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Characterization of the sake yeast Saccharomyces cerevisiae : Its increase of the activity of

general amino acid permease (GAP) and the effect on sake brewing

Keiko Konama, Yoshihito 10, Yuichi YONEKURA,
Tadashi YaAMAMOTO, Hiroshi SAKURAI and Junya OHSAWA
(Iwate Industrial Research Institute
3-35-2 Liokashinden, Morioka, Iwate, Japan)

General amino acid permease (GAP), which is nitrogen-regulated, transports all naturally occurring
amino acids in Saccharomyces cerevisiae. The activity of GAP is coordinately derepressed during growth
on poor nitrogen sources such as proline, and it is inactivated in the presence of ammonia or glutamate.
To analyze the effect of GAP activity on sake brewing, we examined a sake yeast with a high expression
of the GAPI gene by constitutive promoter. In sake mash, intracellular amino acid contents of the yeast
were higher than that of the parent strain except for proline during fermentation. With incréasing GAP,
changes in sake components were observed including high contents of isoamyl acetate and the composi-
tion of organic acids. Because of GAP inactivation, the parent strain was not able to grow on a
methylamine medium including proline as a nitrogen source, while constitutive GAPI expression
resulted in the utilization of proline on the same medium. Methylamine resistant mutants were obtained,
almost all producing a high content of isoamyl acetate. In one of the mutants, E 136, intracellular amino
acid contents increased during the sake fermentation test, and the GAPI gene was highly expressed
under a rich nitrogen medium compared with the parent strain.
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U720 Jauniaux 57 OIREC & 2 KBRS D GAPI
FEHS & D BEE R T IR D 5 B & U8 3 AR R
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pGAP 1/K 701 % UF K 701 % YPD #ifd#5#h T 30°C,
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TIRER MR E RS LT,
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IMEA D RER T BER © D HE® 125 T2, #BK 1kg
(X6 70%) O/MEA % 3B % pGAP 1/K 701 }
VK701 ZRIWTHM LTz %72, A F LT 3 Uit
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#®2EIEIX D SiRZ-ENC 1°CF 2 R, BB ShE»
15°Ce%b &5 Liz, W21 FIELc@mLNME 7
AT =1 & B IBHGE & > TR L7z, B0
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Table 1 Intracellular amino acid compositions of the yeasts in sake mash

Amino acids (umol/10® cells)

7 day 14 day 21 day
K701 pGAP1/K 701 K701 pGAP1/K 701 K701 pGAP 1/K 701
Asp 24.6 36.1 88.5 107.8 7.5 14.7
Thr 37.8 41.9 67.8 90.5 16.5 16.1
Ser 62.5 79.5 124.0 224.6 26.2 38.2
Glu 648.2 655.6 1167.3 1471.9 197.3 324.0
Gly 190.4 262.3 257.0 482.3 45.1 115.5
Ala 1163.8 1389.4 2328.5 2999.4 555.2 980.4
Val 61.7 91.1 74.2 107.2 10.1 15.8
Cys 40.9 37.3 225.0 232.7 99.1 142.3
Met trace trace trace 4.6 trace trace
Ile 42.8 59.3 82.1 137.6 16.3 41.0
Leu 43.9 60.2 81.5 140.2 11.8 22.9
Phe 13.5 22.3 28.1 69.3 4.0 7.9
Tyr 20.4 48.3 28.4 49.0 6.1 8.5
His 125.9 158.9 293.0 393.3 92.3 137.6
Lys 132.3 219.8 263.1 494.6 49.2 121.5
Arg 334.3 299.9 368.8 517.5 51.2 113.5
Pro 58.7 23.5 281.1 77.5 12.2 2.4
Total 3001.7 3485.3 5758.2 7600.0 1200.2 2102.3

300

250 p

200

150

2

CO evolved (g)

100

50 |

0 S 1 1 1 1

5 10 15 20 25
Time (days)

Fig.1 Time course of carbon dioxide evolution
from moromi during sake brewing.
Symbols : - O-- K701, -@- pGAP1/
K 701
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Table 2 Analysis of sake brewed with GAPI gene
constitutive expressed yeast

