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A-1-1

NEURAL ACTIVITY AND GENE EXPRESSION IN THE HIPPOCAMPUS

Kunihiko Obata, Takanori Hashimoto and Yuko Sekino*

National Institute for Physiological Sciences,
Okazaki 444, Japan

ABSTRACT _ . '
In situ hybridization and immunohistochemistry were performed on
the rat hippocampus to investigate the changes in gene expression
induced by kainic acid and other:convulsénts. The cRNA probes and
antibodies were for immeidate,early genes (c-fos and 2if268),
neuropeptides (somatostatin, proenkephalin and cholecystokinin)
and neuronal cytoskeletal protéin (neurofilament L subunit)., The
findings on kainate-induced convulsion are as follows: c-fos and -
7if268 were expressed in most hippocampal neurons but their main-
tenance corresponded to the duration of the seizures. Somatostatin
is expressed in interneurons of the control animals but appeared
in principal neurons, namely hippocampal pyramidal cells and dentate
granule cells, When the seizure was interrupted with diazepam,
somatostatin mRNA did not appeared in granule cells. Kainate remark-
ably potentiated the expression of proenkephaiin in granule cells
and of cholecystokinin in CAl pyramidal cells. Unexpectedly, neuro-
filament L-mRNA was increased by kainate.

Recently stimulus-transcription coupling (1) has attracted the attention of
neuroscience. Some long-lasting changes in function and structure of the
nervous system are regarded as the bases of learning and memory. Therefore,
activation of nerve cells by various kinds of stimdli not only induces rapid
responses for signal transmission to the other neurons but also leaves any
persistent changes which will affect the subsequent neuronal responses. The
latter properties of the nervous system are called neural plasticity and the
long-term changes lasting for weeks and years will be maintained by altered
gene expression followed by protein synthesis.

*Present address: Tokyo Metropolitan Institute for Neurosciences, Fuchu 183,

Japan




Brilliant progress in molecular biology has permitted us to identify and local-
ize biologically active molecules in the cells. This:approach is particularly
suitable for cellular and chemical dnalyses of the nervous tissue which consists
of heterogeneous neurons with different connections and functions. Differential
screening of cDNA libraries using control and experimental probes or screening
of expression cDNA library with monoclonal ‘antibodies of interest is expected
to isolate any brain function-specific cDNA clones. We have tried to obtain cDNA
clones by differential screening of subtracted cDNA library from the rat hxppo-
campus after kindling, lifelong seizure susceptibility acquired after repetition
of ineffective stimuli(z). Quantification of mRNA after filter hybridization an
dlocalization of mRNA with in situ hybridization histochemistry are used to cor-
relate the change in gene expression with neural activity.

Furthermore, invesaitgations have now been concentrated for disclosing the regu-
latory mechanism of gene expression. Interaction of transcription factor(s) with
each gene initiates expression of the gene. For this, phosphorylation or other
modification of existing transcription factors or de novo synthesis of other
transcription factors is required. Examples of the former group of transcription
factors are cyclicAMP response element-binding protein (CREB) and serum response
factor (SRF) and those of the latter group are c-Fos, c-Jun and Zif268. The
latter genes are included also in immediate early genes (IEGs), whose expression
is activated rapidly by growth factors and other stimuli, and does not need de
novo synthesis of other regulatory proteins. :

In 1986 the first demonstration was made on éasﬁal relationship between neural
activity and gene expression. High potassium-induced depolarization(3) and
receptor activation by nicotine(4) produced a rapid (within 5 miniutes) and
transient expression of c-fos in PCIZ cells. Subsequently many papers have been
published on expression of c-fos and other IEGs in the brain after physiological
and non-physiological stimulation. On the other hand, expression of enkephalin
and endorphin is discussed on their involvement in bain and convulsion. A study
with a transgenic mouse containing a fusion gene showed some regibnal‘and
seizure-type specificity of c-fos expression (5); However, the situation is
still controversial and few is known on the casual relationship of expression
between transcription factor-coding IEGs and their. target genes encodlns the
functional neuron- speclflc proteins,

In the present paper we studled the expression of IEGs(c-fos and zif268), neuro-
peptides (somatostatin, proenkephalxn and cholecystokinin) and intermediate fila-
ment protein (neurofllament protein-L subunit) in the rat hxppocampus and other ‘
brain areas with in situ hybridization and also performed ihmunohiStochemistty
against their products(6-8). The distribution of positive heurons was compared
between normal and convulsive rats. Convulsion was induced mainly by kainic acid
and in some rats by pentetrazole and picrotoxin.'Slice preparation was brepared
from the ;ét hippocampus and subjected to conventional electrophysiology. Then -
in situ hybridization was performed on thin sections of the slice to correlate
with its electrical activity(9, 10). Digoxigenin-labeled antisense cRNAs were
prepared for in situ hybridization. They were detected histochemically after




binding with alkaline phosphatase labeled anti- dxglxlgenln antlbody. Ilnuno-
histochemical detection was made.by ABC ethod. :

Results of in situ hybrldlzatlon on kainate- 1nduced convulsions are descr1bed
here. Subcutaneous injection -of adult rats(Wistar) with.8,5 mg/kg body weight
of kainic acid induced so- -called limbic seizure. After frequent "wet dog shake
behavior, genera11zed convulslon occurred Lntermxttently around 1.5 hours after
the administration -and then turned to the status epilepticus which lasted for
several hours. Duration of seizure was controlled by administration of diazepanm
(10 mg/kg). The animals were sacrificed at 1.5-48 hours after kainate injection
and the brains were exciséd for preparatioﬂ of frozen sections.

c-fos and zif268: In the control hippocaapus no c- fos expression was observed
but zif268 were expressed in several cells. After kainate injection all neurons
expressed c-fos and zif268. Exact time relation with onset of the seizure was
not known but the maximal expression was attained within 1.5 hours. The express-
ion was transient and its duration depended on the duration of seizure. c-fos
expression in the hippocampal subfields and cortex after long—lastxng seizures
was shown with that of somatostatin in Fig. 1. ‘ :

Somatostatin (préprosonatostatin): In the control hippocampus both sdqétosthtin
aRNA and peptide are present only in some interneurons in the dentate hilus and
hippocampal formation. After kainate a subpopulatlon of principal neurons in the
hippocampus, namely dentate granule cells and pyramidal cells, expressed somato-
statin., This induction started at 3 hours and reached a maximum at 8 hours after
kainate. When the seizure was suppressed early by diazepan, the 1nduct10n was
restricted to pyramidal cells. Somatostatin is expressed transiently in several
types of neurons during development, but hippocampal granule and pyrauldal cells
are not included in this group. No papers appears to have reported the transient
activity-dependent expression of somatostatin as observe heré.” Physiological
functions of somatostatin in nerve cells are not known exactly, but somatostatin
depresses the firing of some neurons and promotes neurite growth in cell culture.
Therefore, it might be possxble that somatostatin prevents excessive activation
of neurons during the selzure ‘and promotes sproutzns of the nerve terllnals
afterward.

Enkephalin (preproenkepha11n) and cholecystokxnin Originally enkephalin is
expressed in dentate granule cells and cholecystoklnxn is"observed in CAl
pyramidal cells and interneurons. After kainate seizure these expressxon in
principal neurons was potentiated larkedly. For example, about 15 percent of
granule cell were expressing preproenkephalln mRNA noderately in the control
but after kainate-induced seizure all granule cells expressed it to the saxinmal
extent. Increase in enkephalin expression and decrease in dynorph1n expression
appear to be a general change after various kinds‘pf"cbnyulsions(ll).

Neurofilament protein L ‘subunit (NF-L): At the beginning we' expectéd that- NF-L
aRNA would not be changed by neural activity and serve as a reference when other
aRNAs were affected. Surprisingly, NF-L mRNA in granule cells were increased
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somatostatin mRNA(Q )-expressing cells in the hippocampus and cerebral cox{tex.
Abscissae, time after 'injection of kainic acid. Ordinates, positive cell density
(cells/square mm). From ref.7.




as early as 1.5 hours after kainate injection. We are now studying the intra- )
cellular distribution of NF- L protein and the mechan:sm of thlS gene expres51on.

Pentetrazole and picrotoxin: These convulsants act with different mechanism and,
therefore, will activate neurons affecting thelr gene expression dxfferently
from kainic acid. Patterns of c-fos expression 'in the hippocampus were different
between kainate and pentetrazole. Changes in gene expression as observed for
kainate were not remarkable for picrotoxin but a noticeable finding is an in-
crease in tyrosine hydroxylase mRNA in the substantia nigra (0. Stork and K.O.,
unpublished). o

Use of slice preparation: Electrical activity of the neural network in brain
slice preparation can be maintained up to half a day. It can be recorded with
conventional elecrophysiological techniques but also by a combination of voltage
sensitive dye and constantly-advancing optlcal recording techniques. Therefore,
when in situ hybridization can be performed on the slice preparation after
manipulation of neural activity and its recording, the exact correlation will be
obtained at cellular level. We first found that the hippoicampal slices conven-
tionally obtained from unanesthetized rats expressed 1EGs transiently around 1
hours after decapitation, This expression was partly prevented by deep anesthe-
sia with Nembutal. When the slices were incubated in artificial solution (Krebs-
Ringer solution), their electrical activity were maintained constant but some
mRNAs, such as those for proenkephalin and NF-L, continued to be decreased.
Supplementation with vitamin and amino acid mixture for tissue culture medium
fairly improved the mRNA level. Somatostatin nRNA of interneurons was maxntalned
well in Krebs solution.

Kainic acid induced excessive firing of most neurons and then suppressed the
electrically-evoked responses for 30-60 minutes. In these slices c-fos expres-
sion was observed in all neurons. When a low concentration (0.1 uM) of kainic
acid was applied for several minutes, intermittent bursting discharges occurred
spontaneouslty for hours. The origin of this bursting was localized at CAl region,
In situ hybridization demonstrated that c- fos expression was localized in CAl
pyramidal cells. :

Investigations of stimulus- 1nduced gene expression have just started Future
extensive analyses, introducing up-to-date molecular and cellular engineering
techniques, are expected to d1sclose the molecular mechan1sm of neural functions

including plasticity. .
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ABSTRACT

Many proteins produced in living organisms contain sugars. Recent
advancement of cell biology has revealed that these sugar chains play
important roles as signals of cell surface recognition phenomena. This
review will give an outline of the structural characteristics and the
biosynthetic mechanism of the N-linked sugar chains of glycoproteins
to help readers to consider the problems which will be encountered in
producing glycoproteins by recombinant technique. : .

INTRODUCTION

The first epoch of glycoconjugate research came in late 1950th, when
the structures of human ABO and Lewis blood group determinants and the
molecular basis of the antigenic alteration of bacteria were elucidated.
Another new wave came after 1980th. Development in cell biology sug-
gested that the sugar chains of glycoconjugates play important roles as
the signals of various cellular recognitions, which are important in
fertilization, embryogenesis, and organ formation. Furthermore, recent
development of gene-technology strongly accelerated the expansion of
glycoconjugate research. By the establishment of the new bio-technol-
ogy, many minor but important proteins found in living organisms could
be obtained in large amount with use of microorganisms. However, many
proteins produced by animal cells occur as glycoproteins. Because

" microorganisms such as E. coli lack glycosylation machinery, recombinant
proteins produced by the bacteria lack sugar chains. Since many of
these non-glycosylated proteins do not express expected biological
activities, the functional role of the sugar chains of glycoproteins

has attracted researchers attention. Based on an idea to elucidate the
biological information included in the sugar chains of glycoproteins
and other glycoconjugates, and introduce them as knowledge of biology,

a novel scientific field called "glycobiology” has been established
recently.

In this symposium, I would like to give an outline of this newly devel-
oping bioscience field, and help readers to solve various problems in
producing glycoproteins by recombinant technique.

I. STRUCTURAL RULES INCLUDED IN THE N-LINKED SUGAR CHAINS OF GLYCO-
PROTEINS. ' :
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The sugar chains most abundantly detected in glycoproteins are classi-
fied into two groups. O-Linked sugar chains or mucin type sugar chains
contain an N-acetylgalactosamine residue at their reducing termini.
This N-acetylgalactosamine residue is linked to the hydroxyl group

of either serine or threonine residue of polypeptide by o~anomeric -
linkage. N-Linked sugar chains or asparagine-linked sugar chains
contain N-acetylglucosamine group at their reducing termini, which is
then linked to the amide group of asparagine residue of polypeptide by
B-anomeric linkage.

All N-linked sugar chains contain the pentasaccharide: Manol-—6(Mano
1—3)ManP1—4G1lcNAcB1—4G1lcNAC as the common core structure. This
pentasaccharide is.called "trimannosyl core". They are further classi-
fied into three subgroups (Fig. 1). Sugar chains, which fall into the
first group, contain only O-mannosyl residues linked to the common
trimannosyl core and are called high mannose type sugar chains.

