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Interferon-P-Related DNA Is Dispersed in the Human Genome 

Abstract. Interferon-@1 (ZFN-PI) complementary DNA was used as a hybridization 
probe to isolate human genomic DNA clones AB3 and AB4 from a human genomic 
DNA library. Blot-hybridization procedures and partial nucleotide sequencing 
revealed that AB3 is related to IFN-PI (and more distantly to IFN-al).  Analyses of 
DNA obtained from a panel of human-rodent somatic cell hybrids that were probed 
with DNA derived from AB3 showed that AB3 is on human chromosome 2. Similar 
experiments indicated that AB4 is not on human chromosomes 2, 5 ,  or 9. Thejinding 
that DNA related to the IFN-PI gene (and IFN-al  gene) is dispersed in the human 
genome raises new questions about the origins of the interferon genes. 

A single human interferon-@ (IFN-@) 
gene located on human chromosome 9 
(designated IFN-PI) ,  a cluster of IFN- 
al-hybridizing genes on chromosome 9, 
and a single IFN-y gene on chromosome 
12 have been identified and character- 
ized (1). Other studies of human IFN-P 
production and studies of lengths of 
translationally (and biologically) active 
human IFN-@ messenger RNA (mRNA) 
that can be expressed in appropriately 
induced human-rodent somatic cell hy- 
brids have indicated that functional IFN- 

@ genes are present on human chromo- 
somes 2, 5, and 9 (2, 3). Using full- 
length, sequence-confirmed IFN-PI 
complementary DNA (cDNA) as a hy- 
bridization probe, we isolated two hu- 
man genomic DNA clones, AB3 and hB4, 
from a human genomic DNA library in h 
phage Charon 4A (4). The relatedness of 
XB3 and XB4 to IFN-PI was confirmed 
by additional hybridization tests and, in 
the case of AB3, by partial nucleotide 
sequencing. We have now used blot- 
hybridization procedures to  assign XB3 
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LysPheCysThr Glu LeuTyrGlnGlnLeuAsn AspLeuGlu 

IFN-al A A A T T C T G C A C C - - G A A - - - - - - - C T C T A C C A G C A G C T G A G G  
*** * *** ** *** ** * ******* **** * *  ***  

XB3 AAAGTGTGCTCCCTGAA--------TC-AGCAGCAGCAGAC-ACCTGG 
* * ******* * ***  ******* *** * * *  

IFN-B1 ACA------TCCCTGAGGAGATTAAGC-AGCTGCAGCAG--TTCCAGAAGG 
Asp I l e  ProGluGluI leLys GlnLeuGlnGln Phe GlnLysGlu 
39 5 3  

Fig. 1. An example of nucleotide sequence relatedness between AB3, IFN-a, and IFN-PI. (A) 
Schematic restriction maps of AB3 and hB4. The restriction sites are: B, Bam HI; Bg, Bgl 11; E, 
Eco RI; H, Hind 111; Hc,  Hinc 11; P, Pst I; and X, Xba I. Only those sites that can be clearly 
identified are indicated. The origins of the various relevant subclones are also shown. The origin 
of the 105-nucleotide pPP-105 subclone of hB3 has not yet been unambiguously determined. (B) 
The nucleotide sequence of a portion of the pPB-750 area in the map of AB3 compared with the 
nucleotide and amino acid sequences of IFN-a, and IFN-Pl (1, 9, 10). Asterisks indicate 
nucleotide matches. Amino acid residue numbers correspond to those for the mature proteins. 

to human chromosome 2. In similar ex- 
periments, we found that XB4 is not on 
human chromosomes 2, 5, 9, or 12. 

