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vacuole contents after mating, since some of 
these molecules may be in\~olved it1 vacuole 
movement during cell divisiotl. We have 
tested the followitlg mutants for a defect it1 
vacuole mixing it1 zygotes: karl- 1, which is 
defective in nuclear f~~siotl  strain,(6), a p q ~ 4  
defective it1 some vacuole proteases (7),two 
tit02 strains, defective in P-tubulin (X), and 
t\w art1 strains, defective in actin (9). The 
ll~atings were performed with the defect 
present in both mating types. 111 all cases, 
dye transfer was normal at both the pcrmis- 
sive and, where applicable, restrictive tern- 
pcraturcs. Since these mutations may not 
completely abolish protein function, our 
studies do not rule out important roles for 
these proteins in vacuole cxchatlgc. 

The obscrvatiotl that parental vacuoles 
never fuse within the zygote, yet mix their 
contents, contrasts with the behavior of 
other ycast orgatlelles. During mating, the 
two parental tluclci fuse, mitosis occurs, and 
the nucleus divides. One nucleus remains 
with the zygote and the other nucleus is 
directed into the bud (10). Fusion of the 
parental mitochondria is rare, and uniparen-
tal contribution of mitochondria to the bud 
often occurs (1 1-14). 

It seems likely that intervacuolar dye 
transfer is mediated by vesicular traffic. In 
mammalian cells, vesicle-mediated traffic oc- 
curs both in endocytosis (15, 16) and in 
biosy~lthetic transport (17). Vesicle traffic 
between homologo~ls orgatlelles has been 
well documented in mammalian Golgi (18). 
The Golgi do not hlse during inter-Golgi 
traffic in vitro. Instead, proteins arc moved 
in a vesicle-mediated process (19). It has 
recently been reported that mammalian lyso- 
sornes equilibrate their contents after syncy- 
tia formation (20). The mechanism by which 
this occurs is as yet LIII~IIOWII. thel'ossibly, 
equilibration observed in mammalian lyso- 
somcs is analogous to ycast vacuole behavior 
during mating. 

The observations of intervacuole and in- 
terlysosome exchange define a new pathway 
in itlterorgatlelle traffic. Further studies of 
intervacuole exchange are needed to deter- 
mine why the transfer is rapid and why it 
does not happen immediately after cytoplas- 
mic mixing. In  addition, our observatiotls 
demonstrate that vacuole contents can be 
transferred both frorn parental vacuoles into 
the bud and from the bud to the parental 
\lacuolcs. Perhaps the transfer is triggered by 
a cytoskeletal rearrangement. Observation 
of the trails connecting each parental vacu- 
ole to the bud suggests that the bud vacuole 
may form by directed vesicular traffic from 
the parental vacuoles to a specific vacuole 
site in the bud. This model is further sup- 
ported by the observation that the udc2 dye 
appears first in the bud and then it1 the ADE 

uarental vacuole. The vesicle movement be- BI(I/,I<Qof thi, Y C O S ~  Saccl~aromyces cerevisae: L!f> 
;ween parelltal alld bud \,acLloles may ' : Y I ~ ?  Inllcnf~lllc,J. N. Strathcrn, E. W. Jones, J. 
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Low Plasma Cholesterol Levels Caused by a Short 
Deletion in the Apolipoprotein B Gene 

Familial hypobetalipoproteinemia is a syndrome in which the plasma levels of 
apolipoprotein B (apo-B) and cholesterol are abnormally low. A truncated species of 
apo-B was identified in the plasma lipoproteins of members of a kindred with familial 
hypobetalipoproteinemia.DNA sequencing studies on genomic clones and enzymati- 
cally amplified genomic DNA samples revealed a four-base pair deletion in the apo-B 
gene. This short deletion, which results in a frameshift and a premature stop codon, 
accounts for the truncated apo-B species and explains the low apo-B and low 
cholesterol levels in this family. 

