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SUMMARY
I. Title

Development of yeast feed additive containing high contents of threonine and tryptophan.

II. Purpose

This study is pursued to develop yeast feed additive containing high contents of
threonine and tryptophan. The developed feed additive could decrease feed price, increase
farmer income, and reduce import of feed additive. Genetically controlled yeast can
produce increased contents of threonine and tryptophan and the yeast can be used for a
feed additive to improve feed quality. In economical aspects, by providing cheap amino
acids, increases in farmer income and decreases in feed import could be obtained. In

social aspects, by supporting farmers, social balances can be improved.

Il. Range of study

In this study, resistant mutants against certain amino acid analogue in the yeast,
Saccharomyces cerevisiae and Candida rugosa were developed. Also, a vector system
containing repeated sequences of threonine and tryptophan but it was toxic to
microorganisms. To measure the effect of the developed feed additive, the yeasts were
applied to feed for animal feed practice. The method of additive, ratio of additive and
transportation type were studied and optimized. A 5-liter-scale fermentation was
performed to study cultural -characterization of the developed yeast strains. A

2-ton-scale fermentation was applied for test feed additive products.

IV. Results and application of the study

In this study, Saccharomyces and Candida containing increased threonine and
tryptophan were successfully developed. Cultivating technology of the yeasts were
developed. The test product was used to measure the effect or chicken. When the
nutritional conditions were the same in chicken experiments, the weight gain of yeast
feeding group was not different from the control. Also trade was no toxic effect and
thus industrial application would be possible. The results and technologies will be
transferred to the accompanied company. However, the company should invest
fermenters to produce the developed yeasts.
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Table 2. TA T+ /N8

AEF Zgwa s
RE) R Z (%)
Thr(%) Trp(%) Thr(%) Trp(%)
Candida rugosa 1.31 5.04
A 25.97 0.21 0.81
=75 (CR) (100) (100)
Candida rugosa 2.76 8.95
B 32.15 0.29 0.94
o] 5=(MCR) (211) (178)
S. cerevisiae 2.36 0.52 7.39 1.63
C 32.90
o] F=(MSC) (155) (193) (147) (183)
S. cerevisiae
3.20 10.54
D transformant 32.03 0.33 1.09
(211) (210)
(TSC)
S. cerevisiae 1.52 0.27 5.02 0.89
E 30.29
) =T 5(SC) (100) (100) (100) (100)

A: Candida rugosa WZ+F (CR)

B: Candida rugosa W °]5 (MCR)

C: Saccharomyces cerevisiae o]l (MSC)

D: Saccharomyces cerevisiae transformant (TSC)
E: Sacchromyces cerevisiae W& (SC)

BB 27t YRFFE 10002 30 we] A5,
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Table 3. 7] 2 F7] &7 718 259 wiga 2 Fda TP

Ingredients Starter (1-3 wk) Finisher (4-5 wk)
Yellow corn (%) 59.742 64.252
Soybean meal (%) 28.26 27.833
Corn gluten meal (%) 6.261 3.00
Soybean oil (%) 2.00 1.828
Dicalcium phosphate (%) 1.762 1.218
Limestone (%) 0.936 1.126
Salt (%) 0.40 0.40
DL-methionine (50 %) (%) 0.359 0.139
L-lysine (98%) (%) 0.08 0.004
Vitamin premix’ (%) 0.10 0.10
Mineral premix® (%) 0.10 0.10
Total (%) 100.00 100.00
Calculated Composition

ME (kcal/kg) 3,100 3,100
CP (%) 21.00 19.00
Ca (%) 1.00 0.90
Total P (%) 0.719 0.619
Available P (%) 0.45 0.35
Methionine (%) 0.50 0.38
Lysine (%) 1.10 1.00

1 The experimental diets were formulated by adding 3.0% yeast (A, B, C, D, E) to the control diet at

the expense of soybean meal.

A: Candida rugosa Nz (CR)

B: Candida rugosa ¥°]5 (MCR)

C: Saccharomyces cerevisiae ¥ o]5 (MSC)

D: Saccharomyces cerevisiae transformant (TSC)
E: Sacchromyces cerevisiae Z15 (SC)

2 Provided followings per kilogram of diet: vitamin A, 5500 IU; vitamin D3, 1,100 IU; vitamin E, 11 IU;
vitamin B12, 0.0066mg; riboflavin, 4.4mg; pantothenic acid, 11mg (Ca-pantothenate: 11.96mg); choline,
190.96mg (choline chloride 220mg); menadione, 1.1lmg (menadione sodium bisulfite complex 3.33mg);
folic acid, 0.55mg; pyridoxine, 2.2mg (pyridoxine hydorchloride, 2.67mg); biotin, 0.11mg; thiamin,
2.2mg (thiamin mononitrate 2.40mg); ethoxyquin, 125mg.

3 Provided following milligram per kilogram of diet: Mn, 120; Zn, 100; Fe, 60; Cu, 10; I, 0.46 and Ca,
min: 150, max: 180

_18_
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Table 4. AF&A] 712 A R wighel] 2 S &

Ingredients Basal layer diet'
Yellow corn 68.32
Soybean meal (CP 44%) 17.83
Corn gluten meal (CP 60%) 3.60
Limestone 8.40
Tricalcium phosphate 0.93
DL-methionine 0.09
L-lysine 0.08
Salt 0.25
Vitamin premix” 0.25
Mineral premix3 0.25
Total 100
Chemical composition
ME (kcal/kg) 2,800
CP (%) 16.00
Ca (%) 3.40
Available P(%) 0.28

! The experimental diets were formulated by adding 3.0% yeast (A, B, C, D, E) to the control diet
at the expense of soybean meal.