Interferons have customarily been 
classifed as a ,  @, or y on the basis of 
their antigenicity and the relatedness of 
their nucleotide sequences (1). For  ex- 
ample, IFN-a  and IFN-@ proteins are 
not neutralized by antiserums to each 
other, and IFN-a l  cDNA probes do not 
cross-hybridize with IFN-PI DNA [the 
relatedness of their nucleotide sequences 
is only 43 percent (I)]. We discovered 
that hB3 DNA straddles the IFN-a and -P 
systems. Although AB3 appears (by se- 
rology) to represent an IFN-P gene locat- 
ed on chromosome 2, it cross-hybridizes 
with IFN-PI cDNA (strongly) and IFN-al  
DNA (weakly). The discovery of DNA 
that straddles the IFN-a and IFN-@ gene 
families dispersed in the human genome 
adds a new dimension to the description 
of the human interferon system. 

The inference that there are a number 
of distinct human IFN-@ genes was sup- 
ported by the detection of translationally 
active (in Xenopus laevis oocytes) hu:' 
man IFN-@ mRNA species of different 
lengths; the IFN-P mRNA species were 
detected by subjecting polyadenylated 
RNA obtained from induced human and 
human-rodent somatic cell hybrids to  
electrophoresis through agarose-methyl 
mercury gels (3, 5). These studies pro- 
duced data consistent with the earlier 
assignment by others (I) of the 0.9-kilo- 
base (kb) IFN-PI mRNA to chromosome 
9 and suggested the assignment of the 
1.3-kb IFN-P2 mRNA to chromosome 5 
and 1.8-kb IFN-PI mRNA to chromo- 
some 2. Additional translationally active 
IFN-@ mRNA species of lengths 0.35, 
0.65, 3, 5, and 8 kb have since then been 
detected in both induced human lympho- 
blastoid and fibroblast cells (5). 

We isolated three distinct human ge- 
nomic DNA clones from a human ge- 
nomic DNA library in h phage Charon 
4A that cross-hybridized with IFN-PI 
cDNA (4). Two of these (AB3 and AB4) 
are distinct from each other and from the 
IFN-PI gene, although they both strong- 
ly cross-hybridized with IFN-PI cDNA. 
Blot-hybridization tests indicated that 
poly(1) poly(C)-induced (I, inosine; C, 
cytosine) human diploid fibroblasts can 
contain polyadenylated RNA species 
1.8, 3, 5, and 8 kb long that hybridize 
with hB3 DNA and a 12-kb species that 
hybridizes with XB4 (4). These data sug- 
gested that AB3 DNA may reside on 
chromosome 2 and correspond to the 
1.8-kb IFN-p3 mRNA. We tested this 
possibility with blot-hybridization analy- 
ses of DNA derived from a panel of 
human-mouse and human-hamster so- 
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matic cell hybrids; for these analyses, a 
650-nucleotide DNA fragment derived 
from XB3 and subcloned into pBR322 
(pPE-650) was used as a hybridization 
probe. 

That AB3 is related to IFN-pl has been 
confirmed by (i) nucleic acid hybridiza- 
tion (see Fig. 2 and lane 1 of Fig. 3 for 
examples) and (ii) partial nucleotide se- 
quencing, which reveals sequence ho- 
mology between several sections of XB3 
and sequences coding for the IFN-PI and 
IFN-al proteins. Figure 1A shows a 
schematic restriction map of AB3, and 
Fig. 1B illustrates the nucleotide se- 
quence of a portion of the area designat- 
ed pPB-750 in the map. This nucleotide 
sequence is homologous to both IFN-al 
and IFN-PI. Protein domains containing 
amino acids 45 to 50 and 90 to % are 
highly conserved between the IFN-PI- 
and the IFN-al-related genes. The nu- 
cleotide sequence of AB3 in the region 
illustrated in Fig. 1B is approximately 90 
percent homologous with the nucleotide 
sequences of the well-known a and p 
interferons (when both IFN-al and IFN- 
pl are simultaneously included in the 
comparison); the homology is approxi- 

Table 1. Assignment of AB3. Hybrid lines 
with inconclusive karyotype and isozyme 
data for a particular chromosome are not 
included. Symbols indicate the presence (+I) 
or absence (-I) of hybridization signal as 
related to the presence (I+) or absence (I-) of 
a particular human chromosome. The number 
of concordant responses is the sum of the +I+ 
and -1- responses; the number of discordant 
responses is the sum of the +I- and -I+ 
responses. 