FAMILIAL lIYPOBETALIPOI'KOTEINE- that kindred (3).One apo-B allele yields a 
mia is a condition in which the con- truncated apo-15 species, apo-1537, whereas 
centrations of apolipoprotein K (apo- the other allele is associated with low plasma 

R)  and low density lipoprotein (L1IL)- levels of the normal apo-B species, apo- 
cholesterol it1 the plasnla are abnormally low R100. Three individuals had both abtlormal 
(1). In the homozygous form, apo-B and alleles and were therefore compound hetero- 
LIIL-cholesterol arc either absent frorn the zygotes for hy~7obetalipoprotcinernia.There 
plasma or present in extremely low concell- were six heterozygotes with apo-B37, and 
trations. Homozygotes may have multiple ten with low Ic\~cls of apo-B100. The nlean 
medical problems, including fat malabsorp- LIIL-cholesterol level it1 the latter two 
tion and neurological disorders. Heterozy- groups was 31 mgidl, less than half of the 
gotes have apo-H and I,L>L-cholesterol lev normal value, whereas it was 6 mgidl in the 
els approximately half those of nor~nal; these compoutld heterozygotes (3). 
individuals arc usually asymptomatic and 15ecause apo-1537 is associated with low 
may actually be protected from premature 
atherosclerotic disease (1). 

In 1979' Steinberg and "- C;ladstonc Foundation 1.aboratorics fix Cardiovascular 
scribed a uniclue kindred with familial hvno- Disease. C:ardi(wascular Rcscarch Institute. Lrnivcrsinr of ,n 

C~lihxni" SS" Frmisco, Sail Francisc~~ (:A 94140-betalipoprote~llcmia (2). ~  ~our labo-~ 0608 ~ ~ ~ ~ l ~

ratory identified two different apo-B allclcs 

associated with hypobetalipoproteitlcmia in %Towhom corrcspondcncc should bc addressed. 




plasma cholesterol lbels, we were interested 
in determining its struc3i.m. On polyacryl- 
amide gels, apo-B37 appears to be about 
37% as large as apo-B100, which contains 
4536 amino acids (4). Because our earlier 
protein sequencing and immunochnnical 
studies had indicated that apo-B37 contains 
only the amino-terminal portion of apo- 
BlOO (S), we estimated that the carboxyl- 
terminal amino acid of apo-B37 must be in 
the vicinity of apo-B100 amino acid residues 
1650-1750. Recent studies showed that an 
antiserum to a synthetic pcptide containing 
apo-B100 amino acids 1712-1728 bound 
to apo-B37, enabling us to refine our esti- 
mate of the carboxyl tepnhus of a p B 3 7  to 
the vicinity of apo-B100 amino acids 1725- 
1750. This region of apo-B is encoded by 
the first third of exon $6 of the apo-B gene 
(a). Southern blots of genomic DNA from 
apo-B37 heterozyptes revealed no detect- 

able abnormality in this region of the apo-B The 4-bp deletion resullts in a fkameshift and 
one novel amino acid, valine, followed by a 
premature stop codon. Thus, a p B 3 7  has 
1728 amino acids; the calculated molecular 
weight of apo-B37 is -193,000, 37.6% of 
that of apo-B100 (-513,000). 

We used the polymerase chain reaction 
technique (9) to demonstrate the same short 
deletion in other family members. The re- 
gion of the apo-B gene flanking the ob- 
sewed 4-bp d e p d  was enzymatically am- 
plified from genomic DNA. When genomic 
DNA from control subjects was amplified 
and then subjected to polyacrylamide gel 
electrophoresis, a single band was obsewed 
(Fig. 2A, lanes 3 to 6). The DNA in these 
bands was subdoned into M13 and was 
shown to have the normal apo-B sequence. 
When genornic DNA from seven different 
apo-B37 heterozygotes were amplified, a 
"doublet" band was invariably obsewed 
(Fig. 2A, lanes 7 to 13). The DNA in both 
the upper and lower band of the doublet 
was sequenced; the DNA .in the upper band 
had the normal apo-B sequence, whereas the 
DNA in the lower band had the same 4-bp 
deletion identified in the lambda clones. h e  
4 b p  deletion in the amplified DNA was 
easily detectable on slot &lots with allele- 
specific oligonucleotli probes (Fig. 2, B 
and C).  