A: Candida rugosa &5 (CR)

B: Candida rugosa ¥ o] (MCR)

C: Saccharomyces cerevisiae ¥ o|F (MSC)

D: Saccharomyces cerevisiae transformant (TSC)

E: Sacchromyces cerevisiae &5 (SC)
“Provided per kg of diet: Vit A, 5500 IU; Vit D3, 1,100 ICU; Vit E, 11 IU; Vit B12, 0.0066mg;
riboflavin, 4.4mg; pantothenic acid, 11mg; choline, 190.96mg; menadione, 1.1mg; folic acid, 0.55mg;
pyridoxine, 2.2mg; biotin, 0.11mg; thiamin, 2.2mg; ethoxyquin, 125mg.
*Provided me per kg of diet: Mn, 120; Zn, 100; Fe, 60; Cu, 60, I, 0.46.
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AFEEEe] S48, G257 = FHK (Fujihara Co. Ltd., Saitama, Japan)Z =74 31

o
= <

=247] (Egg shell force gauge Model II, Robotmatlon Co. Ltd., Chuo-ku, Tokyo Japan)
= Ao WzhA Haugh Unit, ‘/‘rﬂ*”L QCM+ System (Technical Services and

Supplies, York, England)& ©]-&3lo =43
v‘i—i{ﬂtﬁ% 2213199 3, Duncan® 4l UsdAHE A&

{0

63739 Single Comb White Leghorn 5 1842 63 ¢ 3ytE dlE o 1R S )AL
of &3ttt 6xe &= ofelel o] AA A

Al (557 90% + t5H 10%) x 085 + A &2 15% = 100%
B: (&9 90% + 549 10%) x 085 + B &% 15% = 100%

C: (S 90% + t5H 10%) x 085 + C &% 15% = 100%

D: (&5 90% + ¥4 10%) x 085 + D &2 15% = 100%

E: (&4 90% + ¥4 10%) x 085 + E &% 15% = 100%

F: (&5 90% + o549 10%) = 100%

Oy A E S AR AFMeR AAE T ddAsd digk A& 7]7hE 590 AL,
B A F 7170 39k vl o} 4 90 g o] AHAEE Folstda, Jd of e
FS SASAT Y obF] ANFHE B 65T ToAFRTINA AXAN F, 3U3e] wjdHES
gttt dda o8& A Sibbald 5 (1960) Ho%w =34

AbEA Aol A Aozl AL BAHEA S A AIEH Duncan«] A GFEHAUE ALE
ste] 5% Frell Al AE Bt o8-S A
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2.4 3

7hoSA 2™

A B, C D E5%7S ERE 7 S55 0 g7 R 3% £F 02 W7} FolA
SA ] Aol v x= &3 Table 59 298tk
Table 5914 B npel o] 1-3FH o] &= F/ol WE Fog Aol SAH, ALAA

F R AR A& (feed/gain) AUl HEHA Ut oY e A2 4557 H 1-55%d
RoIA = FAdsHA #ZE AT

Table 5. $4] &2 AFYAE A3}

= A g SEM Significance

A B C D E (P<0.05)

13 %

S A=, g/bird 677 659 679 647 697 18.0 NS
APE A A, g/bird 986 934 932 932 959 20.8 NS
Feed/gain 1.46 1.42 1.45 1.44 1.38 .003 NS
4-5 F

S A=, g/bird 772 654 699 694 712 57.6 NS
APE A A, g/bird 1566 1495 1526 1556 1622 59.5 NS
Feed/gain 2.03 2.35 2.24 2.27 2.33 164 NS

1-5 =

S A=, g/bird 1449 1313 1378 1341 1409 65.2 NS
APE A A, g/bird 2652 2429 2508 2488 2580 70.2 NS
Feed/gain 1.76 1.86 1.83 1.87 1.84 070 NS

' A: Candida rugosa ) ZF (CR)
B: Candida rugosa ¥°]5 (MCR)

C: Saccharomyces cerevisiae ¥ o]l (MSC)

D: Saccharomyces cerevisiae transformant (TSC)

E: Sacchromyces cerevisiae &5 (SC)

% Results are expressed as means (£SD) of four replicates per dietary group.
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Table 6. &8 A&A A28 2 GAd dA Ax
A 2! Signifi-
g5 SEM  cance
A B C D E (P<0.05)
ATE, % 88.33° 8533 7800 8833 8167 5816 N.S.
W g/legg 60.35 59.09 6235 6223 6198 1244  N.S.
A AL = E S 253 264 272 238 253 018  N.S.
Haugh Unit® 81.10° 84.43" 8297° 8373 7270 2475 P<0.05
gk 827 930 973 936 900 0367 N.S.
-zt 4620 4677 4530 4357 4303 1.078  N.S.
U293 % kg/em® 400 317 417 370" 360" 0.131 P<0.05
Y77, mm 036 035 036 036 035 0006  N.S.

w

oA

A: Candida rugosa W Z++ (CR)
B: Candida rugosa ¥ol5F (MCR)
C

>: Saccharomyces cerevisiae ¥ o]5 (MSC)

D: Saccharomyces cerevisiae transformant (TSC)

E: Sacchromyces cerevisiae 21 (SC)

FARHAY/F T

HU formula (Eisen %, 1962)°] ¢|&}o] 3}

AL Aol 24 100%, AR 0%e] WAEE A,

Means of three replicates per dietary group.
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oh Se gAY

57kA] 525 (A, B, C, D, E)9 &% (DM) A&7 Thr 2 Trp ©]
ANdE E3lo] Fatdd v, 1 Ay Table 79 vebd vpel 2} 3714

of oiM FE At FolAdo] AEHA FAdH

Table 7. A2 FId4 o8& (FHUAAR)

£ 5 Signifi-
3 = SEM cance
A B C D E (P<0.05)
18 E QALS, % 71.92° 75.94 69.38 72.87 72.13 2.536 N.S.
Thr o] &&, % 77.63 75.65 74.28 71.63 81.21 3.442 N.S.
Trp ©]&& 82.50 79.69 78.20 75.88 76.74 3.751 N.S.