Hu- Number of hybrids of 
man showing response 
chro- dant to 
mo- total re- 
some +/+ -I- +/- -/+ sponses 
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mately 75 percent with the sequence of 
IFN-al alone and approximately 60 per- 
cent with the sequence of IFN-pl alone. 
In blot-hybridization experiments, sev- 
eral restriction enzyme fragments of XB3 
strongly hybridized with an IFN-PI 
cDNA probe but showed relatively weak 
(but clear) hybridization with an IFN-al 
cDNA probe (Fig. 2). This observation is 
consistent with nucleotide sequence data 
(adding up to approximately 6 kb of 
sequence), indicating that XB3 may be 
more closely related to IFN-pl than to 
IFN-al and that these regions of homolo- 
gy are scattered over large distances in 
XB3. Similar blot-hybridization results 
have been obtained with XB4 (not 
shown). Under the conditions of these 
phage blot-hybridization experiments 
there is no detectable cross-hybridiza- 
tion between a coding-region IFN-al 
cDNA probe and a coding-region IFN-pl 
DNA piece (not shown), even though the 
two coding-region DNA segments used 
are distinctly related (approximately 43 
percent relatedness between the nucleo- 
tide sequences) ( I ) .  

Appropriate XB3-derived DNA probes 
also hybridize polyadenylated RNA of 
lengths 1.8 (IFN-p3), 3, 5, and 8 kb 
obtained from poly(1) poly(C)-induced 
human diploid fibroblasts (FS-4 strain). 
Transcripts of these lengths show antivi- 
ral interferon-p activity (by serologic 
typing) after microinjection into Xeno- 
pus oocytes (3, 5). Furthermore, XB3 
and AB4 are related to each other be- 
cause DNA probes derived from XB3 
cross-hybridized with AB4, and vice 
versa, in blot-hybridization analyses of 
phage DNA digests under low-stringen- 
cy conditions (not shown). 

The AB3 DNA probe pPE-650 hybrid- 
ized with a 13-kb Eco RI fragment (Fig. 
3, lane 2) and a 5.6-kb Bam HI fragment 
(not shown) in digests of total human 
DNA analyzed in blot-hybridization ex- 
periments. [In experiments in which to- 
tal human DNA digests are probed for 
unique DNA sequences under high-strin- 
gency conditions, XB3 and AB4 DNA 
probes do not exhibit detectable cross- 
hybridization with each other or with 
other related DNA sections because 
these hybridizations do not reach the 
high values of Cot (C,, DNA concentra- 
tion; t, time) that can be reached when 
blots of pure phage DNA digests of one 
kind are hybridized with pure heterolo- 
gous insert DNA probes, as in Fig. 2.1 
However, under exceptional conditions 
we have observed that the 13-kb Eco RI 
human DNA fragment that hybridized 
with pPE-650 also hybridized with the 
IFN-PI cDNA probe in experiments in 
which the same blot was hybridized se- 

quentially with the two probes (experi- 
ments similar to that shown in Fig. 3, 
lane 1). Under the stringent hybridiza- 
tion and washing conditions we used, the 
human pPE-650 DNA probe hybridized 
only faintly with DNA fragments in di- 
gests of murine and hamster DNA (Fig. 
3, lanes 3 and 4). The strong human 
DNA signal can be readily distinguished 
from this faint rodent signal. 

