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Isolation of Human Transcribed Sequences from 
Human-Rodent Somatic Cell Hybrids 

A method was developed for selectively isolating genes from localized regions of the 
human genomethat are containedin interspecifichybrid cells. Complementaryhuman 
DNA was prepared from a human-rodent somatic cell hybrid that contained less than 
1%human DNA, by using consensus 5' intron splice sequences as primers. These 
primers would select immature, unspliced messenger RNA (still retaining species-
-@c repeat sequences) as temp~ates.-Saaminga cGiwd complementaryDNA%-
for human repeat sequences resulted in the isolation of human clones at the anticipated 
fbquencywith characterkticseqxcted ofexonsoftranscribedhuman g e n ~ i n g l ecopy 
sequences that hybridized to discretebands on Northern (RNA) blots. 

HUMAN-RODENT SOMATIC CELL 

hybrids are often highly reduced 
for human genomic content, with 

the human fraction representing<1% of the 
total DNA. Regions of the human genome 
may be isolated by screeningDNA libraries 
made from such hybrids for human-specific 
repetitive sequences. Whereas this has been 
an important step in reverse genetic ap-

thesis will proceed copying the adjacent 5' 
exon and then into the next 5' intron, which 
may contain a repeat sequence. Cloning of 
this cDNA population results in a library in 
which human repetitive sequences are pres-
ent in clones representing structural gene 
transcripts. 

We used a human-Chinese hamster ovary 

(CHO) cell hybrid (20XP3542-1-4) con-
mining the region of human chromosome 
19qthat carries markers closely linked to the 
myotonic dystrophy gene (DM) (2). The 
human DNA content in the hybrid was 
determined to be approximately 25 Mb 
(<1% of total genomic) by slot blot analysis 
(3). Chromosomal mapping of human ge-
nomic DNA clones obtained from cosmid 
libraries made with the hybrid DNA indi-
cates approximately one-half of the human 
DNA to be from the DM region of human 
chromosome 19q, with much of the remain-
der DNA from a portion of chromosome 17 
(4). A cDNA library was constructed from 
this line by established procedures (5)modi-
fied according to the strategy outlined 
above. To selectively use hnRNA as tem-
plate, as opposed to mature mRNA, and to 
enrich for coding sequences, we used hex-
amers complementary to the 5' splice site as 
primers. Because of sequence divergence of 
the 5' splice site, four hexamers were used 
that represent the majority of the 5' splice 

proaches to the -cloning of b~omedicai~ 
important genes, subsequent identification C 

C 8 9 1 0 '  
of the genes themselves has proven problem-
atic. Preparation of cDNA libraries from 
mature mRNA produced by such cells, "' 

though direct, is not helpful because the 
repeat sequences that are needed to detect 3.2 
the low percentage of clones containing 
human sequences-are primarily located i i  + ,  

introns (which are removed during RNA 
message maturation) (1). 

We have developed a strategy using im-
mature transcripts (hnRNA) as templates 
for cDNA synthesis. Many such cDNAs 
would contain exon coding sequences as 
well as introns with human repeat se-
quences. To enrich for cDNA transcripts of 
hnRNA in a total RNA population, we 
began cDNA synthesis with consensus 5' 
splice sequences as primer. Such a primer 
will initiate cDNA synthesis at the 5' end of 
an intron (present in hnRNA but not ma-
ture mRNA). Complementary DNA syn-

Dcpamnent of Molrmlar Genetics, The University of 
Texas, M. D. Anderson Cancer Cenfcr, Houston, TX 
77030. 

*To whom correspondence should be addrrssed. 

~ i c din ' 
ane C, 
human 
iplcs in 
:onrain 
s from 
adc. l'utaril 
tal human I 

L --A. 

Flg. 1. Characterization of .,,,..-.. 
cDNA cloncs. (A and B) Soud~emblot 
analysis of clonc H4. (Cand D) South-
ern blot analyses of clones 4-6 and 4-3. 
respectively. (E)Northern blot hvbrid- , lu ... 
ized \\pith clone 4-6. Samples L 
the study are: lane H, HcLa; I 285 