A: Candida rugosa 1z (CR)

B: Candida rugosa ¥ °]5 (MCR)

C: Saccharomyces cerevisiae o] (MSC)

D: Saccharomyces cerevisiae transformant (TSC)
E: Sacchromyces cerevisiae W& (SC)

®Means of three replicates per yeast group.
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27 gro}m| = AF AL FZ= fuk

1. &% Saccharomyces® amino acid analogue A 34 73 #F 71

7}, 5 % amino acid analogue® A4

EA o}n :=AHS overproductiondtE WA E O] S 9slo] ojn ¢t Aol R E
F4 ¢ &Rl Saccharomyces cerevisiaes ©]&st oM, 53] & AP O R o] &y
w=4F analogueo] AAS ZHA] &&= T 50 Saccharomyces cerevisiae X2180 mating
type(n) & 2174 ot

2 Adgo] ALEE analogue® A7l 8] tryptophan analogue® €# % indole,

r =

o
£,
=

F

indoleacrylic  acid, fluorotryptophan®  threonine analogue® ¢# 3%  serine,
~hydroxynorvalineol] gt #59 AEAHES S43Ah 54 Z3, tryptophan analogue®l
A= fluorotryptophane] 52 4&E& Adfst= Aoz YEwow,  threonine analogueol
A= B-hydroxynorvalinedl Al A4 A&7} Jelygomg B 23 o] F gnalogues ©]-&
CIFA RN R A

. A" 750 3 amino acid analogue®| minimum inhibitory concentration =%

2 A &A I F screening method

ofu =Abe digk T 9] sensitivityE S74317] 93] disk diffusion testE ©]-&3FH T}
S. cerevisae TFZ 1% HE3 top agar(0.75%) platedl paper diskE overlaid3t 5, Z}7]
2 5%9 analogueE 30x0¥ loadingdte] 30TCoA w3 & WS AHAXHE 23S
t}.

Tryptophan analoguee] T3 S cerevisae® sensitivity 274 A3, 0.1mM
fluorotryptophan®] &= AFE AS AA7F #ZEHJHFig. 1). L PHoz
threonine analogue®] W3t A& A3} 25mM [-hydroxynorvaline?] & %ol
7b B2 =30 (Fig. 2)

3, B Ao analogue A @A 759 screening< wild typed] MIC sE=HU =&
FE2 2mM fluorotryptophan® 10mM [-hydroxynorvalined ©|&3t3 o™ o] FHEoA
wild type F813 A5AA 7L dEsh(Fig 3, 4)

2
ox,
Ho

N
D)
=
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Fig. 1. Minimum inhibitory concentration of fluorotryptophan against S. cerevisiae : A ; control, B
; 0.ImM, C ; 0.256mM, D ; 0.5mM

Fig 2. Minimum inhibitory concentration of i-hydroxynorvaline against S. cerevisiae : A ; control, B
; 0.1mM, C ; 0.26mM, D ; 0.5mM
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Fig. 3. Effect of 2mM fluorotryptophan for S. cerevisiae

Fig. 4. Effect of 10mM [-hydroxynor valine for S. cerevisiae
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t}. S, cerevisiaeo] ™3 UV mutagenesis analogue 34 5 screening

2k 5o AAEE Al & APNAE= UV x4}
£ ©]&3% mutation methodE ©]&3}% S. cerevisiae TFE 1x10" cel/ml®] H%
(0.D=05)7} S| =5 W% 5 254nme] skl A 200, 500]/m° .2 ZAbetATh UV
Atd R 755 2mM fluorotryptophane] EZ3% #jX o] spreading 3t A& #+FE A
Hatgdom 99 AH controlE2X UV7ZE ZAME A &< wild typed EF #5FZ H]
st

A A Zzbe] UV Ao 93] 2mM flourotryptophan©] Z3FE vl =] o A 5o 7}
53k colonyE E989 2 (Fig. 5), ©] colonies® enriched medium¢! YPD #jx <}
minimal medium$! SD pro BiA|ol Z+Z} patchste] A& S wustdth. g2 A

)
@A, oAl BE 4REEs} we #FE Adsiel thg Adel o gt
]

ol =4t analogued] AFA S 2t

EN

i
9T}
v

Bl or

Threonine analoguee] A4S zt= a8 759 NS 98] tryptophan FL3E WY
S ol &3, 10mM [-hydroxynorvalineS ©|83l¢ screening 3 th.(Fig. 6) A 323
UV mutagenesisE =3l tryptophan analogued] A3IFA S ztE= 74709 #FE2 Byt e
W threonine analogue®] Ziﬁ“qg Zy= 70709 TFE B e £ ols w7 7 oul
Ao o] Lo HluE E3t9] 64709 tryptophan analogue A&A #F5 AA3 0

W 31709 threonine analogue AL #E AAGSA
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Fig 5. Tryptophan analogue resistant mutant at 2mM fluorotryptophan Left : wild type, Right :
mutant

Fig. 6. Threonine analogue resistant mutant at 10mM [-hydroxynorvalin Left : wild type, Right :
mutant
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2}. S. cerevisiae®] ™3 amino acid analysis

+ amino acid®] HS =4387] Y3 Pico-tag methodE ©]
Aok Tl dAEY HAHoZ AYE dFE 0DV 1o HEE H)
&l

|
o] ZstAl vortexingdtel HAEEE Fdte] AT AS FH3
intracelluar amino acid %< 439tk 2479 A&+ total amino acid #4593 24
Al ZH&9F 110C, constant boiling HCIZ A 2] §& #4319 oW, tryptophane] ¥3FS 43}
7] 918 A el 3742 methanesulfonic acidE A&+ th