DNA preparations from 25 human- 
mouse and human-hamster somatic cell 
hybrids were digested either with Eco RI 
(Fig. 3) or Bam HI (not shown) and were 
analyzed for the presence of the 13-kb 
Eco RI (Fig. 3, lanes 5 to 14) or the 5.6- 
kb Bam HI (not shown) DNA fragments 
that hybridized with pPE-650. The hu- 
man chromosome composition of these 

Probe P 1 1 

Fig. 2. Hybridization of AB3 DNA with both 
IFN-PI and IFN-a, cDNA probes. AB3 DNA 
(0.7 W) was digested with either Eco RI or 
with Pst I. Half of each sample was subjected 
to electrophoresis through I percent agarose 
gel and blotted on Gene Screen Plus (New 
England Nuclear). The remaining half of each 
digest was used to prepare a companion blot 
in a like manner (4). Lanes I and 2 represent 
the ethidium bromide stain of the Eco RI- and 
Pst I-digested DNA shown in lanes 3 and 4. 
The DNA in lanes 3 and 4 was hybridized with 
a 32P-labeled, nick-translated Bgl 11-Pst I 
DNA fragment, 150 nucleotides long, that was 
derived from an IFN-PI cDNA clone [pD19 in 
(411. Lanes 5 and 6 represent a companion blot 
that was hybridized with 32P-labeled Pvu II- 
Eco RI DNA fragment, 560 nucleotides long, 
that was derived from an IFN-a, cDNA clone 
[pASl-1 (511. Hybridization was essentially in 
fivefold-strength standard saline citrate (SSC) 
(SSC is 0.15M NaCl and O.Ol5M sodium ci- 
trate, pH 7.5) at 65°C for 16 to 18 hours and 
washing was for approximately 1.5 hours in 
double strength SSC, also at 65°C (4). Ap- 
proximately one-tenth as much probe 
(2 x lo6 Cerenkov countlmin) was used in the 
experiment of lanes 3 and 4 as was used for 
that of lanes 5 and 6 (15 x lo6 Cerenkov 
countlmin). The autoradiograms were ex- 
posed for 1.5 hours (Kodak XAR-5 film). 
Results similar to those in lanes 3 and 4 have 
also been obtained with a coding region 
Hinc 11-Bgl I1 DNA fragment from IFN-PI 
cDNA used as a probe. 
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hybrids was compared with the presence 
of pPE-650-specific DNA in them (Table 
1). From this analysis it is apparent that 
pPE-650-specific human DNA, and thus 
AB3 DNA, resides on human chromo- 
some 2. Hybridization of the somatic cell 
hybrid DNA blots with another AB3- 
derived DNA subclone (pPP-105) that 
hybridizes with a 7.5-kb Eco RI frag- 
ment in human DNA leads to the same 
conclusion. 

To determine whether AB4 DNA was 
present on the same chromosome as 
AB3, we digested DNA from the same 
set of somatic cell hybrids (Fig. 3) with 

Kpn I and performed blot-hybridization 
analyses with a 4-kb section of AB4 sub- 
cloned in pBR322 (pPE-4000). Under the 
experimental conditions used, the pPE- 
4000 probe detected one strongly hybrid- 
izing DNA fragment of approximate 
length 20 kb and three weaker fragments 
of lengths 11, 7.8, and 6.4 kb in human 
DNA (Fig. 4, lane 2). Specific fragments 
of lengths 5.8 and 7.2 kb were also 
detected in the hamster and mouse pa- 
rental cell lines (Fig. 4, lanes 3 and 4), 
but these are clearly distinguishable from 
the human DNA fragments. Comparison 
of Fig. 4 (lanes 5 to 14) with Fig. 3 

demonstrates that AB3 and AB4 cannot 
be on the same chromosome. Thus AB4 
cannot be located on human chromo- 
some 2. Furthermore, a comparison of 
these data with the human chromosome 
compositions of the hybrids tested indi- 
cates that AB4 is not on chromosomes 5 
or 9. The absence of a human DNA 
hybridization signal in lanes 7 and 8 of 
Fig. 4 also indicates that pPE-4000-relat- 
ed DNA is not on chromosome 12, to 
which the IFN-?I gene was assigned ( I ) .  
Since four Kpn I human DNA fragments 
of lengths 6.4 to 20 kb hybridized with 
the 4-kb AB4 probe pPE-4000, which 