The 4-bp deletion in the apo-B gene 
accounts tbr the formation of apo-B37. The 
low LDL-cholesterol levels in subjects with 
apo-B37 are explained in part by the hppar- 
ent inability of apo-B37 to form a choles- 
teryl ester-enriched particle in the LDL 
density range (3, 5, 10). However, apo-B37 
itself is present in very low levels in the 
plasma of affected subjects. Since apo-B37 
cannot bind to the LDL rereptor (lo), apo- 
B37antaining lipoproteins might be ex- 
pected to be cleared slowly from the plasma 
and thmfbre to bc tbund in a high concen- 
tration. The low concentration of apo-B37 
in plasma may therefore be attributable to 
reduced synthesis and secretion of this mu- 
tant protein fhm hepatocytes and entero- 
cytes. As noted above, we have identified a 
second apo-B allele causing hypobedip- 
pmeinemia (3). Further study of that allele 
may reveal a new mechanism that can ac- 
count for the low plasma levels of apo-B and 
cholesterol. 

gene. 
We next doned and sequenced the rele- 

vant portion of the apo-B gene of a subject 
heterozygous for the apo-B37 mutation 
(that is, he had one normal apo-B allele and 
one apo-B37 allele) (7). Nine clones con- 
taining the 3.7-kb Eco RI-Eco RI insert 
encompassing the 6rst third of exon 26 were 
selected &om a lambda genomic library; 
each done was subcloned into M13 for 
sequencing (8). In three clones, there was a 
4 b p  deletion (apo-B cDNA nucleotides 
5391-5394) beginning at the codon for 
apo-B100 amino acid 1728 (Fig. 1B). The 
other six clones contained the normal apo-B 
sequence (Fig. 1A). In both the normal and 
mutant clones, sequencing of over 500 nu- 
deotides upstream and downstream from 
the mutation showed no other discrepancies 
from the consensus a p B  sequence-(4, 6). 

1 

Fig. 1. Autoradiograms of 
sequencing gels of (A) a 
normal apo-B done and 
(9) a mutant a p B  clone. 
The four nudeotides 
marked by asterisks in the 
normal clone are those de- 
leted in the mutant done. 
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mg. 2. Amplification of the region of the apo-B 
gene hking the apo-B37 mutation. Amplifica- 
tion of genomic DNA was performed with the 
Thennus aquafiw DNA polymerase, a m d i n g  to 
insttuctions of the Geneamp kit (Perkin-Elmer 
Cctus, part No. N801-0043), with oligonucleo- 
tide primers B37-8 (5'-AGTCtAGAAGGACT.- 
TAAGCrrcTCJ', apo-B cDNA nucleotides 
53225344) and B37-9 (5'-TkUMXTGTCA- 
GAGCTCET'AAAT-31, w~rnplemen&y to apo-B 
cDNA nucleotides 547-5445). A single base 
s~bstitution (lower case letters) was introduced . - 7 
into the 5' end of B37-8 and B37-9 to create Xba I 8 
I and Hmd III restriction endonudease sites, 

I 

respectively. (A) One-fifth of the amplification 9 

reaction was loaded onto a 7% polyacrylamide a -  - 10 
gel, which was stained with ethidium bromide. I - -- 11 
(Lane 1) The 146-bp f ixpent  amplified from a 
plasmid containiig the normal 3.7-kb Eco RI- t I - 12 

