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Improvement of Production and Secretion of Heterologous a-Amylase from Saccharomyces cerevisiae.
Choi, Sung Ho and Keun Kim*. Department of Genetic Engneering, The University of Suwon, Suwon 445-
743, Korea — In order to increase the production and secretion rate of mouse salivary a-amylase from Saccharomy-
ces cerevisiae, various experiments were attempted. A plasmid pCNNinv (4MY) was constructed by the substitu-
tion of ADC1 promoter and native signal sequence of mouse salivary o-amylase cDNA gene with PRBI promoter
and yeast invertase leader sequence, which resulted in 25% increase in the production of a-amylase in the culture
medium. The respiratory deficient transformant carrying pCNNinv (4M7Y) were obtained by treating yeast cells with
ethidium bromide, and the o-amylase activities in the culture brothes of the respiratory-deficient transformants were
5-8 times higher than that of parental wild type strain. a-Amylase activity was also increased 3 times when the
0.015% (w/v) of 2-mercaptoethanol was added to the culture medium.
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Yeast strain and plasmids
Yeast strain S. cerevisiae K81(a trpl, leu2, ura3, gal2)
£ AHEsl o, A" plasmidst: Table 19 Yehigieh

HHX| & oHt

YPD¥} R](1% yeast extract, 2% Bacto-peptone, 2%
glucoseys BRuFel] glojA] shmiA|2 AME-E ST A
gy Evo] BalE $s|H SDHR](0.67% Yeast Nitrogen
Base without amino acids, 2% glucose, supplemented
amino acids)”} AFE-E o) HAASE Fro] AR K
THAEM Rzt A vHE AEI] A wiAEE
YPDIS3 agar ¥ X (1% yeast extract, 2% Bacto-peptone,
1% glucose, 3% Sigma Lintner potato soluble starch, 2%
agary} AME Y, a-amylase AR Y8 wiA| 2= YPS3
ol A vl] A (1% yeast extract, 2% Bacto-peptone, 3% Sigma
Lintner potato soluble starch)7} Al4-Hh T EAAFE
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Table 1. The list of plasmids.

Plasmid Relevant properties Source
ADCI promoter, mouse salivary
MS12 a-amylase cDNA, TRPI, 21 ori of K.K. Thomsen
P yeast, bacterial replicative ori of [18]
pBR322, Amp', 10.0 kb
PRBI promoter [14], LEU2,
. invertase signal sequence of K.K. Thomsen
PCNNinv S. cerevisiae, lacZ, PGK terminator, Denmark
Amp', 7.9 kb
PCNN(AMY) pCNNinv with the mouse salivary This work

a-amylase cDNA of pMS12, 9.5 kb

2AMY indicates the mouse salivary a-amylase cDNA.

Be], #alslr] ¢18 YPDG(1% yeast extract, 2% Bacto-
peptone, 1% glucose, 3% glycerol)ol] 0.05%(w/v) triphenyl
tetrazolium chloride(TTCY7} S<]7F vll#| &} SG(0.67% Yeast

Invertase
signal sequence

E PGK terminator
uy

pCNNinv
79kb

1. Eagl digestion

2. Klenow fragment

Invertase E
signal sequence E
invertase
signal sequence
PRB1
promoter

PCNN(AMY)

Nitrogen Base without amino acids, 3% glycerol)#l] %} 7}
AReE e}, B2 ik 3718 A A 300 A
S314] z1ehfelr el A 200 pme] 452 WeFsth

pCNN{AMY] H|=}
Az A 2L 913 DNAS P ES
Sambrook §11] WHell ulebr $=80= 9t} Mouse salivary

o) -

o-amylase cDNAC] ¢l+&=

F= BE
mouse native signal sequences
A 7B} S. cerevisiae invertase signal sequence® A5}
7] $]8}ed pMSI2 plasmid=E. HE] mouse native signal
sequenceS A 2] A]Z] mouse salivary o-amylase cDNAS- ¥
2] 3}e vector pCNNinv(K. K. Thomsen, Carlsberg Laboratory.
Denmark)el] AIAIAAM 22 vector pPCNNAMYYS A=}
alol oh(Fig. 1). WA pCNNinvE Eggl endonuclease® A}
2394 ANTPE ¥o]& 23} A Klenow fragmentel] £

3t DNA polymerization BF-§-& A|# 5-protruding end&

Hind Ili

1. Apal/T, DNA
polymerase

2. Hidlll/Klenow
fragment

a-amylase

1.6 kb

Ligation

. a-amylase
Il,‘,

Z

'\ PGK terminator

9.5 kb

Fig. 1. Construction of pPCNN(4AMY). E indicates the restriction site of Eagl.
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S5 53, T ocamylase Y S T3 H