L 
o Fig. 3. Blot-hybridization analyses of DNA 

C C 
a - 0 from human, mouse, and hamster cells and 

Em E 
m c? E Human-rodent somatjc hy brlds from human-rodent somatic cell hybrids were 

3 ¶ 2 7 performed with human IFN-prelated DNA I I probes (IFN-PI cDNA and the pPE-650 sub- 
1 2  - o - 3 4 p ~ ~ 8 ~ 1 0 ~ ~ ~  o - - clone of AB3). DNA samples (20 kg in lanes 1 

and 2 and 30 pg in lanes 3 to 14) were 
restricted with Eco RI (New England Bio- 
labs, 4 units per microgram of DNA) for 24 
hours as specified by the manufacturer. The 

#---A DNA was then subjected to electrophoresis 
13.0, - 4 1 3 . 0  through 0.8 or 1 percent agarose gels, blotted 

onto nitrocellulose paper (BA85, Schleicher 
and Schuell), and probed with nick-translated 

5 

1 (Bethesda Research Laboratories kit; a-32P- 
?. labeled deoxycytosine triphosphate from 

. *  
,i 

New England Nuclear), 32P-labeled IFN-(3, 
4 

cDNA pD19 (lane 1) (4) or the pPE-650 sub- - clone derived from AB3 (lanes 2 to 14) (4). 
Briefly, hybridization was in sixfold-strength 
SSC (see legend to Fig. 2) and 10 percent 

1.9- (weight to volume) dextran sulfate (Pharma- 
cia) at 65°C for 20 to 24 hours. The hybridized 
blots were washed in double-strength SSC at 
room temperature for 30 minutes and then in 
0.3-strength SSC at 65°C for 1.25 hours. Auto- 

Probe PI pPE650 pPE 650 
radiography usually required an overnight ex- 
posure on Kodak XARS film with intensifying 

Human screens. (Lanes 1 and 2) Human lymphoblas- 
c h r o m o s o m e  2: + + - - + + + + + + + +  - -  toid (Namalwa) cell DNA (11); (lane 3) ham- 

ster E36; (lane 4) mouse A9; (lane 5) somatic 
cell hybrid BDA 17b17; (lane 6) BDA 17b17IDpt-2; (lane 7) AIM 15aB1138; (lane 8) AIM lSaBll36lDpT; (lane 9) BDXE 36-10; (lane 10) BDXE 36- 
4a; (lane 11) BDA lOa3; (lane 12) BDA IOa31DpT; (lane 13) 21-30b SR; and (lane 14) BDA 14b25. Lanes 9 and 10 represent human-hamster 
hybrids. The human chromosome composition of these hybrids has been described earlier (3,121 and was deduced with standard procedures (13). 
The presence (+) or absence (-) of human chromosome 2 in each of the cell lines is indicated. 

L 

z z m  
m v, Human-rodent somatic cel l  hybrlds 
5 
x 
2 3 4 5 6  7 8 9 1 0  11 12 1 3 1 4  
- 1 - - - - - - - - -  -\- 

