genetics with deleted 

chromosomes, to a qualitatively different 
technology which compares with the fine 
structure resolution of PFGE (8). For many 
applications, detailed quantitative analysis 
would not be required, since brief micro- 
scopic inspection is sufficient to distinguish 
between sequences resolvable along the 
chromosome length versus more tightly 
linked sequences resolvable only at inter- 
phase, or between interphase distances dif- 
fering by a few hundred kilobases. More- 
over, sequence order can be directly ascer- 
tained from the configuration of three or 
more signals within interphase nuclei, as 
previously demonstrated using intensity 
"double-label" (3). Currently, two-color de- 
tection of digoxygenin and biotin labels is 
being used for sequence ordering after si- 
multaneous hybridization of three probes 
(13, 24). 
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Conserved Sequence and Structural Elements in the 
HIV- 1 Principal Neutralizing Determinant 

The principal neutralizing determinant (PND) of human immunodeficiency virus 
HIV-1 is part of a &sulfide bridged loop in the third variable region of the external 
envelope protein, gp120. Analysis of the amino acid sequences of this domain from 
245 different HIV-1 isolates revealed that the PND is less variable than thought 
originally. Conservation to better than 80 percent of the amino acids in 9 out of 14 
positions in the central portion of the PND and the occurrence of particular 
oligopeptide sequences in a majority of the isolates suggest that there are constraints 
on PND variability. One constraining influence may be the structural motif (P 
strand-type I1 P turn-p strand-< helix) predicted for the consensus PND sequence 
by a neural network approach. Isolates with a PND similar to the commonly 
investigated human T cell lymphoma virus IIIB (HTLV-IIIB) and LAV-1 (BRU) 
strains were rare, and only 14 percent of sera from 86 randomly selected HIV-1 
seropositive donors contained antibodies that recognized the PND' of these virus 
isolates. In contrast, over 6 5  percent of these sera reacted with peptides containing 
more common PND sequences. These results suggest that HIV vaccine immunogens 
chosen because of their similarity to the consensus PND sequence and structure are 
likely to induce antibodies that neutralize a majority of HIV-1 isolates. 

T HE PROGRESS OF HIV-1 VACCINE 

development has been impeded by 
the amino asid sequence variability 

among different isolates of HIV-1. This 
variability is particularly high in the external 
envelope protein, gp120, which is the pri- 
mary target for antibodies that neutralize 
virus infectivity (1-3). The PND of gp120 
lies within a loop formed by a disulfide 
bridge between two invariant cysteines at 
positions 303 and 338 (4-7). Polyclonal 
antisera elicited by peptides of the PND, as 
well as monoclonal antibodies that bind the 
PND, neutralize virus infectivity (4, 5, 7-9), 
and PND peptides absorb most of the neu- 
tralizing antibodies elicited by gp120 or its 
precursor, gp160 (4). The PND is one of 
the more variable regions of the envelope 
and differs by as much as 50% among HIV- 
1 isolates (10). Because of this variability, 
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neutralizing antibodies elicited by the PND 
from one isolate generally do not neutralize 
isolates with PNDs of different amino acid 
sequence (4). To develop a vaccine that 
elicits antibodies that neutralize a majority 
of HIV-1 isolates by binding to the PND, it 
is necessary to analyze PND sequences from 
a large number of HIV-1-infected individ- 
uals. 

T o  obtain the PND sequences, we collect- 
ed peripheral blood mononuclear cells 
(PBMCs) from 133 HIV- 1-infected donors 
and cocultured these cells for 14 days with 
uninfected PBMCs (113 donors) or with 
H 9  or CEM cell lines (20 donors) (1 1). The 
HIV-1-infected PBMCs were obtained 
from 95 randomly selected U.S. Air Force 
personnel from diverse geographic locations 
or from 38 infected persons in seven major 
U.S. cities and are likely to be representative 
of HIV-1 isolates from the United States. 
Donors were chosen irrespective of clinical 
symptoms. ,. L "  

&$oration, cambridge, A 02139. c in or PBMCs were cultured with unin- 
J. P. Davide, J. A. Waterbury, J. A. Lewis, E. A. Emini, 
Merck Sharp & Dohme Research Laboratories. West fected PBMCs rather 
Point, PA 19486. than defective virus genomes. (Similar se- 
K. Weinhold, A. J. Langlois, P. Shadduck, D. P. Bolo Uence results were obtained when PND nesi, T. J. Matthews, Department of Sur ery, D& q 
University Medical School, Durham, NC 2A10. sequences were determined from unampli- 
G. R. Dreesman, BioTech Resources, Inc., San Antonio, fied virus cultures.) ~~~~l cellular DNA was TY OQ7AO 
AX. ,""A,. 

R. N. Boswell, De artment of Medicine, Wilford Hall, extracted, and the region encoding the PND 
US. Air Force Meical Center, Lackland Air Force Base, was amplified by the polymerase (hain reac- TX 78236. 
M. Karplus and L. H. Holler, Department of Chemistry, tion (PCR) with oligonucleotide primers 
Harvard University, Cambridge, MA 02138. that hybridize with conserved flanking se- 
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