A heptasaccharide with two

branching structures: ManQ . .
1—)6(Mangl-)3)Mana1—)6(Mana | Galpi->4GicNAcpin g GICNAC: Fucad
13) ManB1—>4GLCNACBL—4GLCNAC  Galpt-4GIoNACh1—»4 Manat | |
is commonly included in this Gmm—MGmNAquz
type of sugar chains as shown GalB1—4GIcNACBTx ,
by dotted line in Fig. 1.

" 6
SManpB1 +4GIcNACB1-+4GIcNAcE>Asn

2
Variation is formed in these Galp1—4GIcNACp1
sugar chains by the numbers R P,
and the locations of up to Mamn42Wmm1\eM : K
ano

four Mantol—2 residues linked \5:' : o ]
to the three non-reducing _gManp1-4GIcNACB1 -4GIcNActsAsn

Mana1—>21§_/lg_r_w_z_1 _{:
Manai—2Manai—2 {Manat #

terminal O-mannosyl residues ULl S ————d]
of the common heptasaccharide.

The sugar chains which fall iManalg

into the second group, complex iMarm,aMa"‘“\s _ _ ‘

type sugar chains, contain no GICNACRT 3Manp1 —4GIcNAcp1-4GIcNAct»Asn
other mannosyl residue than ngm1’ 4 5

the trimannosyl core. Galf1-4GIcNAC1~

| T
Instead, outer chains with GlcNACp1. Fucal

N-acetylglucosamine residue - L S
“'at their reducing termini are Fig. 1. Three subgroups of N-linked
linked to the two OG-mannosyl sugar chains. : :
.residues of the trimannosyl o . .

core. These outer chains are composed of N-acetylglucosamine,.
galactose, fucose, sialic acid, N-acetylgalactosamine and sulfate.
Presence or absence of the G-fucosyl residue linked to the C-6 position
of proximal N-acetylglucosamine and the f-N-acetylglucosamine residue
'linked to the C-4 position of the B-mannosyl residue of the trimannosyl
core (bisecting GlcNAc) contributes the structural variation of the
complex type sugar chains. The third group is called hybrid type!,
because the oligosaccharides which fall into this group have the struc-
tural features of both high mannose type and complex type sugar chains.
One or two O-mannosyl residues are linked to the Manol—6 arm offthg )
trimannosyl core like in the case of high mannose type, and the outer
chains found in complex type sugar chains are linked to the Manal—3
arm of the core of this group. Presence or absence of the a-fucosyl
residue and the bisecting GlcNAc linked to the trimannosyl core also
induce structural variation of the sugar chains of this subgroup. )
Among the three subgroups of N-linked sugar chains, complex type has.
the largest structural variation. This variation is formed by two
structural factors. From one to five outer chains are linked to the
trimannosyl core by different linkages, resulting in formation of mono-,
bi-, tri-, tetra- and pentaantennary sugar chains. Two isomeric tri-




antennary sugar chains containing either the GlcNAcP1—4 (GlcNAcP1i-2)
Manol—3 group or the GlcNAcP1-36 (GlcNAcP1l->2)Manal—6 group are found.
These isomeric triantennary sugar chains are called 2,4-branched and
2, 6-branched triantennary sugar chains, respectively. Various struc-
tures are found for the outer chain moieties of complex type sugar
chains. Combination of antennary and the various outer chains will
form a large number of different complex type sugar chains. C
In contrast to N-linked sugar chains, O-linked sugar chains contain
less structural rules. o

II. BIOSYNTHESIS OF N-LINKED SUGAR CHAINS —— A UNIQUE PATHWAY INCLUD-
ING THE PROCESSING AND THE MATURATION. ' : ‘

N-Linked sugar chains are formed by a series of complex pathway includ-
ing lipid-linked intermediates?. First, GlcNAc-1-P is transfered from
UDP-GlcNAc to a polyisoprenol monophosphate:dolichyl phosphate (Dol-P) .
The N-acetylglucosamine residue of the GlcNAc-P-P-Dol is the sprout of
N-linked sugar chain. To this N-acetylglucosamine residue, another
N-acetylglucosamine and five mannose residues are transfered from UDP-
GlcNAc and GDP-Man, respectively. The lipid bound heptasaccharide is
converted to Glci*Mang*GlcNAc,-P-P-Dol by further addition of four O-
mannosyl residues from Dol-P-Man and three a-glucosyl residues from
Dol-P-Glc. The tetradecasaccharide of the lipid derivative is then
transferred en bloc to the asparagine residue of the polypeptide chain,
which is being translated in rough endoplasmic reticulum by the cata-
lytic action of dolichylpyrophosphoryl oligosaccharide:polypeptide
oligosaccharyltransferase residing in the endoplasmic membrane. Only
the asparagine residues in the sequence of Asn-X-Ser/Thr, where X can
be any amino acid other than .proline, are glycosylated.

The completely translated polypeptide with the tetradecasaccharide

is then transported to Golgi apparatus. During this transport, three :
o-glucosyl residues and at least one Manol—2 residue are removed by
the action of two o-glucosidases and an o-mannosidase residing in the
membrane of endoplasmic reticulum. After being translocated to cis-
Golgi, the N-linked sugar chain of the polypeptide is converted to
Mans*GlcNAc, by the action of Golgi o.-mannosidase I which removes all
Manal—2 residues from the sugar chain. A series of high mannose type
sugar chains is now considered as the intermediary product of this
trimming process. When the glycoprotein is translocated to medial-
Golgi, an N-acetylglucosamine residue is added at the C-2 position

of the Manal—3 arm of the trimannosyl core portion by the action of
N-acetylglucosaminyltransferase I (GnT-I). Addition of this N-acetyl-
glucosamine residue changes the sterical arrangement of the two O-
mannosyl residues, so that they can be removed by Golgi e-mannosidase
II. These are the whole features of the processing pathway to form
monoantennary complex type sugar chain. Action of another N-acetyl-
glucosaminyltransferase (6nT~III) to the processing intermediates
converts them to bisected sugar chains. The o-mannosyl residues of
these bisected sugar chains cannot be removed by Golgi o-mannosidase
II. Hybrid type sugar chains are considered to be produced from these
deadlocked intermediates. \

Starting from monoantennary sugar chains, a series of complex type
sugar chains is formed by the action of various N-acetylglucosaminyl-
transferases® (Fig. 2). Each B-N-acetylglucosamine residue is further
elongated by the action of various glycosyltransferases as depicted in
Fig. 3. Bisecting GlcNAcC residue cannot be the acceptor of any of these
glycosyltransferases, and remains unchanged during these maturation
processes. Glycosyltransferases catalyzing these reactions have strict
specificities for donor and acceptor substrates. Under the cellular
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condition where - { i

enough nucleotide © Manat,

sugar pools are : ngmqw
available, levels GleNACH! —+2Manat -

and acceptor : T
specificities of . GloNAcH!
g lyc_:osyltr ans- : GlcNAcm-oZManm‘s v u GIcNAcm—onnnaL‘S
ferases are of MmN**-——* 3
pr imary importance GIcNAcB!azManaV' GIcNAch—o:ManaV‘
for determining
the final struc- _ GieNach]
ture of an outer  aGiNAcpr GIcNAC1-+2Manal, M GlcNAGBI+2Manai,, c
chain moiety of GlcNAch‘zM ata ManBI—MR GlcNAc| 51\,4 e Mnnm-uﬂ —_— GlcNAch,‘ 3 Manpl-olﬂ
complex type GlcNACB1 -»2Mana1* 3 GicNAcp1~2 GleNAcp1-~2 e

sugar chain. For

example, an 02,6~ v

sialyltransferase .
urified from rat GIcNACH1, g ; GlcNAcp1, CioNACR!

6

. . . Mana1 : 4
liver can transfer . GlcNAcp1»2 S M GlcNAcm)zMa"a\ M

sialic acid to v GlcNAcH ., Mam)g""“ﬂ’*‘“ " GioNAchi, ’sManm-un
the GalPpl—4GlcNAc GIoNACB1~2 : GicNAcp,ﬂM“m

group producing o ,

the Siao2—6Galf : R = GIcNAGB1 ~+4GIcNAC—+Asn (peptide)

1—4G1cNAc group, : : .

but not to the Fig. 2. Biosynthesis of a series of complex type
GalP1—3GlcNAc sugar chains by the actions of GnT-II ~ V.

group. An 02,3- C o —
sialyltransferase ' Fucal

purified from the i

samé source can Galp1>3GICNACBI+R  —e———————>  GalB13GIcNACB1-R
transfer sialic

acid to both the . : NeuSAca2
GalP1—4GlcNAc and Il

the GalPfl—3GlcNAc
groups!. There~
fore, an oligosac-

charide structure
can be recognized Neu5Aca2—6GalB1—4GIcNAcp1—-R

by a glycosyl- ”//,r

transferase or Galp1—+4GICNACBI SR ——— 5 Galp1-54GIcNACBI-R
by some glycosyl- : 3
transferases. In ‘ T

the latter case, Fuca?
distinct glycosyl
linkages are l
formed in a dif-
ferent ratio as a
result of compe- .
tition between Fig. 3. Formation of various outer chains R
glycosyltransfe- represents the trimannosyl cores.

rases. Competi-

tion also occurs between glycosyltransferases which add different sugars
to a common acceptor sugar chain. A typical example 'is the case of
sialylation and fucosylation of the GalP1—4GlcNAc group in the complex
type sugar chains. An o2,6-sialyltransferase purified from bovine
colostrum and an 1,3-fucosyltransferase from human milk can produce the
slaa2—96Ga1B1—+4G1cNAc and the Galﬁ1—+4(Fuca1-+3)GlcNAc groups by acting
on asialotransferrin, respectlvely However, fucosylated asialotrans-
ferrin cannot serve as a substrate for the @2, 6-sialyltransferase.

Manf1-4R

6
NeuSAca2—3Galf1—-+3GIcNAcp1-R
GleNAcp1-R

GIcNACB1—3Galp1—4GIcNACB1-R

Galp1—4GIcNAcB1 »3Galp1 »4GIcNAcB1-R
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Similarly, prior sialylation prevents the following fucosylation by

the al,3-fucosyltransferase. Therefore, the ratio of sialylated and
fucosylated outer chains must be determined by the ratio of the sialyl-
and the fucosyltransferase activities expressed in a cell. '

III. HOST CELL DEPENDENT PROTEIN GLYCOSYLATION —— SPECIES AND ORGAN
SPECIFIC SUGAR CHAIN FORMATION. '

The- enzymes responsible for the processing of N-linked sugar chain are
included in all cells. However, expression of the glycosyltransferases
related to maturation of the sugar chain is quite different by animal o
species and by organs. The most clear-cut evidence for the species- -
specific and organ-specific glycosylation was provided by the systematic
investigation of the sugar chains of Y-glutamyltranspeptidase (Y-GTP) 6.
This enzyme widely occurs in all mammals as a membrane integrated glyco-
protein of epithelial cells of various organs. Only N-linked sugar
chains are found in these enzymes. In Fig. 4, structures of major sugar
chains of y-GTPs purified from the kidneys and livers of various mammals
are summarized.

Both kidney and liver enzymes of mouse contain biantennary sugar chains.
However, the structures of outer chains of the two enzymes are totally
different. Furthermore, '

the sugar chain of the
kidney enzyme contain
bisecting GlcNAc and core
fucose, which are not
found .in the sugar chain
of the liver enzyme.
Therefore, organ-specific
difference exists in the
sugar chain of mouse Y-
GTPs. Structural differ-
ence is also found in the
sugar chains of kidney
and liver enzymes of
other mammals. Species-
dependent glycosylation
was also found to occur
in both kidney and liver
enzymes.