Tryptophan analogue A34 59 W5-35¢9 wild typee] A EW total amino acid $F
Zoll 3t tryptophan FHS A 2 A3 wild typed 0.081%° H]&] °F 27%7F =&
0.103%9] s vEtlow o #Fo] MXE wigds wild typedt Hlulg A3 wild type
9] 043% HTF 72%7F =2 0.74%9 tryptophan $HS 7 Aoz yEpytth Lk
threonine analogue A4l 2 TC5-17FE v 2§ 3d A3 A X threonine kol
A& wild typeel W&l oF 12.7%9] F7HE Ko Zpol7t A A koot Al wfekdol 9lo]
A wild type? threonine &% 6.07% Xt} °F 66%7F =& 10.08%<] threonine %<2 7}
Ao 2 e (Table 8)

Table 8. Ration of Trp and Thr content against total amino acid contents of wild type and mutant

Intracellular Extracellular
Strains
Trp (%) Thr (%) Trp (%) Thr (%)
Wild type 100 100 100 100
Trp mutant(W5-35) 127 - 172 -
Thr mutant(TC5-1) - 112 - 166
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vl Tryptophan analogue°] ™3+ TC5-1¢] MIC (minimal inhibitory concentration) test
= %3] #A analogue concentration A7 % screening

143 = A& A3 Trp, Thr over—production mutant® AAF W5-35¢ TC5-1%
amino acid ¥ &°] ¥ TC5-18 53 AIdA 5 7/ o] &s712

179 %= AdA3 wild typed] 4$ fluorotryptophane 2 mM2] F%9|A] screening<
Aot 23 dxolE AAHE FF7F mutantd] FAE MIC testE thr] A A
Fo AF AANE =A37] Y& disk diffusion testE o€t AH #F5 1% F
=3 top agar (0.75%) plated] paper diskZ overlaid3t &, z}7] t2 ¥ %9 analogueE
30 1A loadingdle] 32 CollA i3t & S AXhES B2

Tryptophan analogue®] W3 9] sensitivity &4 23, 0.1 mM fluorotryptophan]

= Co| RE S AXH7F BFHEAG(Fig. 7). kA B Ao A tryptophan analogue

=
iy
=

o

A5+ %LTJ screening< MIC F=HU %2 F%2 25 mM fluorotryptophan< ©] &3}
nomn o FroA HA #F= FERE AFAAAN YELS T (Fig. 8).
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Fig 7. Effect of 2 mM fluorotryptophan on the growth of TC5-1 mutant

Fig. 8 Minimum inhibitory concentration of fluorotryptophan against TC5-1 (A ; control, B ; 0.1
mM, C ; 0.15 mM, D ; 0.2mM)
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v}, Tryptophan analoguecl] ™3k TC5-1¢] Ethylmethane-sulfonate(EMS) mutagenesis

Mutagenesis ®'H ol ultraviolet(UV) light$} chemical(ethylmethane*Sulfomate(EMS),
nitorsoguanidine) mutagenesis #Ho] 9t} 12 dXolA = UV mutagenesis HHE o] &
3Fo] mutantE A A th. UV mutagenesis WH ol #A7H 2 chemical mutagen®.t} AFE317] 7H
Hata Yafeart Aves Aoy ©e F3 9 mutationo] dold & ke Holth 1xhd
=A% Az HAAY TC5-12 7FA32 UV mutagenesisZ ¥ mutantE 92 & (o 2
o= o] WHE A183lo] mutation A HE HAF 2 AFolA ¢33l mutationo] 9= v
£ mutantion®] %1011% anlogue plateol 4] colony7} A Ex] && Ao|t}, o] 22 ko

chmical mutagen¢! Ethylmethane-sulfonate(EMS) mutagenesis 8-S 2 A8l o).
1) TC5-1¢] EMS mutagenesis % analogue A &4 3 screening

TC 5-1 #5E ODsw = 08~1.0 A% H=% wjdatar 3000 rpmel A 15 min
g 3 F Haw 33 E=FSE 3H washingdtth. % washinge] €44 33 =
resuspending&te] EMS 5% = 15%37F ¥F$-A]17]22 10% sodium thiosulfateE % =
AAsEATE Wgol AxHE HAIFE AT AFdS #Ya A FHTFE 2W
washing3}12 A} ¥ mutantZ 2.5 mM fluorotryptophan analogue Bj*]°l| spreading3} %3t

EMS AHd#d #FE= 25 mM fluorotryptophan©] E3FE SD-proline B Aol spreading
3}o] analogue A A w5 A-EEAT. B A control2A EMS A #7F FHA &
5 vl AASAT. AnalogueZt EFHE wiA| oA A Fo] 7Hs e colonyE 28RS
H(Fig. 9), 2% 87019 colonies2 enriched medium?! YPD ®{#] ¢} minimal medium?¢!
SD-proline ¥jAloll Z}7} patchdto] AFEwE Hlwsdth A& vla 23, 7 ujA|
oA EF ALV mME FFE AYsle] amino acid analysisE E3F9] over-producing

52 At

\ )
o
>,
M

Y2 g
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Fig 9. Tryptophan analogue resistant mutant at 2.5 mM fluorotryptophan Left : wild type, Right :

mutant

A}l Tryptophan analogueo] w3 TC5-12] EMS mutagenesis analogue A &A 5

screening® mutant®] tryptophan, threonine 3% =74
1) AA%E ¥F2 amino aicd analysis 3 =%