CHO; lanes 1 to  16, CHO x 
somatic cell hybrids. Hybrid saw 185 
lanes 3 (A and El, 11. and 16 i 
20SP3542-1-4 DNA-thc cell 
which the cDNA libran was m, .c human c icd 
bv screening rhc libran \virh to1 3NA. Thc I 1. 
and separated hy agarosc gcl clc~rru~~nurusis.Inscrt ballus n r - r L  r x ~ ~ x u~ I I L I~,.-rr \*.I:. muraLcu ,tom 
agarosc by the squeeze-freeze method (12). Inscrt DNA \vas labclcd \\.ith a random prime labcling kit 
(Arncrsham). For both Southcrn and Northern blots, probc DNAs were hybridized with a molar csccss 
of shcarcd human placental DNA to block hybridization hy the rcpctitivc rcgion of thc probe (1.3). The 
Southern blot hybridization was performcd according to h a s i n o  (14).For the blot shown in ( B ) ,  rhc 
last two u.ashcs nnercdonc at 60°C, instcad of the usual 65°C. to  enhance the cross hyhridi7ntiorl to 
CHO DNA. Gel separation of p ly(A) '  KNA. Northern blot tr filtcr hybridization ~vcrc 
done by standard proccdurcs (1.5). 
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Table 1. Characterization of 5' splicc site-primed cDNA library cloncs isolatcd after hybridization to 
total human DNA. Human chromosomal assignment was done by concordant scgrcgation analysis on 
hybrid clone panels characterized for and informative for every human chromosome (2).U, unlu~own 
human chromosomal assignment. 

Crosslnsert hybridize<:lone size 
with C H O  

(kb) DNA 

site scclucnccs (6): CITACC, 50%; 
CTCACC, 30%; CCTACC, 10%; and 
CCCACC, 5%.The relative fraction of cach 
hexamer used in the primer mixture is indi- 
cated by thc percentage, which is roughly 
proportional to the frequency of its occur- 
rcncc in scqucnced gencs. 

Approximately 800,000 cloncs of thc li- 
brary wcrc plated and scrcened with labeled 
human total genomic DNA. Approximately 
400 positivc signals were detccted. Thirty 
positive samples were randomly selected and 
subjected to a second round of screening, 
and 20 indcpcndcnt human-positive clones 
were idcntificd. Therefore, we would pre- 
dict that approximately 275 human cloncs 
(213 of 400) were obtaincd from a library of 
800,000 clones (for a frequency of 0.03%) 
dcrivcd from a hybrid cell line containing 
<1% human DNA. This is consistent with 
our observation that clones containing 
CHO rcpetitive sequcnccs wcrc identified in 
the library at a frccluency of 3% (1% of 3% 
is 0.03%). Digestion of purified plasmid 
DNA from thcse clones with Pst I followed 
by aagrose-gel separation of fragmcnts indi- 
catcd an averagc inscrt DNA sizc of approxi- 
~natcly1 kb. The inscrt size aEccted thc 
numbcr of clones containing repctitivc se- 
qucnccs sincc <25% of cloncs having an 
average inscrt sizc of 1 kb would bc cxpcctcd 
to haie rcpetitive sequences [on avcragc one 
repeat scclucnce occurs in cvcry 3 to 4 kb of 
human DNA (7)]. 

Nine of the 20 vutativc human cDNA- 
containing plasmids were further analyzed, 
and the rcsults arc summarized in Table 1. 
All nine clones contained human unicluc 
scquences, in addition to repetitivc se-
quences, since they hybridized to spccific 
Hind I11 fragmcnts in HcI,a DNA after 
Southern (DNA) analysis at high stringency 
(for example, clone H 4  in Fig. 1A). Whcn 
tested against a characterized hybrid clone 
panel (Z),thc uniquc scquences identified by 
all nine cloncs scgregatcd concordantly with 

Hybridization 
Humanwith mature 

chromosomalIWA from 
20XP3542- 1-4 assignment 

the human chromosome (17 or 19) seg- 
ments present in the hybrid from \vhich the 
library was dcrivcd (Table 1). At a slightly 
lower stringency of hybridization, two 
cloncs (H4 and 4-6) hybridized to CHO 
fragments. Since a full complement of CHO 
chronlosonles arc prcscnt in all members of 
thc hybrid clone panel, thosc bands wcrc 
also present in all hybrids (for example, Fig. 
1, B and C). Such cross hybridization is 
indicative of evolutionarily conserved cod-
ing sccluc~~ccs ( 8 ) .  