Presence of the species-
and organ-specific dif-
ference in the glycosyl-
ation of proteins will
afford many problems

in the production of
glycoproteins by
recombinant technique.
Actually, comparative
study of the N-linked
sugar chains of natural
human interferon-f1
(IFN-B1l) and three
recombinant IFN-Bls
produced by different
mammalian cell lines
transfected with the

gene coding human IFN-B1
revealed that they all

Kidney
rat and bovine " 1
:GlcNAcm\s GlcNAcp1 ucal
Manal 6
(Sian2—3GalP1=4);-4 KG;:gng:" 8 Mang1 —+4GICNACH1 -+4GIcNAC
- ~
® ;Manal” .
GIcNACp1~
mouse
Fucal
{ GIcNAcB1 Fucat
i 1

3
GalB1—4GIcNAcB1 —»2Manu1‘6 4 6
aManm—MGlcNAcm—MGlcNAc

Galpf1—4GIicNAcB 1 22Manat~
3

Fucal

human

+Fucal GlcNAcB1 : Fucal
i i 13
3 2Mana1‘6 4 R
(Galpt —4GIcNACB1-)a { , 3Man[$1 —4GIcNAcp1-4GIcNAC

Manai-” :

2

Liver
rat and human

iFucal

Sia-Galf1—4GicNAcf1o2Manal, 6 6
+{Sia-Galp1 —4GIcNAcp1 ~a) a3 ManpB1-4GIcNAcf1-+4GIcNAC
Mana

1>

Sia-Gaip1 —mGlt:NAcl.’ﬁ)'2

mouse
Siaa2
1

6
Siax2—3Galp1 »3GIcNACp1 —»2Manm1\,s

3Man1 —4GIcNACB1 ~4GIeNAC

Siaa2—3Galp1 —»361§NACD1 —2Manat~

7
Siaa2

Fig. 4. Major sugar chain structures of
Y-GTPs from the kidney and the liver of
various mammals. i
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contain different sets of N-linked sugar chains?’. More than 80% of

the sugar chains of natural IFN-B1 had a biantennary structure. The
remainder was composed of 2,4-branched (10%) and 2, 6-branched (8%)
triantennary sugar chains. Recombinant IFN-B1 produced by Chinese-
hamster ovary (CHO) cells contained sugar chains most similar to those
of the natural counterpart. However, it contained increased amount -
of 2,6-branched triantennary sugar chains (31%) with a slight decrease °
of biantennary sugar chain and complete absence of 2,4-branched tri-
antennary sugar chains. In addition to the increase of 2,6-branched
triantennary sugar chains, appearance of a small amount of tetraanten-'
nary sugar chains (4 to 5%) was found in other recombinant IFN-Bls "~
produced by mouse epithelial cells derived from breast carcinoma (C127)
and by human lung adenocarcinoma cells (PC8). 2,4-Branched triantennary
sugar chains did not occur in PC8 cell-derived IFN-B1l as in the case of’
CHO cell-derived IFN-Pl. Host cell-dependent differences in glycosy-
lation were observed not only in the antennary structures, but in-the o
structures of outer chains and trimannosyl core. Natural and CHO cell-
derived IFN-Bls were quite similar in that all of the sugar chains are
not bisected and contain only the Sia®2—3Gal group. In contrast, :
sialic acids in the sugar chains of C127 cell-derived IFN-B1 exclu-
sively occur as the Sia02—6Gal group, and the Galol-+3Gal group was
externisively expressed. The most remarkable characteristic found in -
the sugar chains of PC8 cell-derived IFN-P1 is the presence of bisected
trimannosyl core, which is expressed in one fifth of the sugar chains.
Organ-specific and species-specific expression of glycosyltransferases
should be the enzymatic basis of the different sugar patterns of these’
recombinant IFN-Pls. Another factor, transformational change in the '
expression of glycosyltransferases must also be considered as the C
background of this phenomenon, because all host cell lines used for the
production of recombinant IFN-Pls are tumor cells. The phenomenon of

altered glycosylation of proteins is widely found in various tumors®-10,

IV. EFFECT OF POLYPEPTIDE PORTION ON THE STRUCTURE OF MATURATED SUGAR
CHAIN. o

As described above, it is obvious that a key factor to determine the
structures of sugar chains of a glycoprotein is the level and the set of
glycosyltransferases expressed in the cell producing the glycoprotein.’
However, there are many examples indicating that distinct sites of a
glycoprotein are differently glycosylated.

Human chorionic gonadotropin (hCG) is composed of & and B subunits,
both of which have two N-linked sugar chains. The B subunit contains

1 mol each of biantennary sugar chains with fucosylated and non-fucosy-
lated trimannosyl cores. In contrast, the « subunit contains 1 mol
each of mono- and biantennary sugar chains with non-fucosylated "
trimannosyl corell. Since both subunits are synthesized by the same
trophoblast, this evidence indicates that the conformation of each
subunit control the maturation of the sugar chains attached to it.
The phenomenon of protein-dependent glycosylation is more precisely
documented by the fact that structural difference is observed among’
the different recombinant glycoproteins produced by the same host cells.
For example, almost all of the sugar chains of recombinant interferon-y
produced by CHO cells are of biantennary complex type'?, while more than
80% of the sugar chains of recombinant erythro oietin produced by the -
same cells are of tetraantennary complex type!®. As described already,
recombinant human IFN-B1 produced by CHO cells contains bi- and tri-
antennary sugar chains in a molar ratio of 7 to 37. This protein
controlled glycosylation may be useful in making glycoproteins by
recombinant techniques. ’ '
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V. STUDY OF FUNCTIONAL ROLE OF THE SUGAR CHAINS WITH USE OF RECOMBINANT
GLYCOPROTEINS. '

As already discussed, many recombinant glycoproteins contain different
sets of sugar chains from their natural counterparts. By investigating
the biological activities and the sugar chain structures of these recom-
binant glycoproteins, a new approach to elucidate the function of the
sugar chains of glycoproteins has been opened. As an example, recent
studies on recombinant human erythropoietln (EPO) will be introduced
below.

EPO is a haemopoietic hormone specific to cells in erythroid lineage.
Human EPO consists of 165 or 166 amino acids, and contains three N-
linked sugar chains and one O-linked sugar chain. Total sugar chains
amount to 40% of the molecular weight of this glycohormone. Although
desialylated EPO was more active than sialylated one as measured by the
biocassay system in vitro, it showed no in vivo hormonal activity. Hence
the functional role of the sugar chains of EPO had been attracting
researchers attention. Successful cloning of the structural gene of
human EPO in 1985 opened a way to obtain large amount of recombinant
EPO. Takeuchi et al.!® analyzed the structures of the N-linked sugar
chains of recombinant EPO produced by CHO cells and of natural EPO puri-
fied from the urine of patients with aplastic anaemia. As summarized in

Table I. Structures of the N-linked sugar chains and their molar
ratio of natural and recombinant EPOs. R=GlcNAcPl—4(Fucol—6)-
GlcNACgp; R'=GlcNACBl—4GlcNAcgy. *Natural EPO has a2—3 and 02—6
linkages. **The locations of the N-acetyllactosamine repeat in
the sugar chains of natural EPO were not determined.

) Percent molar ratio
Structures tHUEPO  Urinary HUEPO
R R’ R R’

{ Galf1—4GlcNAcf1—2Manal g
(NeuAcaZ-—»S)l-. Manal—4R/R° 41 19 53 3.7
Galf1—4GlcNAcf1—2Manal #3
Galg1—4GIcNAcS1—2Manal \g
Galf1—4GlcNAcB1 Ny Manal-4R/R’ 48 4.1 24 12
Manal 2

Galf1-4GlcNAcf1 2
Galf1-4GlcNAcS1 \g

(NeuAcaz—»S).-,

Manal\s
Galf1—4GIcNAcS1 72 Manl—4R/R’ 24 21 151 49
Galf1—4GlcNAcg1-2Manal / 3
Galﬂl—»‘iGlcNAcﬁl\s

2Mana1\6 )
. Galf1—4GIcNAcS1 Mangl-+4R/R’ 396 64 519 80
(NeuAca2—3),., | Galfl—4GIcNAcS1 N\

2

(NeuAca2—»3),-;

Manal 3
Galf1—4GlcNAcS1L »

Galﬂl—utGlcNAcﬂl\s
Galﬂl—dGIcNAcBl—»i! Manal\s -
. Galf1—4GlcNAcAL 2 MangS1—4R 302 0 69 0
(NeuAca2-+3)1-3 Galp1+4GIcNAcB1\ 4
Manal 23
,. Galf1—4GlcNAcS1 22

Galf1--+4GlcNAcf1—» 3 Galf1—4GlcNAcS1\ 6
. » Manalg 43 0 06 -0
(NeuAca2—3)1-2{ Galf1—4GlcNAcpL— 3 Galfl—4GIlcNAcS1 2 Manf1—4R i
’ Galf1—4GlcNAcS1\ 4
o Manal 3
Galf1—4GIcNAcf1 2
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Table I, no qualitative difference was detected in the sugar chains of
the two EPO samples, except for that the sugar chains of the recombinant
EPO contains only the NeuS5Aca2—3Gal group while natural EPO contains
both the NeuSAc0i2—3Gal and the NeuS5Aco2—36Gal groups. This structural
similarity warrants the usefulness of the recombinant EPO as a drug to
treat anaemia.

During the course of studies on the effective production of EPO in
recombinant CHO cell lines, a cell line, B8-300 was found to produce an
EPO preparation with extremely low in vivo hormonal activity. Study of
its sugar chains revealed that the EPO is enriched in biantennary sugar
chains!®. cComparative study of the sugar patterns and the in vivo
activities of several preparations of recombinant EPO revealed that the
activity was proportional to the ratio of tetraantennary and biantennary
sugar chains. The low in vivo activity of the EPO obtained from B8-300
was not due to a defect in the activation of the biological response at
‘the receptor level, since its in vitro activity was considerably higher
than that of normal EPO. :

Study of the effect of enzymatic trimming of the sugar chains on the in
vitro activity of normal EPO revealed that removal of the outer chain
moieties of its N-linked sugar chains increases the in vitro activity
of EPO. The activity was gradually diminished by further trimming of-
the -trimannosyl core portions, and finally lost by removing all N-
linked sugar chains!®. These results indicated that highly branched
and sialylated N-linked sugar chains take part in targeting EPO to bone
marrow, and the core portion of the sugar chains is important for-the
action of EPO on the target cells. o . ‘

CONCLUDING REMARKS

Because of the limited amount of space, EPO was chosen as a topic of the
functional study of the sugar chains of glycoproteins. Another recent
report of interest is the study on the sugar chains of recombinant
tissue plasminogen activator (TPA). An important evidence is that TPA
is a mixture of two glycoproteins with two and three N-linked sugar
chains, and the kinetics of the fibrinolytic activity of these two
glycoproteins are quite different. Rademacher et al.l® suggested that

a mixture of the two glycoproteins in an appropriate ratio is necessary
to dissolve thrombi effectively while suppressing the ill effect of TPA:
acceleration of systemic fibrinolysis. This may indicate the complex
nature of glycoprotein drugs. . ' '
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Testing Human Oncogenes in Transgenic Mice
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It is strongly suggested that the cancer development is essentially caused by
the activation of oncogenes andfor inactivation of antioncogenes that were -not
only from germline mutations but also from somatic mutations

~ "Many genes have been reported to be involved in carcinogenesis. ras family

genes (Ha- Ki- and N-ras) are one of the genes that are reported to be involved
in the regulation of cell proliferation and differentiation in normal eukaryotic
cells (1). Moreover, activated types of ras oncogenes are . frequently found. both
in human cancers and in chemically induced animal cancers. It appears to be
implicated in tumorigenesis (1). A somatic point mutation in the 12th or 61st
codon and less frequently in the 13th or 59th codon of the ras gene seems to
acquire transforming activity in in vitro cell culture systems such as the
NIH3T3 cell line. However, the in vivo effects of these ‘mutational changes of
the ras oncogens in the tissue-specific development of animal and of human
cancers remain to be elucidated. ' . o

Animal model systems have been used to study the causative role of the ras
gene in development of tumors and their tissue-specific activity in vivo. A
many animal tumors in which ras oncogenes have been reproducibly found to
be activated were induced by a variety of chemical carcinogens. For example,
in rat mammary carcinomas induced by a single dose of N-methyl-N'-

nitrosourea (MNU) during puberty, the c-Ha-ras oncogene was activated in 82%
of the treated rats. The skin papillomas and carcinomas induced by the
initiator dimethylbenzanthracene (DMBA) followed by multiple applications of
the promotor 12-O-tetradecanoyl-phorbol-13-acetate (TPA) showed a very
high frequency (90%) of activation of the c-Ha-ras oncogene in the mouse.
These models also provide good systems for studying the mechanisms of the
point mutational activation of ras genes.