Strain K701 pGAP 1/K 701
Alcohol (%) 19.8 18.2
Acidity (ml) 2.7 3.0
Amino acidity (ml) 2.4 2.3
Lactate (mg/1) 558.9 579.6
Acetate (mg/1) 62.4 50.1
Malate (mg/1) 535.7 723.5
Citrate (mg/1) 125.1 129.0
Succinate (mg/1) 720.1 799.1
Ethyl acetate (mg/1) 97.7 122.7
Isoamyl acetate (mg/1) 5.9 10.9
Isoamyl alcohol (mg/1) 180.5 189.7
Ethyl caproate (mg/1) 1.5 1.5

2D & QBB O M OME KR CH BB AR %
Table2 v U7z, — MOMEICIZAE 2ZMBE 6 h
o To b, FHEERAERRIC B VLT Y v T EREE S
1.4 5% <%0, BRREEBMEL 23 EHAsL 5>z,
1kg O/MI5AH Z2FE DR L 2 SEIR DK B 5
120 ERESKRIMNC DOV TIIRERL T X 5V EDSHINS
BIHED A SN, RHCGEERTH DB YV 7 I v
BRI T 2 fERBERAL Tz, RN T 3 /8
BN U 723580212 Ehrlich B & 2 &k 7 v o
- VDERNDEEDERENDD, AV T IVT NV
I-VERZIEBEREBA SR ho Tz,
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GAP1 BT, 7Y E=7HET TR S h
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#, GAPI BET OFFHADOEN & o> THE WHED
AoNDZ EBTRE NI, pGAP1/K 701 & K 701
LD YERHFEE LEHICBTEAF LT S
it DHEE % Table3 R Lz, A F LT 3 ¥ 50
mM O EE TKT701 O 4:F XS 2 2 7228,
PGAP 1/K 701 i I3RS 2 b o Fzo - F7, BFPDS
E'E % YPDEHUCB W TR A F V7 § > % 100mM
WL 7283 b K701 348 220 R d o1z,
IhoDREIE, Tu) Y RSHREE L, 2T
W7 IV DEL N TIE GAP 3 % 3207 T 4: &5k,

Table 3 Differences in methylamine resistance

Viable cells number

Strain -
Methylamine concentration (mM)
0 50 100 200
pGAP 1/K 701 1.3X102  1.1X10? 23 -
1.5X10? 7 - -

K701

fanzy, GAPIEMT 2R SHBRIE 2 2
ETTa) YBRYAEFNTRILEh, S HWECR
5ZLERLTVS, LIdoT, ZhixiEEcihn
WEREBIE CRIRIWEE R 7 X BSE RO L L -3
R EIERGEE H 2 1o £ 2T, EMS LB %
TolBRl» 5 X F U7 3 > 100mM % & te IR
MU AFE R RE R B IS U o th, WA ARB L,
30°C, 3 Elffiftiiies U CAE BRI 22 3R L 12,
BT F A8 (Brix 15) T 13 FIREL €, 8
HMERSOLHFERL, 7ha- VAR DT R
14 BREFBEIK U T, BIRU T2 14 B 2K 100 g D /hH:
ABBRBRIH LT #80% Table 4 127Utz BUBGR I,
FEEAEDERBRIZBWT pGAP 1/K 701 12 & 3 f:
AHEFU LRI SNz, TRbb, BilA Y
7 INVEER I HERE K701 LRI ETHD, 2
EUFDb Db B ENTz, - T, HEERERTIXY >~
TEREFIIHEPREKT01 LV EWEEZRL, B
BB IEL, YO UTOEED DDA SNz, /¥
AT7- 58X D HEERB (K701 ZHARTRWO,
RSN, 45 X) OFESE, BERA V7 IVEROE W
E136, E208 D&MlidsE 4 o7z (Tabled)o 2D D
b, BERICEESERC S, B OFRLEB8DH S
ZETHROBEMOE o7 E136 12D WTHRXK 1kg
DHAHEIHEL T2
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Table 4 Analysis of sake fermented with methylamine resistant mutants