AE 8¢ E3F A #FE5FYH A E = amino acide] 7S Pico-tag detection
methodS ©]&3te] HPLCZ A3ttt &gk 207) ofv| =4S o] 83l standardE Wb
E°] Thr, Trp9 retention timeS A3ttt (Fig. 10). Analogue plated A 134 o=
screening ¥ 8719 mutantE5<S HPLCE oAl 248 E3) thA] 222 & screening
Haom Trp, Thre & 24 Ayt= Table 99 #t}h 8709 EMS mutant & wild type
of Hl&| Trp, Thre 3$haFo] 5 =2 TC6-1, TC6-3, TC6-5= 37012 HF candidates®
AR Aol AAAHS Yol 33 vrE A5 Fig. 112 wild typed intracellular
amino acid®] #3% Aol Fig. 12+ 3719 mutant & 7FF Trp, Thre TFo] =2
TC6-19] &% Azolr},
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Table 9. The amount of Trp, Thr of produced by the wild type and mutants.
(unit : pg/DCWng)

cell 10 peak™ 4

Cell
Threonine Tryptophan
s.7964 45672 75982
TC 6-1 188168 132968
TC 6-2 38390 29888
TC 6-3 79810 206990
TC 6-4 45936 100382
TC 6-5 125870 110194
TC 6-6 54796 176534
TC 6-7 97532 154068
TC 6-8 45340 101222
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Fig 10. HPLC chromatogram of 20 amino acids using Pico-tag column

"M,Ji\ LM“J_LJ | -

i 2t m n & ag

Fig 11. HPLC chromatogram of the wild type
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Fig 12. HPLC chromatogram of TC 6-1 selected
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2) AAE #F2 amino acid 4]

AR d55 0D7F 1o =5 wjdet & AR E &3 pellet?st FsHS F3
A ¥ pellet2 lysis bufferel resuspend 3+ 5 T %< glass bead® %] bead

beater® lysis d}¢] intracellular amino acid %S A3t 2422l A& & total amino
acid 42 ¢ 24A3Fs<F 110CeA 6N HCIZ hydrolysis 3te] #4315 0,
tryptophan®] &S E243517] 913 A A2 FAH S ZE methanesulfonic acidE AFE-3FS T}
2l A #3224 NEE mutant® wild typed intracellular 2 yeast culture total
amino acidell t)gt Trp, Thre] &3 4] Z= Table 107 2th

Mutagenesisol] 23] selected mutant cell intracellular accumulation®] = o]F o] %
£S5 4+ Aoy AxFH o F Thro] TrpREt T3 A O E overproduce S & = AA
t}. I Ao A= threonine, tryptophan 5 Z 4 o} =2+ overproducingdte & 7
el 54 ofu|ieqbS @Wol 3, e AbskE JNEE dFEFYH ol ofnxAbs F
SobAl @ AR Ax - 7kEste] wA AAE AR o] &starzt st Alolvt. whEbA
M e ofn Ak ALk 1x]= Aol oy il tisFAIAbE ofm| =4kl protein
Aol #Feste]l dAZAS] Trp, Thré] FHFe] =obxjop stk AA7tA] HFAEFAE o

F= Ay 7HA oH g o g s AE Ao I & ATl Ao R A=Eo] sp
H TC6-1& tryptophan® threonine®] intracellulerol A 458 A% oA AlE 9o
harvested cell AtA] 2+ threonine2 TC5-19] H] & 20% overproduction 3}l tryptophan
2 wWe ZolE Holx Lg=d I o|F+= yeast’} bacteria’} ofd A FEo]r] wE<Qd
Ao g o AXIT

Table 10. The amount of Trp, Thr produced by the wild type and TC 6-1.
(unit : pg/DCWmng)

Intracellular accumulation in the cell Harvested cell
Tryptophan Threonine Tryptophan Threonine
Wild type 0.07 0.12 2.13 13.47
TC 6-1 0.13 0.58 2.13 15.88
Ratio of
Mutant/Wild 1.94 4.69 1 1.17
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2. Candida 2+& 5| 3t analogue A4 FF/0L

7}, C. rugosa®] ™ 3F amino acid analogue® minimum inhibitory concentration <%

2 #3A TF screening method

TF S AANE 24387 sl S cerevisae S AAY =AW HY} A3 5
ol disk diffusion test® o]ttt AAR #F=Z 3x10%el/ml FE=Z HE3 top
agar(0.7%) plateo] paper diskE overlaiddt ¥, Z}7] ©t& F %9 analogueE 30 ¥

loading3lte] 25 TolA w]g3 T AS AAYE %éﬁbﬂjr.
Tryptophan analogued] ™3 39| sensitivity =4 A3, 0.1 mM fluorotryptophan<]
sol e A AXF B JoH(Fig. 13). whgkA 2 A3 o)A tryptophan analogue
A A FF9 screeningS MIC 25t} 52 F%2 2mM fluorotryptophans ©] &3+

£

Fig. 13 Minimum inhibitory concentration of fluorotryptophan against C.rugosa
(A ; control, B ; 0.015mM, C ; 0.025mM, D ; 0.06mM, E ; 0.lmM F; 0.2 mM, G;
0.25mM, H; 0.5mM, I, 5mM)
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. C rugosa®l W3+ Ethylmethane-sulfonate(EMS) mutagenesis 2 analogue #3+4

T screening

ol .4t analogueol IS Ze an FFo AAS S B A= EMS
mutagenesisE ©] 43 mutation methodZ ©] &34ttt C rugosa 52 1x10° cell/ml<]
F5(0-D=057F HEE 8]dd F 3,000rpmoA] 10min7t 9AED 3 & HHH 33 F
% washingdtitl. #% washinge] U™ dE#d 32 =H4E resuspending,dt o]
EMS 3, 4, 5%=% 10, 20, 30, 40mins <t W3 AlZ1 F 10% sodium thiosulfateE ¥ o] W&
< AAsEATE wkgo] AAHE APTE dAEY st AFAE vy 3A FHTE 2W
washing3t A E mutantE 2 mM fluorotryptophan analogue ¥ #]l| spreadingstitt. 23
A3 EMS 4%, ¥FeAIZE 10mine. 2 EMS mutagenesis Z7-& sttt o] ZpolA
crugosaE EMS A @ 3le] SD-proline ¥l Aol spreading 3}¢] analogue A 3A #FZ AW
stttk A3 control2H EMS He]7F HA & #FE5 v 2359