Clonc 4-6 identified threc CHO Hind 111 
fragments as well as hybridizing to the ex- 
pected repctitive background in HcLa DNA 
and three human gcnomic fragmcnts at 6.6, 
4.6, and 1.7 kb (Fig. 1C). The three CHO 
bands were present in DNA from all hybrid 
cells, whereas the human bands scgrcgated 
independently of cach othcr, indicating their 
location on  different human chro~nosonlcs. 
This suggcsts that clone 4-6 recognizes 
members of a genc family or a genc that has 
homologous sequenccs (perhaps pseudo- 
gencs) scattered on othcr chronlosomcs in 
the genome. Its origin from a transcribed 
portion of the human component of 
20XP3542-1-4 is supported by the fact that .. 

the most intensely hybridizing fragment (at 
4.6 kb) is the only human band in 
20XP3542-1-4 (Fig. lC, I ~ n c  11) and scgrc- 
gated concordantly with human chromo-
some 19 in the hybrid clonc panel. The 1.7- 
kb band scgrcgatcd with chromosome 6, 
\vhereas the "asable intcnsity of the band at 
6.6 kb prccluded its assignment at this time. 
Clone 4-3 is typical of onc that identifies 
unique scqucnces only in human DNA (9.1- 
kb band in Fig. 11)). It also idcntified a 
fragment that segregated with human chro- 
mosome 19 (Table 1 ). 

As sholvn on the Northcrn (KNA) blot in 
p'mel E, clonc 4-6 idcntifics transcribed 
scciuences of approxi~natcly thc same molec- 
ular size in HeLa (weak), CHO, and 
20XP3542-1-4 cclls. The similar level of 

intensity of hybridization in thc hybrid and 
CHO cells compared to Hc1,a is not unex- 
pected considering that thc hybrid and 
CHO cells havc diferent expression charac- 
teristics than He1,a cclls. Similar patterns of 
positive Northern blot hybridization wcrc 
obtaincd with clones 4-3, H4, and 4-4 when 
tested against polyadenylatcd [poly(A)+] 
RNA extractcd from 20XP3542-1-4. Al- 
though these results might suggest that the 
clones are CHO c1)NAs isolated because of 
some level of homology bctwccn human and 
hamster repeat sequences, the Southern 
blots show thcm to be of definite human 
origin. Evidence for this is that prehybridi- 
zation of probcs with total human DNA 
hiled to completely block repctitivc back- 
ground signal in samples containing human 
chromoso~nes (HcLa and hybrid) and dc- 
tected no rcpetitive signal in CHO controls 
cven though there was n o  attempt to block 
putative hamster repcat sequences in the 
probc. It is also improbable that clones of 
CHO origin would hybridize to thc 25 Mb 
of human genomic DNA (representing only 
11300 of the human genome) present in 
20XP3542-1-4 as did all nine cloncs studied 
(for example, samples 3, 11, and 16 rcprc- 
scnting cloncs H4, 4-6, and 4-3, respective- 
ly, in Fig. 1). 

Therefore, all ninc cloncs originated from 
human chron~osomal regions known to be 
present in the hybrid from which thc library 
was made, and four of them represent rc- 
gions found in maturc transcripts. Thc fact 
that five of the clones did not hybridize to 
Northern blots might be due to the short 
length of a putative exon or to random 
priming from introns during cDNA synthc- 
sis. However, since avcragc intron length is 
at lcast eight times that of exons ( 9 ) ,our 
observation that four of nine of the unique 
sequcnce clones detect mature transcripts 
supports enrichment for cDNA synthesis 
initiating at 5' splice junctions in hnRNA. 

This technically simple but highly etticicnt 
method of isolating species-specific tran- 
scribed sccluenccs from somatic ccll hybrids 
should be uscful in producing probes for 
identi5ing mature transcripts of gencs rcp- 
resentcd in appropriate libraries. Sincc a 
computer bank scarch indicates that approx- 
imately half of all 5' splice sitcs are identical 
to the sequcnccs uscd as primer for first- 
strand cI>NA synthesis, and since cstimatcs 
indicate that gencs with introns likcly con- 
tain at least one rcpetitive element ( lo ) ,the 
expectation is that a segment of most ex- 
pressed genes can be obtaincd with this 
procedure. At present thc approach is limit- 
ed to the isolation of probcs for genes 
actually transcribed in thc cultured hybrid 
ccll. Human gencs on the chromosomal 
scgment isolated in the hybrid cell that arc 
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not normally expressed in that cell type [for 
the form of creatine 

a gene present in the hybrid cell line used 
here (2)) would not be expected to be so 
expressed. However, this procedure, 
bined with somatic cell genetic technologies 
in which c~romosomesin one cell type are 
moved into cells with different ex~ressional 
characteristics (11) extend its useful. 
lless other genes in the cllromosomal 
region being studied. 
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Tonic Activation of NMDA Receptors by Ambient 
Glutamate Enhances Excitability of Neurons 

