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Abstract — The cDNA, encoding human lysozyme (HLY) which was isolated from a human placenta
cDNA library, has been well characterized (Yoshimura ef al., 1988). Based on the communication,
we have prepared an artificial HLY gene from chemically synthesized 38-oligomer with high codon
usage in Saccharomyces cerevisiae. For directing the synthesis and secretion of HLY in S cerevisiae,
an expression vector, pHK1 was constructed by inserting the HLY gene, containing a synthetic
HLY secretion signal sequence, between the yeast GAP promoter and PHO5 terminator. From
a lysoplate assay, we have confirmed an yeast transformant harboring a pHK1 which makes a
clearing zone on the overlayed Micrococcus luteus. This result means a chemically synthesized
HLY gene which was normally expressed and secreted in yeast.
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2%2] agarE 7}l ZA3}eich

2 B W AR
AIRE 9} DNAY FHAE 4 A g sl A 4]
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o] BF2h8-g T of MdwTe] A= AAE
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18 -10
Met Lys Ala Leu [le Val Leu CGly Leu Val Leu Leu Ser
QCTAGCAGTCAAC ATG AAG GCT CTC ATT GTT CTG GGG CTT GIC CTC CIT TCT 33
-1 1 10
Val| Thr Val Gln Gly Lys Val Phe Glu Arg Cys Glu Leu Ala Arg Thr Leu
OTT ACG GTC CAG GGC AAG GTC TTT GAA AGG TGT GAG TTG GCC AGA ACT CTG 90
T C CT A T
20
Lys Arg leu Gly Met Asp Gly Tyr Arg Gly [le Ser Leu Ala Asn Trp Met
AAA AGA TTG GGA ATG GAT GGC TAC AGG GGA ATC AGC CTA GUA AAC TGG ATG 141
G T c T CT T o ICrTié 7T
4
Cys Leu Ala Lys Trp Glu 8  Gly Tyr Asn Thr Arg Ala The Asn Tyr Asn
TGT TTG GOC AAA TGG GAG AGT GGT TAC AAC ACA CGA GCT ACA AAC TAC AAT 192
G A TCT TA T C
50 60
Ala Gly Asp Arg Ser Thr Asp Tyr Gly Ile Phe Gin Ile Asn Ser Arg Tyr
GCT GGA GAC AGA AGC ACT GAT TAT GGG ATA TTT CAG ATC AAT AGC OGC TAC 243
cC T CGT TCY C € T €C € A T CTCTAA
70 80
Trp Cys Asn Asp Gly Lys The Pro Gly Ala Val Asn Ala Cys Hls Leu Ser
TGG TGT AAT GAT GGC AAA ACC CCA GGA GCA GTT AAT GCC TGT CAT TTA TCC 294
£ ¢ T G T C C C CAG & 6 T
0
Cys Ser Ala Leu Leu Gln Asp Asn [le Ala Asp Ala Val Ala Cys Ala Lys
TGC AGT GCT TTG CTG CAA GAT AAC ATC GCT GAT GCT GTA GCT TGT GCA AAG M5
T TCT T C € ¢ T ¢ T
110
Arg Val Val Arg Asp Pro GIn Gly [le Arg Ala Trp Val Ala Trp Arg Asn
AGG GTT GTC CGT GAT CCA CAA GGC ATT AGA GCA TGG GG GCA TGG AGA AAT 396
A C TAaar ¢€ T C T C T CT C
120 130
Arg Cys Gln Asn Arg Asp Val Arg Gin Tyr Val Gln Gly Cys Gly Val =
CGT TGT CAA AAC AGA GAE GTC CGT CAG TAT GIT CAA GGT TGT GGA GIG TAA 447
AA AA A C T €