ZAo] $53-E g F o]7S K81/pCNNUMY)ZHL
wHeslelct. WA FAASA 2] o-amylase activityS HH
K81/pCNN(AMY)®] 73-3- 394 wiodol| A o-amylase activity
7} K81/pMS125.5} ¢F 25% |4 F713H He<= 2o
3 gJok(Fig. 2). 17]9|M o-amylase AR pMS12 X}
pCNN(AMY)®] 7397} wioFd Al 712Hs<t 9531 =7
et b G RAEO] AAE A vkt FE Beln
glt}. o] 28k K81/pCNN(AMY)e] o-amylase BAF71=
secretion signal sequencedl] 9J3F ¥-B]&E-&2] X}o] 1w]aL
promotor strength X}o]ol] &3t A o2 Alg v}l & pMSI2
X ADClI(alcohol dehydrogenase gene 1) promoter L] 3l
mouse salivary c-amylase native secretion signalg& 7}A] 1L
9) 3, pCNN(4MY)= PRBI promoter 123 S. cerevisiae
9] invertase signal sequenceZ- 7FA|1L )T}, o FA HR9
promoterZ BFE-C.ZA] ERX ] 2= il YAk ST
A7l Qe FHIOE AlS FHol o lem[7], Hlh Y
2] native secretion signal sequenceE ARS8t wj B} yeast
T-f2] secretion signal sequenceZ AF4-3 o secretion
efficiency’} 7 Veh e Z3Eo] Basoe] Sioil, 16].

Table 2= K81/pCNN(AMY)$} K81/pMS129] M| E 9] 2
2H)¥ g-amylase A1, periplasmy] 24, 123 Al E
P2 77t FEEE ZA 8 FAdolrt. of 7)o A K81/
pMS128] 744+ AA a-amylase FoNA 89.4%7} growth
medium®-2 EH]E e o]e} 2+ A3= Thomsen[18]
o] Bt Axjel Y5} i}, 3, K81/pCNN(AMY)]
74 96.3%7} ¥H|=o] invertase signal sequence®] AR
© 2 native mouse salivary c-amylase?] signal sequence®]
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Fig. 2. The time course of o-amylase activities of the K81/
pMS12 and K81/pCNN(AMY). Cells were grown at 30°C in
YPS3 in a rotary shaking incubator operated at 200 rpm. A(4A ),
cell number of K81/pMS12; B(L), cell number of K81/pCNN
(AMY); C(), a-amylase activity of K81/pCNN(AMY); D(+), o~
amylase activity of K81/pMS12.
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Table 2. Localization of a-amylase.

Subcellular Relative o-amylase activity® (%)
fraction K81/pMS12 K81/pCNN(AMY)
Extarcellular 89.4° 96.3
Intracellular 53 0.0
Periplasmic 53 37

*The o-amylase activities were measured after 2 days of cultivation
at 30°C in a rotary shaking incubator operated at 200 rpm.

°This data are the relative a-amylase activity against total o-amy-
lase activity.

Table 3. a-Amylase production by respiratory deficient mutants®.

Aerobic culture®  Anaerobic culture

: .. Activity/ ... Activity/
Strain and clone No. A((l;:r]:l,tl)ty 10° cells A((l:ltrll\l,:)ty 10° cells
(unit) (unit)
[K&1/pCNN(AMY)] 1.81 0.39 1.64 0.42
[K81/pCNN(AMY)]p~
clone No. 3 1.89 2.28 2.06 1.87
7 1.95 1.82 2.31 297

24 2.12 3.02 1.67 2.88
49 1.95 2.70 1.87 3.1
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Fig. 3. The time course of the a-amylase activities of the rho”
cells(A) and rho™ cells(B) of K81/pCNN(AMY). Cells were
grown at 30°C in YPS3 without shaking. #l, cell number per ml;
[, o-amylase activity (U/ml).

Table 4. Effect of different ratios of yeast extract and peptone
in culture medium on the a-amylase production by K81/pCNN

(AMY)™.

Growth medium (%)° Relative a-amylase

*The o-amylase activities were measured after 3 days of cultivation
at 30°C.

®The cells were grown in a rotary shaking incubator operated at 200 rpm.

“The cells were grown without shaking.

SEZF 23 2Hlg BT

o8] TFASH|F(p- cells) 10003 F Z<llA] halo size
£ 248l a-amylase 471 Frhal ARRE: 4755 A
Haldv) o] 59 a-amylase FAE A8l B2 A2} (Table
3), 719} o-amylase A4 o] parentq] K81/pCNN(AMY)HE =}
FA% AL HedFa glom, 3717 wiFst §7)4 ok
ZFoM BFHPH| T2 g-amylase BAo] ¥k 1x10*
cell# oc-amylase A2 wlws] X ¢f 5~8u] A= 7}
3l

Fig. 3-& wj9FA] 7ol w2 K81/pCNNUAMY)wild type,
pH)et K81/pCNN(AMY)lp- No. 49 F TF9] o-amylase
S W71H wikEAelA vt Adteldt. 3EFA AN
o] F7} o Foll vldle] g-amylase Aol A Ve,
ZEAAH ] 73wk 2 A 22| o-amylase &
23-& e} Kaisho 5[4} 3FZAHo|TE o] 8-3)
human lysozyme AAMS- <F 109 A= FA=2-S ¥ vs}
933L, Parikh 58> Z-F-HoH o] F-2] ezl Yak
9] &7} o]§-2A, transcription leveld 233, m-RNA2]
stabilityell *33-S F= ez o2z o]H negative
element®] WHao] T-FA T A= Al oA transcription
levelol A -4} whado] F7k= o] protein®] AJAbe] F71=]

Yeast extract Peptone activity (%)
2.5 5.0 14.3
1.5 3.0 71.4
1.0 2.0 100.0
0.5 1.0 62.5

“Cells were grown at 30°C in a rotary shaking incubator operated at
200 rpm for 3 days.