Transgenic animal models that carry an activated ras gene under the control
of a certain type of promoters and accomplish their targeted expression in the
expected tissues were also generated. “We have also generated unique
transgenic mouse lines (rasH2, rasH7 and rasH8) with the proto-type human c-
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Ha-ras gene with its own promoter. All of these lines developed tumors
spontaneously; they were angiosarcomas, skin papillomas, lung and Harderian
gland adenocarcinomas (2).  Interestingly, the somatic mutations of the
transgene were observed in these tumors, but not in the normal tissues (3).
The type of the mutations was also tumor-specific; for instance, a base
substitution of the codon 12 and 61 of the transgene was always detected in
skin papillomas and angiosarcomas, respectively. These results suggested that
the definite somatic mutation of the transgene in certain cell types was a
causative event in tumorigenesis in these transgenic mice. However, with this
approach the tumor incidence was about 50% and the latent period was as long
as 18 months, since the mutational events were sporadic.  Therefore, we
. administered alkylating agents, MNU and DMBA, to rasH2 transgenic mice in
order to induce tumors more frequently as well as within a shorter latent
period of time than in the natural conditions. MNU is known to cause the GC to
AT transition very frequently at the codon 12 of the c-Ha-ras gene from GGC to
GAC. On the other hand, DMBA is an agent which is known to cause the AT to
TA transversion also very frequently at the codon 61 of the c-Ha-ras gene from
CAG to CTG. ‘ :

Transgenic mice were confirmed to be very susceptible to the chemical
carcinogens, both of MNU and DMBA. Within 12 weeks after administration of
MNU or DMBA, the transgenic mice developed forestomach papillomas and then
carcinomas very frequently, at the rate of almost 1oo% and almost all of the
tumors had point mutations at the 12th codon from GGC (Gly) to GAC (Asp) by
MNU and the 61st codon of the transgenes from CAG (Gln) to CTG (Leu) by
DMBA. Because any somatic point mutations in the transgene have never been
detected in normal tissues of the transgenic mice in this short period, these
mutations seemingly activated the human proto-type c-Ha-ras transgene.

Next, we tried to use these transgenic mouse lines for testing the chemical
substance, azatyrosine, which is known to convert the NIH3T3 cells transformed
by the activated ras genes to normal cell types. MNU was administered once
intraperito-neally into transgenic mice, and then azatyrosine was introduced
every other days for 12 weeks. All transgenic mice which were administered
only with MNU, but not with azatyrosine, developed forestomach papillomas.
However, all transgenic mice which were administered with MNU and then
treated with azatyrosine have never developed forestomach papillomas at all
4). :

From these results, it is suggested that the somatic mutation of the human c-
Ha-ras transgene plays a causative role in the occurrence of the forestomach
and skin papillomas induced by MNU or DMBA administration in transgenic
mice. This transgenic mouse provides a unique screening system for chemicals
that induce or suppress the tumorigenesis. '

1.Nishimura,S. andv Sekiya,T.: Biochem. J., 234, 313-327 (1987)
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MULTIPLE GENETIC ALTERNATIONS IN HUMAN CARCINOGENESIS
Masaaki Terada
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ABSTRACT

Multiple steps are required for conversion of a normal cell to fully
‘malignant cancer cells with metastatic and invasive  capacity. During
the multi-step carcinogenic process, multiple genetic changes occur
involving those of proto-oncogenes and tumor suppressor genes. We
have focused studies on genetic changes in the late stage of
carcinogenesis. We have shown here amplification of newly isolated
gene, K-SAM, in poorly differentiated type of stomach cancer but not
in differentiated type. Frequent amplification of 11ql3 regions
containing HST1, INT2, cyclin D/EXP2 and EXP1l gene -in esophageal
cancer was also shown together with multiple amplification units in a
cancer cell. Our results of studies on scenarios of multiple genetic
changes in various cancer are also reviewed and discussed together
with those reported from other laboratories.

INTRODUCTION

To convert a normal cell to fully malignant ¢ells with invasive and
metastatic capacities, several carcinogenesis steps are required,
involving steps for initiation, promotion and progression, which
usually require 10 to 20 years. For each carcinogenic step, a genetic
change occurs, including activation of proto-oncogenes and
inactivation of tumor suppressor genes. Infection of virus can also
be considered to be a genetic alternation. We have been studying
genetic changes in various human cancers, and some of scenarios of
genetic changes specific to each type of cancer have been elucidated.
We have also been studying gene amplification, which occurs in the
late stage of carcinogenesis and probably contributes malignant
phenotype of cancer. The results of our studies on multiple genetic
.changes in cancer will be presented together with those reported from
" the other laboratories, and significance of genetic changes,
especially that of gene amplification in diagnosis and treatment of
cancer will be discussed. . ' s
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RESULT & DISCUSSIONS

one of the characteristics of a cancer cell is aneuploidy. and’:
increased content of DNA is often associated with increased malignancy =
of cancer. More than 6 proto-oncogenes have been identified and
characterized, and most of the products of these genes are considered
to play crucial roles in signal transduction pathway. There have,
however, been only limited number of proto-oncogene reported to be
altered in human cancer. MYC family, RAS family, c-ERBB-1 and c-ERBB-
2 are the proto-oncogenes reported to be amplified in some types of
cancers. It is very likely that there are yet-to-be~discovered genes
which plays important roles in development of human cancer.
Accordingly, we decided to search for amplified genes which gave
growth advantage to cancer cells in the late stage of carcinogenesis.

In-gel DNA renaturation method was initially used to detect amplified
genes in human cancer!. Cancer we have studied to identify amplified
genes was KATOIII cells, an established cultured cell line derived
from schirrus type of stomach cancer?. Stomach cancer is still the
most common cause of cancer death in Japan, and one of the most common
cancer in the world. Yet, there have been little information
available for genetic changes in stomach cancer. By in-gel DNA
renaturation method, we identified many amplified DNA sequence. One
of the amplified sequence was cloned directly from the gel, and by
genomic walking and cDNA cloning, a new amplified gene was identified.
The gene was designated as K-SAM, and the nucleotide sequence analysis
of cDNA of K-SAM predicted that K-SAM encoded a transmembrane type of
receptor with tyrosine-kinase activity. We have isolated cDNA for K-
SAM related gene, N-SAM, .and N-SAM was turned out to bé quite
homologous to chicken bFGF receptor and later found to be identical to
FLG or FGFR1. . Thus, K-SAM was considered to encode a receptor for one
of a FGF family growth factor. K-SAM was later ﬁound'to be identical
to BEK or FGFR2. K-SAM was amplified in 20% of poorly differentiated
type or diffuse type of stomach cancer, but not in well differentiated
type or intestinal type. In contrast, c-ERBB-2 was amplified in 40%
of well differentiated type of stomach cancer but not in poorly
differentiated type. Immunohistochemical analysis showed that K-SAM
product was highly expressed in metastatic lésions of poorly
differentiated type of stomach cancer. It was also shown that there
were at least 4 types of K-SAM mRNAs generatedlpossibly by alternative
splicing, and presence of soluble K-SAM products without transmembrane
domains were predicted3. Ligand(s) for K-SAM proteins is a growth
factor belonging to FGF family or heparin binding growth factor
family. - It includes aFGF, DbFGF, INT2 protein, HST1 protein. FGFS5,
HST2/FGF6 and KGF. It was reported from other laboratory that the
ligand for K-SAM could be KGF. ' o S
We have previously isolated HST1 gene as_a transforming gene in a
stomach cancer using NIH3T3 transfection assay?. 'Unlike aFGF and bFGF,
HST1 protein contains a signal peptide and excreted outside of the
cells. The HST1 protein was shown to have 4a potent angiogenic
activity and transforming activity. ~HST1 was localized on human

chromosome 11ql3 about 35kb apart from INT25., The HST1 and INTZ2 was

amplified in 40% of esophageal cancer and 20% of breast cancer. It
was found that 100% of lymph node metastasis of esophageal cancer
contained amplified HST1 gene. » B ' T o

There has,  however, been no detectable mRNAs for HSTI or ‘INT2 in
esophageal cancers, even though these cells contained amplification of

the .genes. It was likely that there were other unknown genes, near
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HST1 and INT2 which was amplified and expressed frequently in
esophageal cancer and gave growth advantage for these cancer cells.
By cosmid walking, two genes were identified on the same amplicon
containing HST1-INT2 genes on 11ql3. One is designated as EXP1. and
the other is EXP2. Sequence analysis of corresponding cDNAs showed
that EXP2 was identical to recently reported cyclin D gene, while the
product of EXP1 gene remains unknown. We had recently identified the
other gene on this amplicon on 11ql3 by an exon trapping. These
results showed at the first time that one amplicon contains at least
five genes one of which was considered to provide esophageal cancer
cells with growth advantages. In addition, we have recently found
presence of quite a few amplicons in a single cancer cell and
different amplicons were isclated by a genomic subtraction method.

We have reported in 1984 presence of K-RAS point mutation,
amplification of a point mutated K-RAS and c-MYC in a pancreatic
cancer, providing us with a case containing multiple genetic changes®.
The cancer cells later were shown to contain mutation of p533 gene. It
was reported that K-RAS point mutation occurred in 80% of pancreatic
cancer. K-RAS point mutation, however, seldom observed in stomach
cancer and small cell lung cancer, indicating that type of gene
involved for alteration were depended upon the types of tumors. Based
on the experimental results, we have initiated to study genetic
changes in several cancers.

In small cell lung cancer, loss of heterozygosity (LOH) on 3p, 13q and
17p occurred in 100% of the cases, while LOH on 3p was observed in 80%
of adenocarcinoma of lung. In some cases, amplification of MYC proto-
oncogene was detected’. LOH on 13q and 17p were later found to involve
RB gene and p53 gene, respectively. The remaining allele of RB gene
or p53 gene in small cell lung cancer was shown to have mutation. 1In
stomach cancer, p53 gene mutation was frequently found. In
differentiated type of stomach cancer, RAS point mutation and c-ERBB-
2 amplification could be detected in some cases. Poorly
differentiated type contains no RAS mutation and c¢-ERBB-2
amplification but some had K-SAM amplification. In cervical cancer,
LOH at 3P was quite frequently found in addition to HPV infection®. It
was shown that E7 and E6 protein of HPV type 16 bound to RB protein
and p53 protein, respectively and inactivated these tumor suppressor
gene products at the protein levels. The p53 gene is the gene most
commonly reported to be altered in human cancers. The p53 gave
mutation was found in esophageal cancer, colon cancer, liver cancer,
ovarian cancer, endometrial cancer and bladder cancer of invasive type
but not in superficial type. The mutation of P53 gene as well as c-
ERBB-2 amplification were good markers for poor 5-year survival for
breast cancer. Scenarios of multiple genetic changes in colon cancer
were clearly shown by the data from other laboratories, involving APC
or MCC, RAS, p53 gene and DCC. The presence of a scenarios of
multiple genetic changes each specific to origin of tissues or a cell
from which cancer develops is now well established, and presence of
multiple genetic changes in the clinical .cancer has been well
documented. Significance of these multiple genetic changes will be
discussed in relationship to prevention, diagnosis and treatment of

cancer.
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ABSTRACT

Estrogen not only plays important roles in feminization of various
reproductive organs but also appears to play crucial roles in extragonadal
development including central nervous system. Although most estrogen
actions are mediated by estrogen receptor (ER) that binds to estrogen
responsive genes, relatively few of which are identified so far. In order to
search for those genes, we have developed a novel procedure in which
human genomic DNA fragments were selected for the presence of the
estrogen response element (ERE) by binding to the E. coli-expressed
DNA-binding domain of the rat ER. Repetition of this type of screening
yielded several clones having the authentic palindromic ERE, some of
which showed transcription enhancing activities when ligated to the
standard promoter-CAT reporter construct. By using genomic contiguous
fragments as probes for Northern-and Zoo-blots, we have identified a gene
that is expressed in human placenta. The gene encodes a novel protein
having multiple Zn-finger domains.

INTRODUCTION

Although a wide variety of estrogen action are described on different
organs and tissues, relatively few genes are known that are responsive to
estrogen receptor (ER). Estrogen responsive genes that have been
identified so far include those of vitellogenin (1), prolactin (2), pS2 (3),
ovalbumin (4) and progesterone receptor (5). ~ More important genes
which should regulate the growth of female organs such as mammary
gland and uterus in response to estrogen, for example, have not yet been
found. Moreover, ERs have also been identified in various nuclei of female
as well as male central nervous system (6-9) and in bone cells (10-11)
implicating some important roles of estrogen responsive genes in a
number of extragonadal organs. Since identification of more estrogen
responsive genes appears crucial for more understanding of the molecular
physiology of estrogen action, we have attempted to screen and isolate
estrogen responsive genes by a novel procedure.
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~ The rationale is that the binding specificity of the DNA-binding domain
of the ER (ER-DBD) could be utilized to isclate the DNA elements in’
genomic DNA that flank the estrogen responsive genes. Therefore, we
produced a protein of the ER-DBD in £ co/f and screened human
genomic fragments by selection cycles with filter binding. Five ER-
binding fragments containing perfect palindromic estrogen responsive
element (ERE) sequences were isolated and some of these fragments
showed estrogen-dependent enhancer activities (12). Furthermore, we
identified a protein-coding region adjacent to one of these sequences.