EEo RI apo-B insert; (lane 2) the 142-bp frag- I - 13 
ment amplified from a plasmid containing the 
mutant 3.7-kb &o RI-Eco RI apo-B insert; (lane 3) the amplified genomic DNA of subject 10, a 
normolipidemic family member [see M y  pedigree (3) 1; (lanes 4 to 6) the amplified DNA from other 
conml subjects; (lanes 7 to 13) amplified DNA from seven apo-B37 hetermygotes [subjects 1,18,13, 
34,28,3, and 32, respectively, (3)l. (6 and C) One-twentieth ofeach of the 13 amplification reactions 
was loaded onto nitrocellulose membranes tsing a slot blot apparatus; the nitrocellulose membranes 
were then probed with 32P-labeled oligonudeotides specific for the normal or mutant allele (1 1). (B) 
The autoradiogram of the slot blot probed with B37-2 (5'-CCACACAAACAGTCTGAAC-3'), which 
2 complementary to the normal apo-B sequence; (C) the autoradiogram of the slot blot probed with 
B37-10 (5'-GACCACACAGTCTGA-3'), which is wmplemenmry to the mutant sequence. The slot 
blots were incubated with the labeled probes for 16 hours at 3PC, washed at 48°C for 1 hour in 2 x  
standard h e  citrate (If), and then exposed to x-ray film for 45 minutes. 
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fragmcnt, antlsenve MBP mml-genc, that 
was ~njcctcd into mouvc zygotcs wav prc- 
parcd from plasmid pMP302AS DNA that 
had bccn digcvted with Hind I11 and Sal I 
Fertlllzed cggs hcterozygos for thc shivcrcr 
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Conversion of Normal Behavior to Shiverer bv Mvelin 
Basic Protein Antisense cDNA in Transgenic ~ i c i  

Myelin basic proteins (MBPs) are coded by the single gene necessary for myelin 
formation in the central nervous system of the mouse. An antisense MBP mini-gene 
was constructed and used to determine the filnction of antisense DNA in transgenic 
mice. Several transgenic offspring of a founder transgenic mouse, AS100, were 
converted from the normal to mutant shiverer phenotype. Antisense MBP messenger 
RNA was expressed in these mice, and the endogenous MBP messenger RNA, the 
MBP, and the myelination in the central nervous system were reduced. 

A NTISENSE RNA (MINUS-STRAND To cxaminc thc myelination in the trans- 
RNA complementary to a particular genic mice having antisense MBP DNA, wc 
RNA) has bccn shown to reprcss constn~ctcd a plasmid pM1'302AS. This 

the expression of specific genes in cclls of plasmid contained the mouse MBP promot- 
somc spccics including mammals (1-7). The er region (approximately 1.3 kb) followcd 
expression of thcsc antisense RNAs and thc by a portion of thc rabbit p-globin genc 
repression of the targeted gcne filnctions in 
trallsgellic allimals provide a means for Table 1. Number of transgenic mice with the 

tremor phenotype in relation to genetic back- 
studying the biological fi~nctions of cloncd ground. A and two wpes of 
gcnes. Fra~isgenc 111 the offsprillg of AS100 moist. 

We chosc thc myelin basic protein (M131') 

transgenic mice. Inhibition of the cndogc- 
nous scnsc MBP mRNA cxprcssion by the 
antiscnsc RNA is cxpcctcd t i  bc more. pro- 
nounccd In heterozvgous (rhi/+) than in , u 

wild-type mice (+I+) ,  as ihc amount of 
MB1' mRNAs in thc hcterozygous mousc is 
half that in thc wild type (14). The method 
of producing transgenic micc was basically 
that dcscribcd by Gordon et a / .  (15). Five 
transgenic mice with thc antisense MBP 
m~n~-gcnc wcrc obtaincd. All fivc foundcr 
mlce, each of which had been indepcndentlp 
produced, appearcd to bc normal. 