2 +  - - 
Human 

+ + + + + + + + - -  
chromosome 5 + - - + - + - - - + - - -  

9 +  - - + - - -  + + -  - + -  

Fig. 4. Blot-hybridization analyses of DNA from human, mouse, and 
hamster cells and from human-rodent somatic cell hybrids with the 
pPE-4000 subclone of human AB4 genomic DNA. DNA samples (30 
pg) were digested with Kpn I and analyzed as described in the legend 
to Fig. 3 except that "P-labeled pPE-4000 was used as the hybridiza- 
tion probe. Lane numbers correspond to those in Fig. 3. The presence 
(+) or absence (-) of human chromosomes 2, 5, and 9 in each of the 
cell lines tested is also indicated and is based on data summarized in 
(3) and (12), except that BDA 17b171Dpt-2 (lane 6) is taken to contain 
human chromosomes 2, 4, 13, and 21. The somatic cell hybrid AHA 
3d2-1 represents another example of a hybrid that appears to contain 
chromosome 5 but lacks the AB4 hybridization signal (not shown). 
Only hybrids indicated in lanes 5, 7, 8, 9, 11, 12, and 14 contain 
chromosome 12. Thus lanes 6, 7, and 8 exclude the assignment of 
pPE-4000 to chromosome 12. 

1314 SCIENCE. VOL. 223 



does not contain a Kpn I site (Fig. 4), 
three or more section of human DNA 
very closely related to pPE-4000 must be 
present on a chromosome other than 2, 
5, 9, or 12. An unambiguous assignment 
of the various hB4-specific human DNA 
fragments has not yet been achieved. 

Our data demonstrate that IFN-p-re- 
lated DNA is dispersed in the human 
genome. The murine IFN-P system also 
appears to be complex. Skup et al. (6) 
reported the isolation of two distinct 
partial cDNA clones (2011 1 and 3/10) that 
appear to correspond to murine IFN-P 
mRNA's. They based this conclusion on 
experiments in which the cDNA clones 
were immobilized on nitrocellulose fil- 
ters and hybridized with IFN mRNA 
preparations, after which the hybridized 
mRNA was eluted and analyzed for IFN- 
p activity with a translation assay. 
Clones 20111 and 3/10 are different from 
each other and are different from well- 
known murine IFN-PI cDNA ( 7 ) .  Final- 
ly, because the human 0.8-kb IFN-PI 
gene hybridized with DNA sections of 
length greater than 5 kb in each of the 
hB3 and hB4 clones, and because the 
IFN-PI gene lacks introns (I), the possi- 
bility arises that the IFN-PI gene may 
have arisen from the IFN-P-related 
DNA located on the other chromosomes 
through a process of gene conversion, as 
has been found in several other gene 
families (8). The observation that AB3 
DNA not only hybridizes with an IFN-PI 
cDNA probe but also hybridizes with an 
IFN-al cDNA probe reveals an unex- 
pected facet of the human interferon 
gene family-the origins of the a and p 
interferon systems must be more closely 
intertwined than has been recognized 
thus far. 

ANURAG D. SAGAR 
PRAVINKUMAR B. SEHGAL* 

Rockefeller University, 
New York 10021 

LESTER T. MAY 
MASAYORI INOUYE 

Department of Biochemistry, 
State University of New York, 
Stony Brook 11 794 

DORIS L. SLATE? 
LESTER SHULMAN 

FRANK H. RUDDLE 
Department of Biology, Yale University, 
New Haven, Connecticut 06520 

References and Notes 

1. T. Taniguchi, M. Sakai, Y. Fujii-Kuriyama, M. 
Muramatsu, S. Kobayashi, T. Sudo, Proc. Jpn. 
Acad. 55, 464 (1979); T. Taniguchi, N. Mantei, 
M. Schwarzstein, S. Nagata, M. Muramatsu, C. 
Weissmann, Nature (London) 285, 547 (1980); 
S. Ohno and T. Taniguchi, Proc. Natl. Acad. 
Sci. U.S.A.  78,5305 (1981); M. Houghton et al., 
Nucleic Acids Res.  9, 247 (1981); J. Tavernier, 
R. Derynck, W. Fiers, ibid., p. 461; R. M. Lawn 

23 MARCH 1984 

et al . ,  ibid., p. 1045; W. Fiers et al . ,  Philos. 
Trans. R .  Soc. London Ser. B 299,29 (1982); D. 
W. Owerbach. W. J. Rutter. T. B. Shows. P. 
Gray, D. V. ~ o e d d e l ,  R. M.  awn, Proc. hiatl. 
Acad. Sci. U.S.A.  78, 3123 (1981); J. M. Trent, 
S. Olson, R. M. Lawn, ibid. 79, 7809 (1982). 