CTCCAGAATTTTCCTTCTTCAGCTCATTTTGTCTCTCTCACAATTAAGGGAGTAGC TTAAGTGAAAG 514
GTCACATACCATTATTTGOGGTTCARACAAATAATATTTTTACAGAAGCAGGAGCAAAATATGGCCT 581
TTCTTCTAAGAGATATAATGTTCACTAAATGTGGTTAT T TATATTAAGCCTACAACATTTTTTAG 648
TTTGCAAATAGAACTAATACTGGTGAAAATTTACCTARAACCTTGGTTATTAAATACATCTCCAGTA 715
CATTCCGTTCTTETTTITTIC 735

Fig. 1. Nucleotide sequence of the cHLY including co-
mplete coding region and the 5’ and 3’ flanking regions.
The deduced amino acid sequence (16) is shown above
the nucleotide sequence. Numbers for amino acid resi-
dues appear within the sequence, whereas numbers
for the nucleotides are given on the right-hand side.
The aa residue 1 corresponds to the first aa of mature
HLY protein; residues --18 to —1 refer to the secre-
tion signal peptide. The nucleotide sequence is numbe-
red starting at the first nt of the ATG start codon.
The start and stop codons and a putative polyadenyla-
tion signal are underlined. Nucleotides undered the
nt indicate the sequence of synthesized deoxyoligo-
mers of HLY gene.
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AleElgl o, Y] signal?p FulslE chulale] g
BA4E e d6), oA zpale] H9] signale]
o]F2] Axrh EgAel BE sFsAe) . )
glod E-e2i 9] HLY S 9] signalg o] 4372 s}¢ich
HLY®| o}u|X 4lel|= WH3lgle) w5l HLYS cDNA
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d7)vled F Bennetzen®} Hall(9)2] S. cerevisiaeo) HLY F472E =lg-He g sH431r] 98te] Fig. 1
el W% codond FAE Fle] A= HLYS off A vjellli= uwlel o] At A code HE-S A
DNA<I7] wjed& Fig 104 vhebuieic) B o Z vPro] 38709 10~33 merol ©] 2% oligo-
mers FA7IE shedc) o]l & WA =ZA AR~
HLY STEXe| siat= gt U &= 12, 13~26, 27~38) 2.8 }7of Fig 2|49} 3ol
HL.1 -18 -10 -1 1
M?t Lys Ala Leu I{? Val Leu Gly Leu Val Leu Leu Ser Val Thr Val Gln Gly:Lys

« 1 > £ 3 » J
AATTCAGTACTCCACC ATG AAG GCT CTC ATT GTT CTG GGG CTT GTC CTC CTT TCT GTT ACG GTC CAG GGC AAG
GTCATGAGGTGG TAC TTC CGA GAG TAA CAA GAC CCC GAA CAG GAG GAA AGA CAA TGC CAG GTC CCG TTC

7 4 y — 6

10 20
Val Phe Glu Arg Cys Glu Leu Ala Arg Thr Leu Lys Arg Leu Gly Met Asp Gly Tyr Arg Gly Ile Ser Leu
y o 7 > o 4]

GTT TTC GAA CGT TGT GAA TTG GCT AGA ACT TTG AAG AGA TTG GGT ATG GAC GGT TAC CGT GGT ATC TCT TTG
CAA AAG CTT GCA ACA CTT AAC CGA TCT TGA AAC TTC TCT AAC CCA TAT CTG CCA ATG GCA CCA TAG AGA AAC

Mboll BstEII
30 40
Ala Asn Trp Met Cys Leu Ala HL.2Z2 Lys Trp Glu Ser Gly Tyr Asn Thr Arg Ala Thr
» % 11 > —]3——« 15 D
GCT AAC TGG ATG TGT TTG GCC AAGCT TGGCCAAG TGG GAA TCT GGT TAC AAC ACT AGA GCT ACT
CCA TTG ACC TAC ACA AACCGG T TCGAACCGGTTC ACC CTT AGA CCA ATG TTG TGA TCT CGA TGA
12 » — 14 > 4
Ball, Haelll Hinfl Alul
50 60
Asn Tyr Asn Ala Gly Asp Arg Ser Thr Asp Tyr Gly Ile Phe Gln Ile Asn Ser Arg Tyr Trp Cys
17 > 19 » 4