SD-proline HiA el A A& mutants 50709 colonyE EHstg o, E8E 50719
colonies< enriched medium? YPD #8}#]¢} minimal medium¢! SD-proline ®jXx]el] z}z}t
patchsto] &5 Hlustdoh A4EE0 vw A F iAo B5F S wE7h

2 #5FE A¥3o] amino acid analysisE %319 over-producing %5 -4t}

ey
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t}. C rugosa®] Wt A A 7 screeningol A AAHFE T amino acid analysis

A" 50709 B3 AP FFE5FEH AAEE amino acidel ¥#HS  Pico-tag
detection methods °]&3ste] HPLCZ A3ttt &3 2070 ofv|x=4ks o] 83}
standard® W59¢] Thr, Trp2l retention times Z7438FAth o}n| =2t standard= Fig 10.3
2t} Analogue plateol Al 1248 22 screening ¥ 50709 mutantE3 HPLCZ o}v| Ak
BEAS E3] thA] 224 & screening H R o™ Trp, Threl 3= #4 ZAxt= Table 109}
2k 507019 EMS mutant & wild typeel ¥]a]l Trp, Thre 3F&Fo] R%F =& (C3, C4,
Cll, C125 candidates® A Asle] W& Agst Ay EMS mutantE°] Trp, Threl 3
4 Ay Table 119 Zom 1 A C32 wild typeol ®]3] Thr, Trp2 Z+ZF 43.42%,
80.41% = YElto™ C4= 11.97%, 39.17% = EMY C4o vl C3 mutant”’} Threonine¥}t
Tryptophandt®o] =4 ¢ o]2 HZE candidates® A A3 Al Fig. 14& wild type?
amino acid®] 3% ZAzfol C3, C4, Cll, C12¢9] #8234+ 7242+ Fig. 15, 16, 17, 189 1
EFU AT} o] % Fig. 152 4719 mutant & 7H& Trp, Thre] o] &S C39 &8 27
24 747F 80.41%, 43.42%°9] S7HE Bt
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Table 10. The amount of Trp, Thr of produced by the wild type and mutants.

Strains pealcd Strains peakd 4
Threonine  Tryptophan Threonine Tryptophan

Control 226606 512638 C26 X X
C1 320025 418724 cz7 X 33421
C2 511771 373304 C28 619450 130037
C3 3163350 1144510 C29 426525 81565
C4 4523223 1425474 C30 594674 171560
C5 490703 375968 C31 271245 47981
C6 939471 460917 C32 471964 b
C7 777297 414671 C33 X 93999
C9 815220 514335 C34 X 67818
C10 554420 437917 C35 345331 X
Cl1 4779328 1149805 C36 414664 X
Cl2 5681836 1520470 C37 535023 X
C13 X X C38 557141 99244
Cl4 109465 137956 C39 525272 109492
C15 X X C40 586885 X
C16 187186 b'e C41 325454 X
C17 64974 X C42 369252 74911
C18 120708 X C43 368066 X
C19 X X C44 388729 81768
C20 99631 X C45 222000 128396
C21 X X C46 321828 55432
Ccz22 b X C47 488715 105479
C23 X X C48 271744 X
C24 X X C49 X X
C25 X X C50 249608 94628
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Table 11. The amount of Trp, Thr of produced by the wild type and mutants.

peak™ &
Strains Trp (%) Thr (%)
Threonine Tryptophan
Wild type 4372296 1486305 100 100
C3 7887917 2131689 180.41 143.42
C4 6085133 1753358 139.17 117.97
Cl11 6245034 1551442 142.83 104.38
Cl12 4051969 1649043 92.67 110.95
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1]

Fig 14. HPLC chromatogram of the wild type

1)

=]

=

Fig 15. HPLC chromatogram of the C3
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Fig 16. HPLC chromatogram of the C4
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Fig 17. HPLC chromatogram of the C11
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Fig 18. HPLC chromatogram of the C12
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2) AAHE #F9 amino acid £4

AAwE #F C39 total amino acid 45 &, ¥+ control® 7 O.D7F 19] H =
= gt & AR E F3 pellet?} FeAS st E2lE pellet lysis bufferel
resuspend ¢+ & F 9] glass beadE ¥ ¢] bead beaterZ lysis 3} amino acid 3423 =

dotdth. Z4zbe] AlR+= total amino acid #4198 24A17HE<E 110Tel A 6N HClI=
hydrolysis 3ste] #2483l em™, tryptophan®] &S EAst7] 9 Ay AHo=me=
methanesulfonic acid& AF&38A T 53 AP #7224 JIEE mutant?t wild type2
yeast culture total amino acidol| t 3t Trp, Threl & 4 Z3+= Table 123 2t}

B AFoA JEE C3+ intracellulerol A+ Tryptophan®} Threonine©] Wild type®l
vis] Zz 14w, 28] AX= =A AAAEHA S harvested celll = Tryptophano] 1.69),
Threonine®] 28] A% #=7 overproduction® Z o= eyttt welbA Mutagenesisol] 2] 3|
Thro] TrpEt} &3 0 & overproduce S ¢ 4 ATk

2 AF A= threonine, tryptophan & ZE4 o} =4S overproducingst= TFE 7
wsto] 54 opn| weAbs Wol $H, e AAtetes JiEE HFEFY olE ofxAbE F

il AR HAx - sbyste] fA AAE Al o]&staat sk Zlolth. uhehA
T obr=Ake] A Ltel 1A= o] obyal AL ofm=Ake] protein
Aol #ste] T AAA S Trp, Threl ko] Eolxjol g}

Table 12. The amount of Trp, Thr produced by the wild type and C3

(unit : pg/cell culture ml)

Intracellular accumulation in the cell Harvested cell
Tryptophan Threonine Tryptophan Threonine
Wild type 7.28x10 9.45x10 1.51x10"! 2.42x10"
C3 9.9x10* 19.99x10°° 2.35x10" 4.85%10"
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3. Plasmid& o] &

7b. 75 % Vector o AA

54 ofn:=2FS overproductiondti= FIAEZ o]m] <kAAdo] FrHE dix Al ZEQ
Saccharomyces cerevisaes ©]-&3tATH AP A kel AR A&7 9] AgHom
A= xE3)ete] #Fe AFLoR YC5007F (trp, leu, ura, his)E o] &3t}
FAA 224S 9% plasmid BAMFFEE g DHoaS o]ﬁ_—“]_Oﬂr/].