Thc transgcnlc male mousc, ASlOO 
(shil+), was mated with a w~ld-type fcmale 
mouse (+I+,  136c F1 hybr~d) and 50 off- 
spring wcre born (AS100-1 to AS100-50). 
Thc transgcne of thc ASlOO mouve wav 
tranvm~tted to 21 of them. There were two 
typcs of transgcnc, A and B. Thc A typc had 
cxtra bands as well as the B-type bands as 
shown by DNA blot analyqes (Fig. 1B). 
These two typcs werc scgregatcd to A and 13 
strains and stably transm~ttcd to thcir off- 
spring. Therc also werc two different genetic 
backgrounds for thcse offspring, rhd+ and 
+I+, shown by thc prcsencc of the truncat- 
ed restriction fragment found only in thc 
hcterozygous shiverer mouse  hi/+ ) (1 3) 
bccausc of thc large deletion of the MBP 
genc in shivcrcr mutation ( 10, 1 1). - 

gcnc for rcprcssion by thc antlscnve DNA Phenotype Surpr~s~ngly, 10  of thc 21 transgcnlc micc 
Genotype 

for two rcavons (1) the M131' gcne promotcr Tremor ~~~~~l bcgan to show sh~ver~ng at about 2 wceks 
affccts thc cxprcssion of MBP cl>NA, tissue akcr birth. There was somc variation in thc 
specifically, in transgenic shivcrer mouse ') 7 ( 3 , 4 )  

+I+ (A, U)  3 
(3, 2, severity of the trcmors, which bccamc pro- 

brain and can rescue the shiverer phenotype Total (A, R)  
6 (0, 6) 

10 (4 ,6 )  11 (3, 8) grcssivc1y pro~~ounced. Furthcr analysis of 
(8 ) ,  and (ii) an MRP-dcficicnt and hypo- the AS100 transgenic offspring showcd that 
myclinating mousc that has an autosomal 
reccssive mutation in the MRP gene, the 
shivercr (9-13), is availablc for comparisolls Table 2. Correlation between MRP expression and the tremor phenotype in transgenic mice. 
with transnenic micc havinn thc antiscnsc 

M. Katsuki, Department of DNA Biology, School of 
Medicine and Institute of Medical Sciences, Tokai Uni- 
versity, Roliseidai, Isehara 259-11, Japan, and Central 
Institute for Experimental Animals, 1430 Nogawa, 
Miyamae, Kawasaki 213, Japan. 
M. Sato and M. Kimura, Department of DNA Iliology, 
School of Medici~ic and I~istitute of Medical Sciences, 
Tokai Un~versity, Iloliscidai, Isehara 259- 1 1, Japan. 
M. Yokoyama, K. Kobayashi, T. Nomura, Ce~i t rd  Insti- 
tute for Experimental Animals, 1430 Nogawa, Miyamae, 
Kawasaki 213, Japan. 

*On leave from the R&l1 Laboratories of IIoeclist Japan 
I d . ,  Minan~idai, Kawagoe 350, Japan. 

Genetic A~itisc~lsc Endogenous MUP in Tremor 
Mouse back- Trans- 

gcnc* MRP MU1' cere- phcno- 
ground mRNA-t mKNA (%)J bellurn9 type1 I 

*A and 1% type represent the typcs of transgcnc transmitted; - i~idicates a nontransgcnic mouse. tAntisensc MRP 
mRNA in the brain was detected by RNA blot allalysis with sc~ise MRI' RNA as the probe. *liclative amount of 
MRP mRNA in the brain, the wild typc (+~/+)  being taken as 100%. 5 - l  indicates that the MRI' was detected 
unik>rrnly in the cerebellar tissue by anti-MBI'; ? indicates relatively sparse distributio~i of MRP; F indicates 
interniediate distributio~i of MIl1' between - and t-; and ni means mosaic expression of MRP. I I -  indicates 
nornid behavior; + indicates tremor phenotype; and i indicates the faint tremor phenotype. 
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