AAC TAC AAC GCC GGT GAC COT TCT ACT GAC TAC GGT ATC TTC CAA ATT AAC TCC AGA TAC TGG TGT
TTG ATG TTG €GG CCA CTG GCA AGA TGA CTG ATG CCA TAG AAG GTT TAA TIG AGG TCT ATG ACC ACA

16 »e 18 > 20 »
Mspl---~-wuu- Mboll
Hpall BstEII
70 80
Asn Asp Gly Lys Thr Pro Gly Ala Val Asn Ala Cys His Leu Ser Cys Ser Ala Leu Leu Gl
21 re— 23 r 25 >

AAC GAC GGT AAG ACT CCA GGC GCC GTT AAC GCC TG% &AC TTG TCT TGT TCT GCT TTG CTG CA
TIG CTG CCA TTC TGA GGT CCG CGG CAA TTG CGG ACA GTG AAC AGA ACA AGA CGA AAC G

22 > & 24 > +——26 ‘
wwwwwwwwwwwwww Hpal, Hincll Pst]
Hinfl BstNI Narl, Bbel
EcoRI1 Banl
HL3 0 100 110
Asp Asni lle Ala Asp Ala Val Ala Cys Ala Lys Arg Val Val Arg Asp Pro Gln Gly lle Arg Ala Trp
% 27 r 29 y 31 » <

G GAC AAC ATC GCT GAC GCC GTT GCC TGT GCT AAG AGA GTC GTT AGA GAC CCA CAA GGT ATC AGA GCT TGG
acgtC CTG TTG TAG CGA CTG CGG CAA CGG ACA CGA TTC TCT CAG CAA TCT CTG GGT GTT CCA TAG TCT CGA ACC

28 > 30 » 32
Ddel Hinfl Alul
120 130
Val Ala Trp Arg Asn Arg Cys Gln Asn Arg Asp Val Arg Gln Tyr Val Gln Gly Cys Gly Val =%
33 y 35 p o 37 »

GTC GCT TGG CGT AAC AGA TGT CAA AAC AGA GAC GTC AGA CAA TAC GTT CAA GGT TGT GGT GTC TAAtcgatatca
CAG CGA ACC GCA TTG TCT ACA GTT TTG TCT CTG CAG TCT G1T ATG CAA GTT CCA ACA CCA CAG ATTagctatagttcga
> 34 > 36 > € 38 »

EcoRV

Fig. 2. Nucleotide sequence and restriction enzyme sites of the synthetic HLY.DNA. The HLY DNA was synthesized
with three fragments of HLI1, HL2 and HI3 DNAs.

Individual oligomers are indicated by numbers with arrow. Each restriction enzyme site was underlined. Others
are as described in the legend to Fig. 1.
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Fig. 3. Electrophoresis pattern of intact or digested pla-
smid DNA on agarose gel,

A-1), B-1), C-1), D-1), E-1), 2) and F-1) are 1% agarose
gels and the others are 1.5% gels. M is mixture of
molecular weight marker of HindIIl digested A DNA
and Haelll digested oX 174 DNA. M2 is only Haelll
digested ¢X 174 DNA. Each lane is detailled in the
text.