Voltage clamp recordings and noise analysis from pyramidal cells in hippocampal slices 
indicate that N-methyl-D-aspartate (NMDA) receptors are tonically active. On the 
basis of the known concentration of glutamate in the extracellular fluid, this tonic 
action is likely caused by the ambient glutamate level. NMDA receptors are voltage- 
sensitive, thus background activation of these receptors imparts a regenerative electri- 
cal property to pyramidal cells, which facilitates the coupling between dendritic 
excitatory synaptic input and somatic action potential discharge in these neurons. 

IT IS GENEKAL1,Y AC<:EPTEI) THAT THE 

excitability of neurons is controlled by 
two processes: voltage-gated conduc-

tances intrinsic to the neuron and extrinsic 
influences imposed by neurotransmitters 
(1). In most cases the neurotransmitter is 
released phasically by depolarization of the 
presynaptic terminal and is quickly removed 
from the extracellular space by either rapid 
uptake or enzymatic degradation. However, 
the neutrotransmitter glutamate is present in 
cerebrospinal and extracellular fluid at con- 
centrations from 1to 50 yM (2); this is well 
within the concentration range known to 
activate the NMDA subtype of glutamate 
receptor in cultllred hippocampal neurons 
(3),  suggesting that the NMI)A receptor 
might be tonically active. However, the 
concentration of glutamate in close proximi- 

1'. Sah, Departoicnt of Pharoiacology, Universin. of 
California, San Francisco, San Francisco, CA 94143. 
S. Hcstrin, Dcpartnient of Physiology, University of 
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ty to the NMI)A receptor is not known. 
Furthermore, thus far, the activation of 
NM1)A receptors in the absence of synaptic 
stinl~~iationhas not been reported. Using 
both conventional recording techniques in 
400-ym-thick slices and whole-cell record- 
ing techniques in thin slices of hippocam- 
pus, we tested the possibility that endoge- 
nous resting levels of glutamate exert a tonic 
action on hippocampal pyramidal cells and 
also examined what role such an action 
might have on the functioning of these cells. 

Standard procedures were used to prepare 
and maintain 400-~m-thick slices of hippo- 
campus (4). The techniques for whole-cell 
recording from thin slices were similar to 
those used by Edwards ct  0 1 .  (5). Hippocam-
pal slices were held down by a net construct- 
ed of nylon filaments and a piece of flattened 
platinum wire on the stage of an upright 
microscope and were visualized with No- 
marski optics. The CA1 pyramidal cells were 
voltage-clamped in the whole-cell configura- 
tion with a patch clamp amplifier (List 
Electronics, Ihrmstadt, West Germany). All 
drugs were added directly to the bath. Data 
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were collected on-line with a 1'DP 11com-
puter. For noise analysis, data were filtered 
at 1 kHz and digitized as 2048-point sam- 
ples at 2 kHz. All Lorentziacls were fit to the 
data with a nonlinear least squares algo- 
rithm. 

We first used the selective NMI)A antag- 
onist u1.-2-amino-5-phosphonovalerate 
(APV) ( 6 )  to look for an APV-sensitive 
current in pyramidal cells with conventional 
thick slices. Tetrodotoxin was added to the 
superfusing medium to block Na' currents, 
and the recording microelectrode was filled 
with 3M CsCl to block I<' currents. Using 
single-electrode voltage clamp at -35 mV, 
we added APV (50 yM), which resulted in a 
net outward current (Fig. 1A) ( [ I  = 6). In 
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Fig. 1. APV-induced ounvard currents. (A) 
Membrane currcnt was induced by thc application 
of 50 pM nr.-hPV in the bath, as indicated by the 
bar. The holding potential was -35 mV. (B) 
Current-voltage (I-1/1 relations obtained by sub- 
tracting the rnc~nbra~lc currcnt gcncratcd by a 
slow ramp of membrane potential (4snV1s) in the 
absence of APV from that obtained in the prcs- 
cncc of APV. The I-V cunTcs have bee11 shifted 
along the currcnt axis to set the APV-sensitive 
currcnt to 0 pA at -85 mV. Each rypc of symbol 
represents data from a different cell. Since the cells 
were filled with Cs+ ions it is quite likely, due to 
space clamp problems, that the membrane poten- 
tial at sites remote from the soma were less than at 
the soma. 
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