MATERIALS AND METHODS

Experimentals have been described in a previous paper (12) in detail
Other procedures will be published elsewhere.
RESULTS

The production and purification of the ER-DBD protein in Z.colf .
A DNA fragment containing the whole ER-DBD was expressed in £ col.
The cells were disrupted by sonication and the inclusion bodies
accumulated were collected from the sonicated lysate by sucrose gradient
centrifugation. They were denatured and solubilized in 8 M urea and
renatured by step dialysis in the presence of 0.056 mM ZnCl2. SDS-
polyacrylamide gel electrophoresis showed that the recombinant protein
was purified to near homogeneity (Fig.1a). The protein migrates with a
Mr of 14 kDa which corresponds to the caluculated Mr (14,039 Da) of the

ER-DBD protein. ‘

The binding specificity of the ER-DBD protein

We confirmed the DNA-binding specificity of the ER-DBD protein by filter
binding assay and footprinting. The vitellogenin A2 enhancer sequence
containing an ERE was cloned into plasmid pUC18. The plasmid
(pUC/vitEREO was digested with Hpall and EcoRI and 3'-end labeled with
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Fig.1.The purity and binding specificity of the ER-DBD protein.
(a) SDS-gel with markers (M). (b) Filter-bound proteins with 0
{lane 1), 0.2 (lane 2) and 5 (lane 3) pmol of ER-DBD protein. M
represents the total Hpal/EcoRI fragments of pUC/vit ERE.(c)
Footprints of vitERE by 0 (lane 1), 1 (lane 2} and 2 (lane 3)pmol ot
ER-DBD protein. M is a sequence ladder A (> C).

29




[ -3zP]dCTP. The labeled fragments were mixed with the ER-DBD
protein and bound fragments were trapped by nitrocellulose filter. Only
the fragment containing the ERE of vitellogenin enhancer was trapped
(Fig.1b: lane 23). Other fragments derived from plasmid pUC18
sequence failed to bind the protein and passed through the filter. The
sequence protected by the ER-DBD protein was then determined by
DNase I footprinting. The single-end labeled DNA fragment containing
the ERE of vitellogenin A2 enhancer was prepared from the pUC/vitERE
plasmid, incubated with the ER-DBD protein and then digested with
DNase I. The protected sequence was the consensus sequence of ERE
(Fig.1c: lane 2, 3) and corresponded to the binding sequence of the intact
ER (39).

Isolation of the ER-binding fragments in genomic DNA

The fragments bound to the ER-DBD protein were selected by
nitrocellulose filter. The selection process shown in Fig.2 was repeated
six times and five independent clones were isolated. These plasmids
containing inserts ranging from 200 bp to 2 kb were named E1-E5.
Sequence analysis has shown that all of these fragments contain perfect
palindromic ERE sequences termed here ERE1-ERES5, respectively
(Fig.3). Southern blot analysis for the E2 and E3 fragments showed that
these fragments were present in single copy or at most a few copies in
human genome (data not shown). In addition to the E1-E5 fragments, we
also isolated seven ER-binding fragments from genomic DNA digested
with SauBAl by the whole genome PCR method (13). Only one of them
contained the perfect ERE sequence and was named Epcr. Interestingly,
the Epcr was a part of the E3 fragment as demonstrated by the presence

—_ = S ER-DBD
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High molecular welght
DNA digested with NIt
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Bound fragments =— < -

. Unbound
Clone into plasmlid vector fragments

ER-DBD '
o protein Plasmid Library
==J
—= =
= -
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Fllter T election
'ﬁ% cycles -
Pass through/ Amplification
wash \
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Fig.2.The strategy for the screening of ER-binding fragments in
genomic DNA.
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of identical ERE3 and neighboring sequences (data not shown). These
findings indicate that we have isolated the ER-binding fragment derived
from the same locus in the genome by two independent experiments with
similar but slightly different procedure.

El -0 EREl GAAGGGGICAAGGIGACCGGGAG
B2 e ERE2 CTTGGGGICAGCCIGACLTGGAT
| S ERE3 ATCAAGGICAMGIGACCTTTTC
L ———— ERE4 vAGCTGmCAGmCGATG
£S5 ERES TGAGAGGTCAGGGIGACCTTTCA

vitERE AGTCAGGICACAGIGACCTGATC

B ERE sequence —— 200bp

Fig.3.The ER-binding fragments and their ERE sequences.

Enhancer activity of the ER-binding fragments

We wanted to know if these ER-binding fragments have any estrogen-
dependent enhancer activity. The whole ER-binding fragments, E1-E3,
were inserted into a reporter vector pBLCAT2 having a Herpes simplex
virus tk promoter to construct the El-tk-cat, E2-tk-cat, and E3-tk-cat,
respectively. The reporter plasmids were co-transfected with the ER
expression vector pSV2RcER into COS-7 cells. As controls, the reporter
plasmids without insert (tk-cat) and with the ERE of vitellogenin
enhancer (vitERE-tk-cat) were assayed simultaneously. 12 hr after
transfection, the cells were divided into two dishes and cultured in the
presence or absence of estradiol After 24 hr of culture, the CAT activities
were assayed (Fig.4). The ER expression vector was able to stimulate
vitERE-tk-cat in the presence of estradiol but not tk-cat itself.. The
estrogen-dependent enhancer activity was demonstrated clearly for the
El-tk-cat, although some background activity was noted even without the
ligand. For E2-tk-cat and E3-tk-cat, the enhancer activity was
undetectable. To examine the possibility that the surrounding sequences
may interfere with the enhancer actibity, the short sequences containing

= - - -
° -
A A I T YT T YY XY XY X

astradiol  * ¢ ¢ o e e e e e e e

tk-cat  Ei- - [+ 3 ERE2- ERE3-  VHERE- th-cat
thecat  thecat  ik-cat thecal  thcal  thecot

Fig.4. The estrogen-dependent enhancer activity of the ER-
binding fragments and their EREs. The reporter plasmids
containing E1-tk-CAT, E2-tk-cat, E3-tk-cat, ERE2-tk-cat, ERE3-
tk-cat, vItERE-tk-cat and tk-cat were transfected into COS7 celis
with the ER expressionvector. After culturing in the absence or

presence of 1x10 ™ 178-estradiol, CAT assay was performed.
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the ERE2 and ERE3 which are the perfect palindromic ERE in the E2
and E3 fragments were cloned into the reporter vector pBLCAT2 (ERE2-
tk-cat and ERE3-tk-cat) and tested for the enhancer activity. These
minimum ERE sequences indeed showed certain estrogen-dependent
enhancer activities, suggesting that some surrounding sequences have an
interfering or silencing activity in COS-7 cells.

Isolation of a novel estrogen responsive gene

We have further cloned human genomic fragments hybridizing with the
DNA fragments described above and selected clones by the criteria of the
presence in the Zoo blot and Northern blot to various organs. As a result,
a cDNA clone of 2.5 kb was obtained from human placenta library. The
sequence of the cDNA clone contained an open-reading frame encoding
protein having three potential Zn-fingers (data not shown).

DISCUSSION

We have isolated in this work human genomic DNA fragments that
specifically bind to ER-DBD protein. Only perfect palindromic ERE
sequences were cloned suggesting their special affinity to the ER-DBD
protein. The Xenopus vitellogenin gene A2 estrogen-inducible enhancer
has this sequence to which the ER expressed in HeLa cells binds tightly
in the presence of estrogen (14). In this study, we have established that
the sequences containing perfect palindromic ERE with 3bp spacing exist
in human genome and also the DNA-binding domain of the estrogen
receptor alone could specifically recognized and bind to the consensus
ERE (GGTCANNNTGACC) without other factors which might help binding
(15). It has been reported that imperfect palindromic ERE or half-site
palindromic EREs are active as the estrogen-dependent enhancer in vivo
in such genes as rat prolactin (2), human pS2 (3), chicken ovalbumin
gene (4) and Xenopus vitellogenin gene (B2 enhancer, 16,17). We could
not isolate these sequences in this work. They may require other
factor(s) to bind tightly to ER Or, they did not have strong enough
binding capacity to ER to survive repeated screening used in this study.
By decreasing the stringency of binding or just by decreasing the number
of recycling, we may be able to isolated more regulatory sequences that
bind to ER. In any event, isolation and identification of an estrogen-
responsive gene by this novel procedure would open up a new general
approach to the sturdy of the genes that are regulated by different
transacting factors, such as steroid-thyroid-retinoid receptors, oncogenic
transactivators etc.
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PROTEIN SECRETORY SYSTEM OF BACILLUS BREVIS AND ITS APPLICATION

Shigezo Udaka

Faculty of agriculture, Négoya University
Chikusa~-ku, Nagoya 464, Japan

ABSTRACT

We developed a host-vector system in which protein-hyperproducing
Bacillus brevis strains are used as host bacteria and the 5' region of
a cell wall protein gene is utilized to construct expression-secretion
vectors. This system has been used to produce large amounts of various
useful proteins. Many bacterial proteins such as amylases could be
produced more than 1 g/l with this system. The amounts of animal
proteins produced with our B. brevis system were approximately 100
fold less than those of bacterial proteins, except for human epidermal
growth factor (about 1 g/1).

The use of appropriate signal peptides and hypersecreting host
mutants, and suppression of extracellular protease action were
important for improving the efficiency of the production of some human
proteins. The optimization of cultural condition for each protein was
necessary to increase the production yield.

INTRODUCTION

As a result of extensive screening, about 20 strains of Bacillus
brevis were isolated from soil and others as efficient producers of
extracellular proteins. 2 Two of the strains, 47 and HPD31, used most
often in our work, accumulates up to 30 g proteins per liter of medium
under appropriate cultural conditions. Utilizing this protein-
hyperproductivity of B. brevis, we developed a host-vector system for
very efficient synthesis and secretion of foreign proteins.?® 1Its low
extracellular protease activity in addition to the very strong
capability of protein production made B. brevis an attractive and
promising host.

MECHANISM OF EXTRACELLULAR PROTEIN PRODUCTION AND CONSTRUCTION OF
EXPRESSION VECTOR

The cell surface structures of the protein-producing B. b:evis strains
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were found to be different from those of many Gram-positive bacteria.
B. brevis 47 has a three layered cell wall consisting of two protein
layers and a thin peptidoglycan layer. The two protein layers, termed
the outer wall (OW) and middle wall (MW) layers, are composed of
proteins with molecular weight of 103,000 (OWP) and 115,000 (MWP),
respectively.¥ These cell wall proteins were indistinguishable from
two major proteins secreted by B. brevis 47. The cell wall structure
was morphologically altered depending on the growth period. At the
early stationary phase of growth, cells began to shed the outer two
surface layers. The morphological alterations in the cell wall
occurred concomitantly with a prominant increase in protein secretion.
The synthesis and sercretion of cell wall proteins continued even
after cell growth ceased. They did not stay on the cell surface and
accumulated in medium as extracellular proteins.®

The genes coding for the cell wall proteins were cloned and their
nucleotide sequences determined. The two genes constitute an operon
{cwp, ~cell wall protein operon). The 35' region of the cwp operon
contains multiple and tandem promoters from which a very efficient
transcription starts. Both MWP and OWP were synthesized in precursor
forms with their respective signal peptides. A 600 basepair AluI-Alul
fragment containing all the multiple promoters, the translation
initiation sites and the MWP signal peptide-coding region was isolated
and used to construct expression and secretion vectors.?¥ pNU210, one
such vector with a multicopy number, had the Alul-Alul fragment, the
erythromycin resistance gene, and the replication origin of pUB110.
Another vector, pHY700 carries the replication origin of pWT481 found
in B. brevis 481.9% Although the copy number of pHY?OO is low, it is
maintained stably in B. brevis even in the absence of the selection
drug. Foreign gene is inserted to the vector so ‘that the DNA encoding
the mature part of the secretory protein is fused directly to the
carboxyl end of the MWP signal sequence. The plasmid thus constructed
can be introduced to B. brevis by the Tris-PEG method or electro-
poration.®? ~

PRODUCTION OF FOREIGN PROTEINS
Bacterial Proteins

Proteins of various bacterial origins, such as the thermophilic a-
amylase of Bacillus lichemiformis and B ~amylase of  Clostridium
thermosulfurogenesﬁ) could be produced in large amounts with the B.
brev1s system, as shown in Table 1. It is noteworthy that the amount
of B- amylase (1 6 g/1) of C. thermosulfurogenes secreted by B. brevis
is about 60 times larger than that produced by a hyperproducing mutant
of C. thermosulfurogenes.® Glucose isomerase of Thermus thermophilus
was produced very efficiently in B. brevis (about 1.3 g/l), while T.
thermophilus cells have only a small amount of the enzyme (about 1
mg/1l) .% .