HL1, 2, 322 27 =g]8}dc) Tanaka S(18)¢)
oS W83l WA, Fig 29] HL1 DNA slale
F5-& 7} 100 pmole 2] 1~122] oligomer2} 10 mM &
ATP Ea sl 10 units2] T4 kinase s}oljr] zH
abeh8- gl abglsledr) o]5 spin columng o]%-3}e]
chld ) wink-3- ATP 5-& Al Asksich A% oligo-
mers 100 mM NaCl -&zlfslell 4 95T 537+ 3]zl
stof Hhifsieic), of ‘ﬂ%q‘i'ﬁ“ "‘a‘ﬂ%“ﬁiﬁ; S
|71 5 Ligation kit-& o]8-8}od 16T, 24 4] 7} ligation
delstaich o] ligation HHEo-8& 2%2] agarose gel
A7ledx & 170bp 29 band 1S H3sle]l DNA
A A &l wig] 21] a4 EcoRI Sacle =
k- Aok 7zl pUCI2 plasmid®] 70 3HEol| w.9] &)
plasmid pHLI1(Fig. 4)3 = 2}stgic} o]i= Fig 3¢]
agarose gel % 7]odicol 2] A-19] 7’433}9} 7ol vl
Hd F G ESEr) zfelzp wirh B-eix) plasmld
DNAE #M&ta st EcoRI Balle i xz] & < 160
bp2el band”} A-22] gel Alol] vhelyich

olal, 7)ol Wo g o elste] 13~26 2
27~382] oligomer Sl 4 z+7zt Fig. 2¢] HL2 %! HL3
S 9o} o] & HL2 2@ HL3E Aga A Ball-Psil 3}

Pstl-Hindlll = 2 2] pUC12 DNA®| 4bslgh 7lo) Fig. 4
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chi 2

141

Pstl-Hindl 1}

Fig. 4. Construction of a human lysozyme expression
vector, pHKI1,

Construction procedures are detailed in the text. The
nner arcs represent the region and direction of trans-
lation of these genes. Thick lines represent DNAs de-
rived from S. cerevisiae. The striped and obligue frag-
ments bear the GAP promoter and HLY gene, respec-
tivly.

2] pHL " pHL3e] o]&-2- Fig 3¢ B-1 % C-1
Are} ol ELwel A7l wAd ol By
plasmid DNA &-2 717} Ball-Pstl, Pstl-HindIl12}
Pstl-EcoR1Z A z]ste] ole. H3}7} Fig 3¢ B-2 &
C-391 4 wepfar gl AlZ%5 o}5 4] DNA xtlisl
== d4st7] $13)od 94, Fig 49 plasmid pHL2Z-
Ball-Pstl 2] % agarose geloll #7]|od&slo] Hg
A A gk 2F 160 bp~l HL2 DNA =}#-8 plasmid pHL1
o} Ball-Pst1e] §-8] rlolel Atal&led plasmid Fig. 42
pHL4E v} o]+ Fig 3¢] D-1el4] el u}
°b o] pHL1X ) doHwrt 5858 ¢ 5+ 9,
EcoRIZ} Pstl b 23] Folli= Fig 32] D-2¢4 B=
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v} 7re] ek 340 bpe] DNA wtxie] vjepydch HL13
HL2 DNA ©hse] Abal =l plasmid & pHLA=F A3l
of 7)o HL3E <«dZ2]7]7] $18} Fig 42] plasmid
pHL3S Pstla} HindII[ 2 244 F-8l3to] 2o13] DNA
ttH HL3Z plasmid pHL49] Psil-Hindlll 59 A}
olol ®gléle] doiAl plasmid”} Fig. 48] pHL5e]t},
plasmid pHLA¢} pHL5E 7}Z} agarose gel #171<
=3l A} Fig 39 E-10]9 | & &<ldly] $fs}ed
A ZYE 2 EcoRI#H Clalo 5. F-3)% 3} 2F 480 bp ¥
DNA whslo] #e]=¢lckFig 3, E-2).

A E HLY 7322 Al DNA w3 HL1, 2, 39
od7jujede] Hefjeo] AdAIL FUF =9 AFEF &9l
shedc) whd 83 primers ©] 88k autoDNA se-
quencerel 4] d7)eld S AR Az} Eufe] dA ¢l
ZTAdgge o ¢ Uk A m]AAD.