2. Y. H. Tan, R. P. Creagan, F. H .  Ruddle, Proc. 
Natl. Acad. Sci. U.S.A.  71, 2251 (1974); D. L.  
Slate and F. H.  Ruddle, Cell 16, 171 (1979); Ann. 
N .  Y. Acad. Sci. 350, 174 (1980); A. Meager, H.  
Graves, D. C. Burke, D. M. Swallow, Nature 
(London) 280, 493 (1979); A. Meager, P. Bu- 
chanan, J. G. Simmons, T. G. Hayes, J. Vilcek, 
J.  Ifn. Res.  2, 167 (1982). 

3. A. D. Sagar, P. B. Sehgal, D. L. Slate, F. H. 
Ruddle, J. Exp. Med. 156, 744 (19821, P. B. 
Sehgal, Biochim. Biophys. Acta 695, 17 (1982), 
P. B. Sehgal, in Interferon, I. Gresser, Ed. 
i4cademic Press, London, 1982), vol. 4, pp. 1- 
LL. 

4. P. B. Sehgal, L. T. May, A. D. Sagar, K. S .  
LaForge, M. Inouye, Proc. Natl. Acad. Sci. 
U.S.A.  SO, 3632 (1983). Although only six 
"strongly positive" human genomic DNA 
clones have been described in this report, ap- 
proximately 140 positives were picked in the 
first hybridization screen. Of these, approxi- 
mately two-thirds were positive in a second- 
round hybridization screen. This collection con- 
tains additional DNA clones (for example, AB33 
and AB37111211), which also hybridize with both 
IFN-B, and IFN-a, cDNA orobes. 

5. P. ~ . ' ~ e h ~ a l  and A. D. sag&, Nature (London) 
288, 95 (1980); J. Weissenbach et a l . ,  Proc. 
Natl. Acad. Sci. U.S.A. 77. 7152 (1980): A. D. 
Sagar, L. A. Pickering, P. Sussman-Berger, W. 
E. Stewart 11, P. B. Sehgal, Nucleic Acids Res.  
9. 149 (1981): P. B. Seheal. A. D. Saaar. I. A. 
~'raude; D. Smith, in ~ h e - ~ i o l o ~ y  ofthelnterfer- 
on System, E. DeMaeyer, G. Galasso, H. Schel- 
lekens, Eds. (ElsevieriNorth-Holland, Amster- 
dam, 1981), pp. 43-46; P. B. Sehgal, L. T. May, 
K. S. LaForge, M. Inouye, Proc. Natl. Acad. 
Sci. U.S.A. 79, 6932 (1982); L. T. May,. P. B. 
Sehgal, K. S. LaForge, M. Inouye, Virology 
129, 116 (1983). 

6. D. Skup et al . ,  Nucleic Acids Res.  10, 3069 
119821 , - - ? - , . 

7. Y. Higashi et al . ,  J .  Biol. Chem. 258, 9522 
110!21\ \.,"<,. 

8. Reviewed by P. Sharp [Nature (London) 301, 
471 (1983)l and J. Roeers libid. 305. 101 (1983)l. 

9. N. ~ a n t e ' i ,  M. ~chbarzs te in ,  M. Streul~, 's.  
Panem, S. Nagata, C. Weissmann, Gene 10, 1 
(1980). 

10. Detailed sequence to be described by L. T. 
May, P. B. Sehgal, and M. Inouye. 

11. A. D. Sagar, thesis, The Rockefeller University, 
in preparation. The experimental result shown 
in lane 1 of Fie. 3 was exceotional. Our main 
purpose in showing this resuit is to emphasize 
that it is possible to hybridize AB3 DNA in blots 
of total human DNA digests to an IFN-P, cDNA 
probe. 