35




Table 1. Production of foreign proteins by B. brevis

Amount Localization

Origin Protein Produced
(g/1)
Bacillus licheniformis o-Amylase 3.5 Extracellular
B. stearothermophilus o-Amylase 3.0 2
B. macerans Cyclodextrin 1.0 v
glucanotransferase 2
Clostridium B-amylase 1.6 4
thermosulfurogenes
Thermus thermophilus Glucose isomerase 1.3 Intracellular
Human Epidermal growth factor 1.1 Extracellular
' Interleukin 2 0.05 2
Salivary a-amylase 0.06 v
Swine Pepsinogen 0.01 v
Aspergillus oryzae Takaamylase A 0.02 7

Animal proteins

The amounts of aminal proteins produced in our B. brevis host-vector
system were much smaller than those of bacterial proteins, except for
human epidermal growth factor which was secreted very efficiently
(Table 1). The reasons for the differece in productivity between
bacterial and animal proteins are now becoming apparent, so that the
efficiency of animal protein production is improving to a greater
extent. : ‘

Human epidermal growth £factor (EGF)

EGF is a polypeptide composed of 53 amino acids with 3 intramolecular
disulfide linkages. A synthetic EGF gene was insertd into the cleavage
site of the MWP signal sequence on pNU200, so that the signal peptide
was directly followed by mature EGF. B. brevis HPD31l carrying the
plasmid produced as much as 0.24 g/l of hEGF under an appropriate
cultural condition.!® The EGF thus produced had the same amino-terminal
amino acid sequence and biological activities as those of authentic
EGF. pHY700EGF was constructed by inserting the EGF gene into pHY700
which is a stable plasmid described above (Fig. 1). As shown in Fig.
2, B. brevis harboring pHY700EGF produced 1.1 g/l of EGF. v
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Fig. 1. Structure of Expression Fig. 2. Course of EGF production
vector pHY700EGF. Promoter, the by B. brevis(pHY700EGF) .

'5' region of the cell wall protein’
gene of B. brevis; sp, the signal
sequence region of the cell wall
protein gene of B. brevis 47;

EmX, erythromycin resistance gene.

Human interleukin 2 (IL2)

IL2 is a medically important cytokine whose molecular weight is about
15000. It has one disulfide linkage and a cysteine residue. The gene
encoding the mature IL2 was linked directly to the MWP signal sequence
of pNU210. B. brevis carrying this plasmid secreted only a small
amount of IL2 (about 1 mg/l). As a result of intensive studies, we
found that IL2 was decomposed to fragments by protease(s) whose
activity was hardly detected with the ordinary assay and large amounts
of ILZ2 in precursor and mature forms were found associated with cells.
The decomposition was prevented by the addition of protease inhibitor
and mature IL2 was released into the culture supernatant when more
hydrophobic signal peptide was used in place of MWP signal peptide. In
this way, IL2 was efficiently produced by the B. brevis system (about
50 mg/1). :
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Human salivary a« -amylase
Human salivary a-amylase consists of 511 amino acid residues including

11 Cys residues with a molecular weight of about 56,000. We
constructed ‘the direct fusion of the MWP signal peptide-coding
sequence and the mature @ -amylase-coding sequence. The fused gene was

insertd into a low copy number vector plasmid (pHAMYS). Although B.
brevis 47 (pHAMY5) secreted only a small amount (about 1 mg/l) of the
enzyme, we were able to isolate a host mutant (B. brevis 47K) that
secretes an increased amount of the enzy after mutagenesis with N-
methyl-N'-nitro-N-Nitrosoguanidine. B. brevis 47K (pHAMYS5) secreted 6
mg/l of the enzyme. Further increase in the enzyme production (60
mg/l) was attained when the MWP-« -amylase fused gene was inserted into

a multi-copy vector pNU200 and introduced into B. brevis 47K2, The
mutant showed higher sensitivity to various antibiotics than the
parental strain, and alterd cell wall and cytoplasmic membrane protein

compositions.
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ABSTRACT

Genetic englineering for production of two aspartic proteinases as
milk coagulants in cheese industry is reviewed. Calf chymosin is
produced through the processes, which consist of heterologous
expression of prochymosin cDNA in E. coli and solubilization-
refolding-processing of prochymosin peptide formed as inclusion
bodies. A fungal gene encoding prepro-Mucor rennin is expressed
in S. cerevisiae, which efflclently secretes the correctly
processed active enzyme into the medium. These two expression
systems are useful to conduct protein engineering of these
enzymes, and allows to improve their practical properties such as
the relative milk-clotting acitivity and heat-stability. .

INTRODUCTION

Chymosin is an aspartic proteinase obtained from the stomach of
suckling calves. It has a high milk-clotting activity along with
a very low proteolytic activity. These properties make chymosin
very suitable for the coagulation of milk, the first step in the
processes of cheese manufacturing. On the other hand, shortage
of chymosin in the market prompted to develop several
substituting enzymes, among which fungal aspartic proteinases
produced by two closely related species Mucor pusillus and M.
miehel (Mucor rennin) are most successful.

Recombinant DNA techniques have opened new aspects in this field;
(i) it allows to produce real chymosin irrespective of the
fluctuating supply of its native resource, (ii) it allows to
improve the slightly inferior properties of Mucor rennin by site-
directed mutagenesis, and (11i) it allows to start systematic
protein engineering to understand the catalytic mechanism in
aspartic proteinases.
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I. PRODUCTION OF CHYMOSIN IN E. COLI

Chymosin 1s secreted from the mucosal tissue of calf stomach as
an inactive precursor, prochymosin, which in turn is
autocatalytically processed to chymosin by cleaving the NHgp-
terminal 42 amino acids under an acidic condition. We cloned
prochymosin ¢DNA and constructed several expression plasmids to
produce prochymosin polypeptide under the control of the lac- or
trp-promoter in Escherichia coli (1-4). These plasmids encode -
fMet-prochymosin or fused prochymosins with a short Nﬂz-terminal
exchange with Lac, TrpE or TrpL polypeptides, and directed
production of these polypeptides in large amounts as inclusion
bodies in E. coli cells. After solubilization of the inclusion
bodies with 8M urea, fMet-prochymosin and most of the fused
prochymosins were correctly refolded under highly alkaline
conditions at pH 10-11 to a form which was activated by
incubation at pH 2.3 (5). The only exception was a fused
prochymosin CR601, in which the NH -terminal 4 amino acids of
prochymosin were substituted with the NHz-terminal 8 amino acids
of the trp-leader peptide (6). Chromatographic analyses of the
alkaline dialyzate of CR601 proved that the polypeptide was :
misfolded to various conformations which could not be activated
by the acid treatment. These results indicate that a few amino
acid residues at the region proximal to the NHz-terminus of
prochymosin play a crucial role in determining the course of 1in
vitro refolding and final conformation of the whole polypeptide
chain. .o

II. EXCRETION OF MUCOR RENNIN BY RECOMBINANT YEAST

The chromosomal gene of M. pusillus rennin (MPR) without intron
sequences encodes for the pre-pro-enzyme containing an NHZ-
terminal 66 amino aclds extpension (7). The gene was expressed
under the control of the GAL7-promoter in Saccharomyces
cerevisiae. The correctly processed acitive enzyme was secreted
to the medium at the concentration of more than 200 mg/l (8). A
slightly larger protein cross-reacting with the anti-MPR antibody
was also detected in the medium at the early stage of
cultivation. 1Its NHZ-terminal amino acid was identified as the
-44th Agr in the pre-pro sequence. Autocatalytic acitvation of
the proMPR occurred at acidic pHs. These results indicate that
the fungal signal sequence of prepro-MPR functions effectively
for secretion of pro-MPR from yeast cells (9). .
The mature MPR secreted by yeast had a distinctly higher
molecular weight than the authentic MPR produced by the original
fungus. On the other hand, the yeast MPR showed a lower ratio of
the milk-clotting activity (C) to the proteolytic activity than
did the original fungal enzyme. Treatment of the yeast MPR with
endoglycosidase H caused a decrease in molecular size along with
improvement of the C/P ratio. Hyper-mannosylation at the two N-
glycosylation sites in the enzyme may affect its catalytic
activity as well as substrate specificity through some
perturbation effect on the enzyme structure. The glycosylation
can be prevented by exchange of the two Asn in the glycosylation
sites to Gln. Decreased secretion of the mutant MPR from yeas
cells was improved by mutation of the host. s
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III. SITE-DIRECTED MUTAGENESIS OF CHMOSIN AND MUCOR RENNIN

Various mutant chymosins were generated by insertion of 2 or 4
amino acids by linker DNA insertion or single amino acid exchange
by site directed mutagenesis and their catalytic properties were
examined (10). Two amino acids (Ser-Arg) insertion between
Prol07-Gly108 and single amino acid exchange of Tyr75 to Phe
caused a significant increase in the C/P ratio. Kinetic '
parameters of the latter mutant Y75F were determined by using two
synthetic peptides: Leu-Ser- Phe(NO )-Nle Ala-Leu-OMe(peptide I)
and Lys-Pro-Ile-Glu-Phe(NOg )-arg- Leu -OH(peptide II). A marked
drop of k cat but almost no change of K, was observed with peptide
I, while a marked increase in K; but no change of kcat was
observed with peptide II.

Systematlic exchange of the corresponding Tyr75 in MPR have
revealed that (i) exchange with almost all amino acids except for
Phe, (Trp) and Asn(!) caused total loss of the catalytic
acitivity, (ii) Tyr75Phe showed almost the identical properties
to those of the corresponding mutant of chymosin, and (iii)
Tyr75Asn showed the improved properties in both the relative
milk-clotting activity and the heat-stability.
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What is Marine Biotechnology ?

Marine biotechnology encompasses the search, collection and improvement of ocean
dwelling organisms, and the discovery and utilization of special functions and useful
substances from microbes animals and plants from marine habitats. In order to make
progress in marine biotechnology other supporting technologies are necessary,
including the development of sensors, communications, and new bio-materials. The
purpose of this paper is to review current Marine Biotechnology research strategies
for the most efficient utilization of our marine resources. I hope to put our current
research in a long term framework, with a final goal being the construction of a
marine industrial complex capable of large scale total ocean utilization (Figure 1).
The current level of global activity in the field of Marine Biotechnology indicates that
this vision may be realized early in the 21st century.

Oceans occupy 70% of the world's surface, and play an important role in global
carbon and nitrogen cycles. A huge three dimensional space exists beneath the surface
of the ocean in which vast numbers of marine organisms thrive. Marine
Biotechnology may be described as the atilization of these biological resources for the
benefit of mankind. These benefits include production of useful chemicals, energy and
the remediation of environmental problems. -

Biotechnology, appeared as a new industry at the end of the 1970's and developed
rapidly as a result of advances in the fields of genetic engineering, cell culture, cell
fusion and bioreactor technology. In the 1980's 'second generation' biotechnologies
such as plant biotechnology, chromosome engineering, protein engineering and
bioelectronics were developed. Recently, Marine Biotechnology has begun to attract
attention as a new frontier in biotechnology. The environment of the seas and oceans
is different from that on land, and the marine environment holds a large number of
biological resources, yet to be discovered. ‘

Marine Biotechnology, in the coming years will help to provide new commercial
opportunities in addition to helping to solve environmental problems. Bioremediation
of oil spills is one example demonstrating the usefulness of marine organisms in
pollution control. In addition, major efforts are under way, aimed at the more serious
problems of global warming and climate change.
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vailable Bioresources

A description of Marine Biotechnology should not be limited to utilization of marine
bacteria using molecular genetics but to the utilization of all available bioresources in
the oceans. This includes marine viruses, which may be developed into DNA cloning
vectors, bacteria as well as microalgae, diatoms, zooplankton, macroalgae, seaweed
and invertebrates. In addition, shellfish, crustacea and fish may be looked upon a
resources for marine biotechnology. The majority of species present in our oceans
have not yet been discovered, and in the case of marine bacteria, many organisms
present in seawater can be observed but cannot be cultured in the laboratory. In
addition, many species of fish cannot be kept in captivity. Thus we require new
methods for the collection, culturing and maintenance of marine organisms.

Research Strategies for Marine Biotechnology

The completion of successful marine biotechnology projects involves careful planning
and the initial design of an effective research strategy. The interaction of academia,
industry and government towards a common goal should be carried out using a
multidisciplinary approach. A research framework upon which to base more detailed
plans is outlined in Table 1.

The most important initial step in any marine biotechnological process is to identify
the biological resources which be used for a specific purpose. This often involves
extensive screening for a desired function. For example isolation of plant growth
regulators from marine cyanobacteria [2-4] or the isolation of antibiotics from marine
photosynthetic bacteria [22]. These screening procedures are applicable not only to
prokaryotes but to screening higher organisms for useful functions. For example,
screening of seaweeds suitable for cell culture and establishment of recombinant DNA
techniques. Screening of sponges and other marine invertebrates for production of
pharmaceuticals. In addition, new types of shell fish, crustacea and fish may be
screened for their suitability for aquaculture and open water fish farming.