®The growth medium contained 3% starch and different percentage
of yeast extract (Y) and peptone (P).

Table 5. Effect of different concentrations of NaCl on the -
amylase production by K81/pCNN(4MY)?

Concentration of NaCl (mM) Relative oi-amylase activity (%)

0 88.6
100 100.0
200 93.2
300 65.9
400 61.4

*The a-amylase activities were measured after 3 days of cultivation
of the cells at 30°C in YPS3 with different concentrations of NaCl
in a rotary shaking incubator operated at 200 rpm.

BiX] =Mof| U2 o-amylase M4 SE
AARRR|e] 24, NaCl, Z2]31 394124 2-mercaptoethanol
S wx]ol] H7tsted whekst ¥ o-amylase activitys $A&F
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Table 6. Effect of different concentrations of 2-mercaptoethanol
on the a-amylase production by K81/pCNN(AMY)?,

Relative o-amylase
activity (%)

2-Mercaptoethanol
concentration (mM)

0.000 327
0.001 59.1
0.005 77.6
0.015 100.0

*The o-amylase activities were measured after 3 days of cultivation
of the cells at 30°C in YPS3 with different concentrations of 2-
mercaptoethanol in a rotary shaking incubator operated at 200 rpm.

ZAIE Table 4, 5, 6ol eI Table 4ol4] X2l A=t
ujR] 2] AJB-e] yeast extract®} peptone®] B|-Eo] 2z}t 1%,
2% o wiR ] o-amylase activity’} 7HE & AR
velbykoh 28] 32, Table 53 Table 62 2z}2z} NaCl# 2-
mercaptoethanols BiX|Wjol] 27}3le] -amylase activity2] ¥
35 Al ZA3lY] NaClel 735 100 mMe] A7) ozt
2] o-amylase activity’§ AF 7S 2.933%, 2-mercaptoethanol
< 0.015%(v/v) B7131E W a-amylase activity”} =7l
Hlsir oF 3wl A= F7RE A BedFAL §e. Rossini 5
[91= wiA] Wel 2-mercaptoethanols 20 mM A 2|8}ed B-
galactosidase®] HH|E-8-& 4% FAAFH T T R o)
gk B Alge] ¢ 2-mercaptoethanols v 2 &4
A9 Z712 2#19l7] WFoll, 2-mercaptoethanol’} a-
amylase 2}418] Aol m| X S 2L R Ao, B
Aol Al AFE-3F 2-mercaptoethanol®] 5E(0%-0.015%)=
a-amylase Adell ojuwj g}t 8= w]|X]#] F3}9]vh(data not
shown). WebAl 2-mercaptoethanole] EA8A AAIE Z71
AAES 75A2 wiAlEl 9w} o83 2-mercaptoethanolel]
2 &t a-amylase A F71= 2-mercaptoethanolol] 23t
A z8 Wy o Bu]E-go] FTBIdR9e] 45 7]
3= A oFE Bz}, 1 o] 9o B o] disfiMe v o
78 8ol 9ot

o ok
I =

Saccharomyces cerevisiae=F€ & o-amylase®] L&
9 ¥l 2AA717) Njed ofel Aao] +h ek
ADCI promoter$} mouse salivary o-amylase cDNA gene
9] native signal sequenceS- & X2 PRBI promoter®} in-
vertase leader sequence®. ™ *| &t plasmid vector pPCNN(AMTY)
Z Azbslct. ERAM EoA AAE o-amylase®] M| E 2
9] F8]8-& mouse a-amylase®] native signal sequence$]
9= 9F 89.4%0¢]912™ invertase leader sequence® X3t
H A9 96.3%2 R EEo] SR P K81/
PCNN(AMY)e} ZFZA I o|F¢] K81/pCNN(AMY)p-2] &
713 27138}l A2 ek H 7} o-amylase Y AEFo] K81/

pCNNAMY)EE} K81/pCNNUMY)p—7F < 5~8u) A= F
7}t a-Amylase®] AAbel] 1o Al wiAl A o o}
K81/pCNN(AMY)2] A AES719] vl wiA] A E-9) yeast
extract?} peptone®] TAdU]E&-S V| W3S @ yeast extract
1%} peptone 2%, NaCl2] 73-$- 100 mM, 2-mercaptoethanol
3l 5ol 0.015%wivys A7l o 9 84 34
£ e AL, B3] 2-mercaptoethanold] 74-F-ol|&= =7
off vl A AJAkaFe] of 3wl AE FAFHA

#Ale &

2 AFE BFAAT 7| 2ATHU 2% Az o]
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