12. D. L. Slate et al . ,  J .  Exp. Med. 155, 1019 (1982); 
P. M. Pitha, D. L. Slate, N. B. K. Raj, F. H. 
Ruddle, Mol. Cell. Biol. 2, 564 (1982). 

13. A. L.  Beaudet, T.-S. Su, W. E. O'Brien, P. 
D'Eustachio, P. E. Barker, F. H. Ruddle, Cell 
30, 287 (1982); J. Ryan, P. E. Barker, K. Shimi- 
zu, M. Wigler, F. H.  Ruddle, Proc. Natl. Acad. 
Sci. U.S.A.  80, 4460 (1983). 

14. We thank I. Tamm for h ~ s  enthusiastic encour- 
agement, P. D'Eustachio and P. Barker for 
some of the somatic cell hybrid DNA prepara- 
tions, and P. Donadio and Y. Buhler for techni- 
cal assistance. Supported in part by research 
grant AI-16262 from the National Institute of 
Allergy and Infectious Diseases (P.B.S.), by an 
established investigatorship from the American 
Heart Association (P.B.S.), an Irma T. Hirschl 
Award (P.B.S.), a Marinoff Family Cancer Fund 
predoctoral fellowship (A.D.S.), grants from 
Enzo Biochern, Inc. (P.B.S. and L.T.M.), 
American Cancer Society research grant CD-2 
(F.H.R.) and a grant from the Albert and Mary 
Lasker Foundation (F.H.R.). 

* Address reprint requests to P.B.S. 
t Present address: Pfizer Central Research, Grot- 

on, Conn. 06350. 

8 November 1983; accepted 4 January 1984 

Magnesium Deficiency and Hypertension: Correlation Between 
Magnesium-Deficient Diets and Microcirculatory Changes in situ 

Abstract. Rats maintained for 12 weeks on diets moderately or more severely 
deficient in magnesium showed signiJicant elevations in arterial blood pressure 
compared to control animals. Examination of the mesenteric microcirculation in situ 
revealed that dietary magnesium deficiency resulted in reduced capillary, postcapil- 
lary, and venular b loodjow concomitant with reduced terminal arteriolar, precapil- 
lary sphincter, and venular lumen sizes. The greater the degree of dietary magne- 
sium deficiency the greater the reductions in microvascular lumen sizes. These 
findings may provide a rationale for the etiology, as well as treatment, of some forms 
of hypertensive vascular disease. 

Numerous hypotheses have been sug- 
gested to account for the development of 
primary hypertension in man (I), includ- 
ing salt (NaCl) intake, overall nutrition, 
and genetic make-up (1, 2). It has also 
been proposed that increased blood pres- 
sure is due to a supersensitivity of blood 
vessels to the constrictor actions of en- 
dogenous neurohumoral substances (for 
example, adrenergic amines, angioten- 
sin, or vasopressin) or to a decreased 
sensitivity of blood vessels to endoge- 
nous vasodilator substances (for exam- 
ple, prostaglandins) (I). All of these 
hypotheses have generated some contro- 
versy, and exactly how a sustained in- 
crease in arteriolar and venular vascular 
tone is brought about in a variety of 

clinical and experimental forms of hyper- 
tensive disease remains a mystery (1). 

Several recent studies point to a causal 
relation between decreased concentra- 
tions of magnesium ion ( M ~ ~ ' )  in blood 
or tissues and hypertension; the inci- 
dence of hypertension is high in geo- 
graphic areas with soft drinking water or 
magnesium-poor soil (3-6). Since 1925, it 
has been known that pharmacologic 
doses of magnesium salts can somehow 
produce hypotension and attenuate high 
blood pressure in hypertensive patients; 
more recently, long-term administration 
of lower doses of magnesium salts has 
decreased requirements for antihyper- 
tensive drugs (7 ) .  Hypomagnesemia has 
been reported in a number of hyperten- 
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