Following the classical improvement programs which have been successfully
employed for the improvement of terrestrial organisms such as wheat and penicillin
mould, improvement strategies will ultimately lead to the improvement of organisms
found during the initial screening procedures. Classical selection pressure techniques
may be used for the selection of microbial strains producing greater quantities of the
desired product or which grow faster under laboratory conditions. Chemical
mutagenesis and further screening may also be employed. In addition, and of key
importance is the development of suitable genetic engineering techniques. For
example, in the case of techniques which are available for gene transfer in freshwater
photosynthetic bacteria, do not work for marine species of photosynthetic bacteria
[23]. Therefore techniques were developed for marine species of Rhodobacter with
the aim of improving hydrogen photoproduction [24,25]. In general, recombinant
DNA techniques for marine organisms are vastly inferior to those available for
terrestrial organisms. However, headway is being made in the area of transgenic fish.
New methods for direct gene transfer using sonication have recently been developed.

bt




Table 1. Research Strategy for Marine Biotechnology

1)

2)

3)

4

5)

6)

)

Screening of useful marine organisms;
bacteria, microalgae, seaweeds, invertebrates and vertebrates.
Genetic improvement of target organisms;

selection pressure, mutagenesis and genetic manipulation techniques followed by
further screening. .

Production of useful chemicals from marine organisms;

pharmaceuticals, foods, chemicals, cosmetics.

Elucidation and application of novel functions of marine microorganisms;
microbes resistant to heat, cold, pressure, high salt conditions. Application of
enzymes and molecular components involved in for example; photosynthesis,
nitrogen fixation, metal recovery, buoyancy, luminescence, magnetic sensitivity.

Provision of marine biotechnology support systems;

marine infrastructure for fish farming, algal culture, research, remote sensing
from space, down stream technology.

Understanding of marine ecosystems and application of this information to
global environmental problems;

ecology of deep sea environments, ecology and application of oil degrading
bacteria. The Carbon cycle in marine ecosystems and prevention of global
warming. Red tide organisms and factors inducing red tides and other marine
algal blooms. '

Construction of a multi function general ocean utilization system;

off shore infrastructure with facilities for aquaculture of fish and algae. Mass
cultivation of marine microorganisms. COy deposition in the deep sea, CO3

recycling.
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Genetic Improvement of target organisms.

To attempt to increase the usefulness of marine organisms, gene manipulation
technology should be developed. We have carried out a program aimed at the genetic
improvement of marine cyanobacteria by establishing gene transfer techniques. Such
techniques have already been established for fresh water cyanobacteria,
Synechococcus R2 [8], Synechocystis PCC6083 [9] other filamentous cyanobacteria
[10] and the marine cyanobacterium, Synechococcus PCC7002 [11]. These species are
all able to naturally take up exogenous DNA. However, many marine species of
cyanobacteria lack this useful property and it was therefore necessary to establish
alternative gene transfer techniques for biotechnologically useful strains.

a) Transformation of marine cyanobacteria

Widely applicable gene transfer techniques for marine cyanobacteria have only
recently been reported [6]. Previously, gene transfer was only available for one
strain, Synechococcus PCC7002, which is also naturally transformable. Recently, this
laboratory has attempted to establish gene manipulation technology for a marine
cyanobacterium, Synechococcus sp. NKBG042902 which produces glutamate and
novel plant growth regulators [13,2]. Initially, with the aim of constructing shuttle
vectors, characterisation of the four endogenous plasmids of this species was carried
out. The smallest plasmid, pSY11 (2.3 kb), was used to construct a shuttle vector
pUSYO02. This was constructed from the Escherichia coli cloning vector pUC19 and
pSY11, since this plasmid has a high copy number and several convenient restriction
sites. pUSYO02 could transform marine Synechococcus sp. NKBG042902-YG1116,
which had been cured of its two smallest endogenous plasmids by treatment with
ethidium bromide. This shuttle vector could also transform the fresh water
cyanobacterium Synechococcus R2 although shuttle vectors developed for
Synechococcus R2 could not transform the marine Synechococcus . For genetic
transformation the CaCl, treatment method which is normally used for E.coli, was
effective. On the other hand, the freshwater species Synechococcus R2 was not
transformed by this method.

Recently, the characterization of plasmid, pSY10, a second small endogenous
plasmid from Synechococcus sp. NKBG042902 was. reported [14]. The copy number
of pSY10 (2.7 kb) increased from 50 to 250 copies per chromosome when the salinity
of the medium ‘increased from 0% NaCl to 3% NaCl . Thus shuttle vectors which
contain the replication and copy number control regions of this plasmid may also have
their copy numbers controlled by changing the salinity of the medium. This may
subsequently be linked to controlled expression of foreign genes in appropriate strains
of marine cyanobacteria. Experiments are currently under way to localize the
replication origin of pSY10 and to determine the complete nucleotide sequence of this
plasmid. A comparison of the pSY10 and pSY11 replicons may also provide
information concerning the molecular mechanism of sodium chloride mediated copy

number increase. '
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b) Transformation by electroporation.

Electroporation was used to transform the marine cyanobacterium
Synechococcus sp. NKBG042902. Conditions were optimized so that the time needed
for transformation was reduced [6]. Previously electroporation has only been
reported for the filamentous freshwater cyanobacterium Anabaena [15].
Electroporation therefore seems to be a useful strategy for gene transfer of both
filamentous and unicellular cyanobacteria. In principle, gene transfer using
electroporation should be applicable to a wide variety of species although optimization
of electroporation parameters will be required for each strain.

¢) Transformation by the particle gun method

The use of DNA coated microprojectiles in association with a particle gun is a
well established method of transformation [10]. The DNA coated particles are
introduced into the cells by an explosive release of high pressure air or gunpowder
using a modified ‘particle gun'. This method was originally applied to the genetic
transformation of plant cells [17]. We have recently used this methiod for
transformation of marine cyanobacteria using the magnetite (Fe304) particles as
DNA carriers [18]. Particles of Tungsten and Gold are normally used as DNA
carriers and are often in the 0.1-0.6 um size range (mean particle size). This limits
the amount of DNA which can be immobilized onto these particles due to the surface
area to volume ratio. In addition, such large particles are unsuitable for use with
small prokaryotic cells such as cyanobacteria. Magnetite particles which are
synthesized by magnetic bacteria [21] occur in the 500-1000A size range and are
therefore of a more suitable size range for bombarding prokaryotic cells. In addition,
magnetite particles isolated from magnetic bacteria are coated with a biological
membrane which also contains proteins. This increases the quantity of DNA which
can be immobilized onto the surface of the particles. Bacterial magnetite particles
were successfully introduced into cyanobacteria by this method.

d) Conjugative gene transfer.

Conjugative gene transfer has been reported for the fresh water filamentous
cyanobacterium, Anabaena PCC7120. A conjugation system mediated by E. coli is
used because no conjugative plasmids have been observed so far in cyanobacteria. A
shuttle vector or 'cargo vector' was constructed from a Nostoc sp. endogenous
plasmid and a mobilizable plasmid which can replicate in E. coli . Under triparental
conjugation conditions (cargo vector, conjugal plasmid and helper plasmid), the
cargo vector can be introduced into Anabaena from E. coli. This method has also
been used with Freymiella diplosiphon [19] in order to investigate the mechanism of
complementary chromatic adaptation. In addition, conjugative transfer of broad host
range vectors, rather than shuttle vectors, has recently been reported for
Synechocystis PCC6803 [19]. The applicability of gene transfer by conjugation,
specifically in marine cyanobacteria, has also been demonstrated [20]. Gene transfer

47



was successfully achieved for three different genera, Synechococcus, Synechocystis
and Pseudanabaena. Conjugation was carried out using a mobilizable transposon
(TnS) carrying plasmid, pSUP1021. Transconjugants were observed in all marine
cyanobacteria tested. The broad host range vector pKT230 (IncQ) was also
successfully transferred to Synechococcus sp. NKBG15041C, and could replicate as an
autonomous replicon. A maximum transfer efficiency of 5.2 x 10-4 transconjugants /
recipient cell was observed, when matings were performed on low salinity (0.015 M

NaCl) agar plates.
Production of Useful Chemicals

Recently, application of marine microalgae has received much attention. The most
apparent of the many advantages of using marine microalgae, is the wide availability
of seawater, since many regions of the world suffer from lack of fresh water.
Seawater contains minerals and salts which are essential for the growth of
photosynthetic microorganisms. For several years, marine microalgae have been
isolated from the coastal areas of Japan, and applied to the production of chemicals
and energy, in this laboratory. Among more than 300 strains of marine
photosynthetic microorganisms, several strains have been isolated which produce
biologically active compounds. The specific application of individual isolates is
discussed below.

a) Fatty acid production by marine microalgae.

The fatty acid composition of marine microalgae was studied under various
environmental conditions. The most common fatty acids were palmitic acid (16:0),
oleic acid (18:1) and linoleic acid (18:2). One strain, a marine Chlorella species
NKBG 942401 was found to contain y-linolenic acid. 7y-linolenic acid was present in '
the cells mainly in the form of galactolipid [1].

b) Plant growth regulators

Extracts of marine cyanobacteria Synechococcus sp. NKBG042902 were found
to promote plantlet formation by somatic embryogenesis in carrot cells. Somatic
embryogenesis stimulating factors in this extract were capable of inducing somatic
embryo like structures and plantlets from non embryogenic and embryogenic cells
[2]. The effect of the extract on the developmental stages, induction, maturation and
germination, in carrot somatic embryogenesis was investigated. A high molecular
weight, nondialyzing fraction, separated from the Synechococcus extract, possessed
enhanced plantiet formation promoting activity [3]. An improved artificial seed
system using the nondialysate was developed. The germination frequency of the
artificial seeds containing nondialysate at a concentration of 100 mg/l was 94%
whereas that of artificial seeds without the nondialysate was 35% [4]. The active
substance, a polysaccharide, was shown to promote germination of carrot somatic
embryos and has been purified to homogeneity. SDS-PAGE analysis showed this
germination promoting factor (GPF) to be a single band. Purified GPF contained,
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xylose, glucose and galactose, but did not contain peptides.
¢) Amino acid production

The marine cyanobacterium Synechococcus sp. NKBG040607 was found to
excrete glutamate at a high rate, 82.6 % of the total amino acid production being
glutamate. Immobilized cells of Synechococcus sp. continuously produced glutamate
from nitrate under light irradiation [5].

d) Bioreactor systems

Marine microalgae (green algae and cyanobacteria) are being paid much
attention due to their high potential for producing various biologically active
compounds. However, an inherent problem in microalgal cultivation is low cell
density, which consequently results in low productivity. To solve this problem, novel
bioreactor systems suitable for high density culture have been developed for
cyanobacteria [6]. With the increase in number of processes utilizing marine
microalgae, the requirement for a precise system for monitoring their concentration
and physiological state is also increasing. A versatile and precise on-line monitoring
system for measuring viable cell numbers of marine cyanobacteria, based on the
phycobiliprotein fluorescence was developed [7].

Elucidation of Novel Functions of Marine Organisms.

As an example, the migratory nature of several marine fish will be discussed.
Migration behavior is thought to be due to the detection of the geomagnetic field by
sensors within the body of the fish. An important component of this sensor is biogenic
magnetite. This laboratory has been engaged in the study of magnetite
biomineralization. Biogenic magnetite was originally identified as a strengthening
mineral in the radula teeth of chitons (Mollusca, Polyplacophora). In addition,
magnetic particles have also been found in the honey bee and also in higher animals
such as the pigeon and in migratory fishes. This magnetite is involved in the sensory
perception of the geomagnetic field and in the recognition of direction and location.
Although biomineralization of magnetite is clearly important from an ecological and
evolutionary standpoint, the molecular mechanisms by which magnetite crystals are
formed remain unknown. In order to begin to try and understand such mechanisms
we have chosen as a model organism for magnetite biomineralization the freshwater
magnetic bacterium Aquaspirillum sp. AMB-1. Genetic engineering techniques have
been developed for this bacterium and genes involved in the production of biogenic
magnetite have been isolated [26]. Magnetic bacteria synthesize intracellular particles
of magnetite (Fe304), which are aligned in chains and enveloped by a membrane.
These structures, known as magnetosomes, impart a magnetic dipole to the bacterial
cell which is then sensitive to externally applied magnetic fields. The ecological
significance of these biological magnets remains unclear, although it has been
proposed that sensitivity to the geomagnetic field allows oxygen sensitive magnetic
bacteria to swim downward into oxygen poor sediments, their preferred habitat.
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Isolation of these genes should help us to clone genes responsible for magnetite
production in marine migratory fishes. When such processes have been isolated,
possible applications may be considered.

rin m lication 1 nvironmental probl

Recently an understanding of the nature of deep sea ecosystems has been improving
and it has become clear that nutrient levels of water from the deep ocean are much
higher than sea water near the surface. Thus by pumping sea water up from deeper
levels it may be possible to 'fertilize' the surface waters an increase the growth
efficiency of microalgae using such water. In addition this may be combined with the
growth of cyanobacteria for carbon dioxide removal technologies. For example, the
high carbon dioxide emissions from fossil fuel power stations may be reduced if
absorbed and utilized by marine microalgae. The economics of such processes will
depend on the value of the cyanobacterial products and on whether or not carbon
taxes will be imposed for CO, emitting industries in the future.