B oA AT 2Q5E 7|7kS Fo|7] 9sle] AYA 0T FHAA} vectorE A%
st AETE 7Sl e A er FuiE + de= 4% o &ttt wEkA ARE
¥ vector= Stratagene® pESC vectorE ©]| &3} t}. ©] vector= &5 S. cerevisiael A
el o] o] &= vectorgl EaAlCA o] &st7] A e Aom ALFHO o]F o] &
EIs

. aopu| =4 A plasmide] Al X%

Tryptophan®} threonine®] 10¥HE sequenceE %= 36-44 bp DNAZE Genotechol 34
S =5t AlxzstATt o9 sequence™ theTF T}

A: GATC ATG TGG TGG TGG TGG TGG TGG TGG TGG TGG TGG TAA
GGCC

B: TTA CCA CCA CCA CCA CCA CCA CCA CCA CCA CCA CAT

C: GATC ATG ACT ACT ACT ACT ACT ACT ACT ACT ACT ACT TAA
GGCC

D: TTA AGT AGT AGT AGT AGT AGT AGT AGT AGT AGT CAT

E: GATCC ATG TGG TGG TGG TGG TGG TGG TGG TGG TGG TGG TAA G

F: GATCC TTA CCA CCA CCA CCA CCA CCA CCA CCA CCA CCA CAT G

A E DNAZE A¢ B, C¢ D, E®F FE 111E 419] annealingE A =3 o ol 5L
|83 insertion®] A ¢ Z O R Ho} annealing ©] UuWFH<l 2| o] Foxx] ¢k
Ao g FoHAY. wEtA hEFEE2] annealingS ©]F = tag polymerase buffero]l 4 9
o A annealings ¢ A3} o] 59| sizeZt ZtobA vl 34871 7F sk eih wheba FH
F 29l annealing 72 TE bufferol A 95T A 333t}

offloll YEIN 1H A anealing ¥ insert sequenceZ BamHIZ} Apal enzymesS ©]-&
&l ligation Al Z T}

FFO

O‘l
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Insert Sequence

OESCAEL [ Pacle Sacio Stope Bl FLAG] Spel ¢ Marl » T3 BamH | #T7eApa IoSrfloSal | [c-mye | Xhol* Stop ¢ Hind I Ael | pESC-LEU
“"l-.._‘_‘___‘_‘_ _r._._._,_,..-r"""

Fig 19. BamHI¥} Apal enzymesE ©]-& 3% insert sequence?] ligation
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t} %4 peptided &4

Bd peptide= Tricine gels ©]83te 43 th Tryptophan®} Threonine?] 10¥HE-
sequence® 2zt 36-44 bpel ©A DNAZE Vector pESC-LEU® insertionA]Z! plasmid&
S. cerevisiae®l| transformation?] 7l % cell& wWigatAth W FE celle lysisAlzl A& 1/10
= dilution*] # Tricine gel°ll loadingdl®] size markerE ©]& poly-tryptophan MW (2111)
9} poly-threonine MW (1160) °|4 bandE2] &AE AsAtt. Z+Z9] marker size9}
bandE < w59 ¥l YER ST

Tha 11880
1060 :
- e o
Plaxmid ™ The Trp The Trp Thr Trp Thr
Medium-Aming acid T Thr Trp The
Fedium-Larbicn Gl B Gy i Gl Gl il Gl

Fig 20. poly-tryptophan MW (2111)9} poly-threonine MW (1160) A Z+Z}2] marker size®} band
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2}. Peptide ¥& A A%+ Amino acide] #4

B

U3 ¥ peptideo] ¢]&te] =¥ Tryptophan, Threonine %S HA137] sle] AlZ U
Z ofvAbe] AES BAEATH AR 20WE FEe PICO-tag WHE o ]
hydrolysis @ PITC labelingS A A3}l PITC labeling ¥ A& 400 pl FolA 10uS 3
3Fo] HPLCO loading &}e] chromatogram2 €1t} Chromatogram oA YEE peak2]
3+ original sample®] 0.5x09l 8 =3} T}.

AF8% HPLC systeme Waters 510 modelS ©]83}9 1 detection system< Waters 996
photodiode array detectorE ©]-& 25dmeolAd SAsG Y. AMEE  columne Waters
Pico-tag column (3.9x300mm, 4m)= °]$lth. HPLC gradient 272 o329 ¢ 2o}

o
ol
o

Table 13. HPLC gradient &7

Time Flow %A %B

Initial 1.0 100 0
9.0 1.0 36 14
9.2 1.0 30 20
175 1.0 54 46
17.7 1.0 0 100
18.2 1.0 0 100
20.0 1.0 0 100
20.7 1.0 0 100
21.0 1.0 100 0
24.0 1.0 100 0
25.0 1.0 100 0

* %A 140 mM sodium acetate (6% acetonitrile)
%B: 60% acetonitrile
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Algel AAEE Yste] Tryptophane hydrolysisH < ©]-83% 1L, Threonine<
general amino acid analysis'S ©]&3ste] FAlstA T of#le] #el YERd whel Fo
Threonine®] 7§ Carbon source’} glucose¥d ™ (promotore] activation $1-) Threonine
o] AA o]l yeast A MEA 27% o)A o galactoseE F7FsFe]  promotorE
activation A7 S W= Threonine2] A &o] 46%5 71=38Fo] t=F 70%9 S714ES B
SO}, Tryptophan® 7% Carbon source® zolef] w2 AP F71E Holx| &t} o=
Tryptophan®] 7% A& 7} tryptophan auxotroph©]”] W&o 2 Alg ),
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Table 14. Carbon sourceo] W& Yeast®] Amino acid®] 3F%(%)