Strain Alcohol Acidity Amino Acetate Malate Isoamyl Isoamyl

acidity

(%) (ml) (ml)

K 701 16.1 3.5 2.9
E 005 15.8 3.7 2.7
E 031 15.1 3.3 3.0
E 061 15.6 3.7 2.5
E074 14.9 3.8 2.5
E103 13.8 3.2 2.3
E117 14.5 3.8 2.5
E 136 15.2 3.3 2.9
E 139 16.3 3.3 2.8
E 140 15.5 3.6 2.8
E 144 17.1 3.5 2.7
E 156 14.4 3.0 2.8
E 162 15.2 3.2 2.9
E 183 15.5 3.3 2.9
15.7 3.3 3.0

E 208

BEZSMBEL, WRARNODO 7 & BRI 2815 LTz,
ERB6 WO CWBANDO Y 3V BEENE WL
(Table5) Z s, XFN7 I Vit rig@e LT
7S BREEMDOBIA U 7 B B BERIBETH D,
GAPL BART % WA < F5 3 & ¥ 72 858 (pGAP 1/
K701) & [HBCEERR 1 Y 7 SV OF D 83250 0 Tl
DOEUBEC SN2 WE2EZ 2 LB TE T2, Bl

5PN, NN FEL BB REET 2720, 2
FNT S Uit RV T I RY P BT v E
=7 BIHRERE L TWw3, COLrsEoshTns
BERNC & 2 BRI S, AN RSS2 L b
bz, VU ITER, BEEEA V7 I VEESE L, E/A
HSRWERE SN TS, ZOEEBA VT ILT
VA= VHREREREIZ LA EEDbosTukn, »
V7 3 F Y7 - ¥ nitrogen regulation 213 T
D, RO WE SN2 ILHOME» b Lk
Wy,

BEERA Y7 IV, AV T IVTLaA-LET 2T
WCO-ARHEELTTNVIA- VTPV N FT YR T
7= RiLoTHRENDY, BEEA V7 S V%5
GEEE DD, HEATHLAV 7 IV Va- LE:
ZRMEE 2 HEIE ST w2, Ashida 59 13
A Y y7rusitkic D, KAEIS® I, »

FE s

acetate  alcohol
(mg/l)  (mg/D)  (mg/1)  (mg/1)
141 824 3.1 155.4
131 846 4.3 167.3
112 798 5.2 166.0
64 1141 4.4 145.9
149 1394 3.3 207.3
30 967 4.7 167.9
69 1179 5.8 162.3
35 1120 7.7 172.5
69 1269 3.3 143.4
159 809 2.0 139.5
135 909 3.1 149.2
20 1021 3.3 159.1
48 944 5.7 152.3
41 808 3.9 148.8
70 998 7.5 179.4
Table 5 Analysis of sake fermented with mutant
E 136
Strain K 701 E 136
Alcohol (%) 19.8 19.9
Sake meter —4.5 -7.0
Acidity (ml) 2.7 2.8
Amino acidity (ml) 2.2 2.3
Lactate (mg/1) 510.3 529.3
Acetate (mg/1) 30.0 10.1
Malate (mg/1) 685.2 931.2
Citrate (mg/1) 87.3 104.0
Succinate (mg/1) 538.9 585.7
Ethyl acetate (mg/1) 88.6 99.8
Isoamyl acetate (mg/1) 6.4 10.2
Isoamyl alcohol (mg/1) 196.9 194.9
Ethyl caproate (mg/1) 1.5 1.5
Intracellular amino 8.2 11.3

acid concentration
(1#mol/108 cells)

Intracellular amino acids analyzed with yeast cells
isolated from sake fermentation on day 12,
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Fig.2 Expression of the GAPI gene in a mutant

strain.

(A) Electrophoresis of total RNA, (B) Nothern
blotting using DNA fragment carrying the GAPI
gene.

Cells were grown in YPD medium and total RNA 20
ug was used for each lane.
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