In order to develop technology useful for growing marine photosynthetic organisms
for carbon dioxide renewal we have developed photobioreactors for the high density
culture of marine cyanobacteria [27]. In addition, we are currently investigating the
growth of marine coccolithophorid algae for increased CO2 recycling by calcite

production.

Sunimagg and Future Trends

In the past several years, this laboratory has been involved in establishing
multidisciplinary techniques for the biotechnological utilization of marine microalgae.
A variety of recombinant DNA methodologies have been developed as well as
suitable photobioreactor technology and bioprocess engineering. Recently , with
increasing stress on environmental conservation, future applications will involve
marine microalgae in carbon dioxide renewal processes which also produce useful
chemical products. The research strategies outlined in this presentation are applicable
to other organisms as well as microalgae, there successful application will lead the
development of new and rewarding technologies of the future.
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ABSTRACT

Infectious diseases are still one of the major problems of domestic animals.
in this paper, the development of a novel live recombinant rinderpest
vaccine (RRV) is introduced as one example applying gene manipulation to
animal industry. Cattle in Africa, Middle East and South Asia are now under
the threat of rinderpest, a highly contagious and mortal disease caused by
rinderpest virus (RV). Although attenuated RV vaccine is widely used, it is
not fully effective in epidemic areas due to the thermoinstability of the
vaccine and the lack of a cold chain in these areas. Thus, the development of
thermostable rinderpest vaccine is urgently needed. The newly developed
RRV is a recombinant vaccinia virus expressing rinderpest virus
hemagglutinin gene. It is as heat-stable as the parental vaccinia virus,
which was used for the global eradication campaign of smallpox.
Furthermore the RRV keeps low neurovirulence of the parental virus. The
efficacy has been demonstrated in cattle, the target animal of the vaccine.
The RRV has fulfilled essential conditions proposed by the expert
consultation on requirements for vaccinia-rinderpest recombinant vaccines
held by Office International des Epizooties (OIE) in Paris in 1989. The OIE
meeting also proposed the guideline for field trials. Lastly, we will discuss
the problems and perspectives of the development of live recombinant
vaccine in the future.

INTRODUCTION

In the human, acute infectious diseases are now not so horrible as before
due to the availability of vaccines and antibiotics although persistently
infecting viruses such as human immunodeficiency viruses are menace to us.
In economic animals, however, infectious diseases are still the largest
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threat inflicting damage on them as they have relatively short life cycles
and their living environment is worse than that of the human. Thus, the
development of vaccine holds an important position in animal industry. Gene
manipulation has now become an essential and rather general technology for
vaccine development. In this paper, we will review our work on the
rinderpest vaccine as an example of vaccine development by employing gene
manipulation, and discuss the perspective of live recombinant vaccines in
the future.

BACKGROUND OF RINDERPEST

Rinderpest is an acute febrile and contagious viral disease with high
morbidity and mortality affecting mainly cattle and buffaloes. Because of
recent outbreaks of rinderpest throughout Africa, the Middle and Near Easts,
and South Asia, eradication campaigns including the pan-African Rinderpest

Campaign (PARC) have been initiated in these countries!). There is no
dispute about the seriousness of the disease. It causes high fever and
inflammation and lesions of the respiratory and alimentary tracts. It Kills
affected animals in few days and shows fatality higher than 50%. The
current rinderpest vaccine which consists of attenuated live rinderpest
virus (RV) is highly effective in protection but is not heat-stable for wide
use in the above-mentioned countries where the cold chain system is not
always available. Therefore, we undertook the development of a novel heat-
stable rinderpest vaccine.

A NOVEL VACCINE USING RECOMBINANT VACCINIA VIRUS

In 1980 the World Health Organization (WHO) declared the eradication of
smallpox all over the world. Accordingly, the smallpox vaccine is no longer -
needed by the general population. Especially, the high heat stability of
freeze-dried smallpox vaccine as well as its ease of administration
contributed to the achievement of the eradication campaign.” Now the
technology has been established to use smallpox vaccine, which consists of
vaccinia virus, as a vehicle to harbor and express heterologous genes which
code for the immunologically pertinent antigens of other infectious disease

agents2’ 3). Inoculation of the resultant recombinant vaccinia virus is able
to induce immune responses targeted toward both vaccinia and the
heterologous antigens. The recombinant virus is considered to keep most of
the characteristics of the parental vaccinia virus. We have undertaken to
construct a heat-stable rinderpest recombinant vaccine (RRV) using vaccinia
virus as a vector in expectation that the resultant RRV may also be as heat
stable as the parental vaccinia virus. First, the cDNA coding for the RV

hemagglutinin protein was cloned and sequenced4), and thereafter was
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inserted into an attenuated vaccinia virus, LC16mO%). The RRV induced
strong anti-hemagglutinin antibody responses and protective immunity in

rabbits®). In order to further augment the efficacy of the RRV, we modified
the promoter regions of the RRV. This RRV was found to express more RV
hemagglutinin and induced ten-times stronger protective immunity in terms

of 50% protective dose than the original RRV7). Thus the modified RRV was
used in the following cattle experiments. When the lyophilized samples of

the RRV was heat-treated either at 37° C or at 45° C, a slight decrease in
virus titer not exceeding 1/10 of original levels was observed after 1 month
of heat treatment, implicating high heat stability of the RRV. Neurovirulence
of the RRV as determined in mice, rabbits and squirrel monkeys was as low
as that of the parental vaccinia virus. Based on these results, the efficacy of
the RRV was examined in cattle, the target animal. Vaccination experiments
were conducted in cooperation with Indian Veterinary Research Institute

using Hill bulls of Indian breed8) and with AFRC Institute for Animal Health,

Pirbright Laboratory, U. K. using Friesien cross Aberdeen calves?).
Essentially the same results were obtained in the two Institutes. The

inoculation of 108 pfu of RRV completely protected the animals against a
lethal dose of RV; fever, diarrhea, stomatitis and nasal and ocular discharge
were absent in RRV-vaccinated animals whereas all control animals
manifested these symptoms and died within 8 days. 50% protective doses

determined by mortality rate were 104 pfu in the Hill bulls and 10° pfu in
Friesien cross Aberdeen calves. For the purpose similar to ours, two other
groups reported the results relating to the development of RRV. Barret et

al. of the British group1°) reported the construction of RRV expressing RV
fusion protein gene in WR strain of vaccinia virus, and showed its efficacy

in cattle and pigs. The U.S. group of Yilma et a.ll) reported that the
inoculation of a vaccinia virus double recombinant expressing the fusion
protein and hemagglutinin protein genes of RV protected cattle against

rinderpest.

OlE MEETING
The Expert Consultation on Requirements for Vaccinia-Rinderpest

Recombinant (VRR) vaccines met at the Office International des Epizooties

(OIE) Headquarters from 21 to 24 August 198912). One of the authors (K.Y.)
attended the meeting as a participant. The report states its purpose as
follows: "Recent advances in the development of vaccinia-rinderpest
recombinant viruses have amply demonstrated the possibility of an entirely
new generation of rinderpest vaccines provided that safety and efficacy
criteria can be safely met. " The followings are part of the items discussed
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in the meeting: risks associated with the use of RRV, efficacy requirements,
and guidelines for the field release of RRV vaccines. At any way, it is very
meaningful that an international meeting was held with regard to the safety
and efficacy of a recombinant virus vaccine. Consultation with the
recommendations and guidelines of OIE meeting would help to avoid
potential problems accompanied by vaccine development.

PROBLEMS AND PERSPECTIVE OF THE ANIMAL VACCINE DEVELOPMENT USING
LIVE RECOMBINANT VIRUSES

Gene technology is used at various stages of vaccme development and now is
one of essential techniques in this area. The outline of viral vaccine
development is summarized in Figure 1.1) Cloning and sequencing the virus
genome and elucidation of the function of its genes. 2) Madification of virus
genome to generate a virus with favorable characteristics as a live vaccine.
3) Construction of live recombinant viruses, bacteria and other organisms
expressing foreign antigen. 4) Cloning of the viral gene coding for protective
antigen and its expression using various host/vector systems. 5) Mass
production of the antigen for component. vaccines.

e N

} /l\

Modification ~  Construction =~ Large-scale  Peptide

of Virus - of Recombinant  Antigen Synthesis’
Live Vaccine Live Vaccine Subunit Peptide
(modified type)  ( rec. type ) - Vaccine Vaccine

Fig. 1 Outline of viral vaccine development using gene manipulation
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The application of gene technology to vaccine development has the advantage
that a large scale growth of pathogenic viruses is not necessary to obtain
the antigens. There are three key factors for vaccines; 1) efficacy, 2) safety
and 3) economy. In order to fulfill these conditions, elaboration of the
molecular design of vaccines are essential regardless of whether it is a live
vaccine or component vaccine. Live vaccines are usually more effective and
cheaper than component vaccines. On the other hand, component vaccines are
safer than live vaccines. Live vaccine made by gene engineering are roughly
divided into two categories: 1) the achievement of attenuation by modifying
part of gene(s) which is responsible for the virulence of viruses (live
modified vaccine), and 2) the construction of recombinant viruses
expressing the protective antigen of target virus by the use of an attenuated
virus as a vector’ (live recombinant vaccine). For the construction of a live
modified vaccine, it is essential to elucidate the viral gene(s) responsible
for virulence. Thymidine kinase is known as one of such genes, and deletion
of the function of the gene is known to lead to the reduction of virulence
gither in pseudorabies virus of pig and vaccinia virus. In the case of vaccinia
virus, however, the loss of the function of thymidine kinase gene results in a
marked reduction of viral replication leading to the loss of vaccine effect.
Therefore, when a recombinant virus is constructed it is rather preferable
to insert a foreign gene into the gene lesion which is not involved in viral
replication. From this point of view, the use of attenuated vaccinia virus as
a vector is essential. In our study on the RRV, we employed this strategy,
that is, RV hemagglutinin protein gene was inserted into the hemagglutinin
protein gene of LC16mO, an attenuated vaccinia virus. In the future, it is
possible to construct an ideal vaccinia virus vector with highly attenuated
nature and :ample activity of replication, if all genes responsible for these
functions are known. In this regard, it is interesting to note that a vaccinia
virus gene related to complement system proteins (ps/hr gene) was found
to be responsible for the regulation of plaque size and host range of the

virus but was not involved in the neurovirulence!3). The augmentation of the
expression of foreign antigen also contributes to the improvement in
efficacy, safety and economy. As shown in the case of RRV, the modification
of promoter region augmented the amount of antigen expression by ten
times, resulting in the decrease of vaccine dose to 1/10 of the unmodified
vaccine for successful immunization in rabbits. Recombinant vaccinia
viruses usually possess a high activity to induce cell-mediated immunity.
For example, it was suggested that the inoculation in sheep of a recombinant
vaccinia virus expressing bovine leukemia virus (BLV) envelope glycoprotein
suppressed BLV replication via the augmentation of cell-mediated immune
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responses14), suggesting the possibility to utilize the virus as a therapeutic .
vaccine for retrovirus infection. One of the problems of recombinant
vaccinia virus is that it sometimes fails to induce sufficient humoral
immunity although it usually induce strong cell-mediated immunity. This
defect may be also overcome by the construction of a recombinant virus
which possesses a proper replicating activity and an augmented expression
of target antigen. Several virus and bacteria vectors other than vaccinia,
virus have been also used as an expression vector of foreign antigens,
including fowlpox virus and bacille Calmette-Guerin (BCG). It is also noted
that a field trial aiming at large-scale eradication of rabies using
recombinant vaccinia-rabies vaccine has been successfully done in

Europe15). The results of both rabies and rinderpest suggest a promising
future of the practical application of recombinant vaccines. Recombinant
vaccinia viruses have the following advantages: 1) being able to induce
strong cell-mediated immunity, 2) usable as a multi-valent vaccine, 3) easy
to produce and inoculate 4) cheap, 5) heat stable. Safety is the most serious
potential problem of the vaccine, but as discussed at the OIE meeting the
utilization of an attenuated vaccinia virus as a vector will overcome the
problem. Live recombinant vaccines have a special merit when used in a
large scale, such as the eradication campaign of rabies and rinderpest.
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