B HLY USE vetor plasmid2] H|Z

S. cerevisiae s SFHER o]EFE HAR 3l
A28 13 vectord A Z}sH7| =2 o WE vector-‘?«:
2A= B o zAlol 4] siHtEl plasmid pHY101& o
£.3193v10). pHY101 DNA Aol 4] ﬁlaﬂww}
TuHE & promoteri S. cerevisiae2] 7HE-A] v A o
5% % A}A|EFe glyceraldehyde 3-phosphate dehyd-
rogenase?| +Z&-F3 2k GAPAA ZANAH 3 pro-
moter #4412 AU+ 4y 09kb THS L9 F2}e} o

2 GAP promoterE o|£3&ledic) ¢] promoter?
8}5 EcoRI -9l 471e] HLY 3 #AHE A2 A7
glucose 3}ell 4] mfok&t o GAP promoterel] £]3}oq
HLY=2] 24t #u)7}F od 35} o dubAQl 3 x)e]
gl ol = terminatoroll 2|sfA] mRNA2| AJAks-o]
Z7rE e, 22]sle] B A= S cerevisiaeo] A
71 W& coke] H| WA =2 repressible acid phospha-
tase®] FZFHAF PHO52] terminator §-3-5 o4&
gl Fig 42] plasmid pHY101e 4 APH052] Clal
o]} 2F 200 bp7} lel§} terminator F-3-ol sz}
(19).

o 2], Fig. 39 E-2& %€ 480 bp2] HLY DNA =t
EcoRI-Clal-e 2] AAlste] plasmid pHY1018] 1.5
kbe] EcoRI-Cigl DNA wd-S A7) % o2 A7}
Z2 & cdo)z] w8 plasmid pHK1-S Fig 32} F-
101]-"?9} ?"0] *r“«“}EJ“:‘] “EO']E & ""i T “"'E} °] 5

st Fig 32 F-zs} 2ol HLY §77 »H—J Pl
sglel 2lsto] HzS Ak DNA wle] vhepde
of 4= glr} A=A S cerevisiaedl 4] HLY WE-&
plasmid-& pHK1e|2} &l &5 2] A3l o] 8314

Kar. ] Appl. Microbiol. Biotechnol.
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S. cerevisiaeO|A{e] BN HLY ST XS] w3 &

el

2}7] Aol A A 2kEl HLY »al8- vector pHK1#]
S. serevisiaeol| A 2] HH S 2 ASEZ]E 3leich AR
S. cerevisiae Wi+ & A3 AN F5E S cerevi-
siaze, HY-1({trp1)-& S35 o]&3todc) HY-15 #l<k
slod o =Z=A17] &7 o]& A2 -E Lithium-acetate
gkl o 2 z)e)sted polyethyl glycol &zl 3}l H
plasmid pHK1S arAl¥lg Eq)3tsich =% F
SD-Trp gsiuf A] Abell zbehij= Trp'! &4 A $HA)
= 7Fd# o & plasmid pHK1-S A= 7oz 74
Fxlvh. pHK1 3 A" 3kgel4] HLYS] A4k Bu|e
M. luteus s ©] 43+ lysoplate assay ®.o& Fld)
At =Zu )= M. luleus S 24*)7F vl ofsto] of 7|
ol 0.8% =)A W4t agar 8§42 Hrpsle] 3Astein).
Ab71e) % A xstlS SDvTI’p i sihul %] o]
ubsle] 30T o2 o] &7} wiekgh 5 of7|of 4712
zA ¥ F3u A& 7Fshe] 30C ol A A4 ulf oFskadTh
Plasmid pHYlOl«l ] A M gh Al ol M= FEigE HE7)
A HZHA 9ol el oft oK H B oA A))
Fig. 5o} 22} 7ol HLY =32 plasmid pHK19] 3

Fig. 5. Lysoplate assay of Trp* transformant harboring
plasmid pHKI1.

After 2 days incubation of the transformant on SD-
Trp plate at 30C, M. luteus culture containing 0.8%
agarose was overlayed.
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