Insert in Plasmid Trp Thr Trp Thr
Medium®ll #7}¥ Amino acid Trp Thr Trp Thr
Mediume®ll %7} carbon Glucose Glucose Galactose | Galactose
% Amino Acid/Yeast
Cys 0.2 0.2 0.2 0.2
Asp 2.8 2.7 3.5 3.5
Glu 5.2 5.8 7.0 6.7
Ser 1.3 1.1 1.6 15
Gly 15 14 19 1.9
His 0.8 0.7 1.1 1.0
Arg 2.6 2.8 2.3 2.2
Thr 2.9 2.7 3.7 4.6
Ala 2.4 19 2.7 2.3
Pro 2.2 19 2.6 2.3
Tyr 0.8 0.6 0.9 0.8
Val 1.7 14 2.0 1.8
Met 0.6 0.6 0.7 0.6
Cys2 0.0 0.0 0.0 0.0
lle 14 1.1 1.8 15
Leu 1.8 14 2.2 1.9
Phe 1.2 0.8 1.3 1.1
Trp 0.1 0.0 0.1 0.0
Lys 14 1.0 1.6 15
G 30.9 28.1 374 35.3
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vl copy number ¢} insert® sizeol W& Amino acid ¢ A4t

Insert concatamerE A 23817] $35le] th-2] DNAE A3k

@ Thr : 5'-Phosphate-ACT ACC ACA ACG-3'

@ Thr anticodon : 5'-Phosphate-GGT AGT CGT TGT-3'

@ cStart codon : 5'-Phosphate-GGT AGT CAT GGA TCC-3'
@ cStop codon : 5'-GTC GAC TTA CGT TGT-3"

® BamH 1 sequence : 5'-GGA TCC-3'

o] & 13 2Z o] & ligationdle] BT} 2 sizeE #1235t} o= PCRE SZA|AH Ad
o] o]&3 A} ol% plasmidZFE A %+ peptide 7} E. coli @ S. cerevisiaeo| A =4
S Hols Aog ARHY o]ES o83 E. coli ¥ S. cerevisiae transformant® +&
NS W oolyet oA A A plasmidE 7FF transformante] A deo] wl¢ =ex 7] o &
oty Al 7F8E& olE peptide’t wA=ol A4S ZEAY = threonine Hi=

tryptophan®] Al&-o] Z7] wfjZo] AEY] o]E ofn| kel pool ©] ZrolA Aol FzojA] A
L ofef] zpEbA] Kk Ao R ALEE

webA Ao A = plasmidE ©] 8¢ aLopr| gt ALk thE AP 7Sl 9
ol A A2t transformantE o] -&3le] A3t
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Saccharomyces uvarum 32 Saccharomyces carlsbergensis® 57} W53 g o] AR5
v, g AR = wsleA w XA A58 Candida utilis7t REUF @ol o] &5 &=
4ol 2l

EEIE AT R FolA obrmibe wMAe] FHYRS o FL it BF Y
ol o, QRS B4 Telw oA 54 o FYSA Xt kel AdHow 9
o ol g5 I F2 ooFE, ¥ L ARHAANZA ASHT ek obvlmite] AH 74
E AEe) ZWolA 40%, G FHA FWAN 50%, o FE - HAE, 33 AgH Zwol
10%9] o] £t}

obv x4t FOAE threonine (Fig. 10-a)& W&, A%, AFHA, AXEFA, 748
24, FFEH ol FLW GTL s Biohvlwire] sbEAl, FAA, BEe] AR

7HAl, A A (o], Azthreonam)e] 952 o] &5l Qo FFo] Lo ¥ nxa Jdes A
golrt. o]l threonine® AATEES Eol7] #g oAg 7hA WRiel #3 A7 AP 2
Atk (A7 AF 1993, Kim, Cheon-Gyu. 1994, Lubert stryer. 1999). %3} tryptophan (Fig.
10-b)= FHolH, °kzte] &uts zhe gl ZHRA ol il Fo shitolH
threonine®} v 7FA = o] ekE W AR HIIA R S%7F vl Yed Wkale] mrlolr] i
of AAA EYHESR AAFAHol QEHi Yt (Chung, Nam-Hynn. 1986, Lee,
In-Young. 1992).

2 ATE 7hEY AIRHTHAIE AMEEHE 9AE oinxilE FolA Fash i<

threonine¥} tryptophan 3$F-f#< S7FA2

N RS /st gA X diid =z e oA 9
AEEEE JNEey] Hgel, dMxE gduAd oz g8 75 Fol|A Saccharomyces
cerevisiae YPH500, Trp, Thr Al #F& o] &3l AFIHH 9 HHsE T3] 944 Ha7)

=
el HAe dA A ES ARF BExAS AAetal HFHoR HAE ERAF

ofFliab gHbe A wlagl.
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Table 15. Major industrial yeasts and their usage

Yeast Species

Products / Applications

Saccharomyces cerevisiae

Bread-type products, beer brewing, wine making, distilled
beverages, ethanol, cider, food yeast, feed
yeast, yeast—derived products (autolysates, hydrolysates,

protein, biochemicals), invertase

Saccharomyces uvarum

(syn. S. carlsbergensis)

Beer brewing

Saccharomyces sake

Sake brewing

Saccharomyces bayanus

Sparkling wines

Saccharomyces lactis

Lactase

Kluyveromyces fragilis

(syn. S. fragilis)

Food yeast, feed yeast, ethanol

Candida utilis

Food yeast, nucleic acids, feed yeast

Candida tropicalis

Food yeast, feed yeast

Candida pseudotropicalis

Food yeast, feed yeast

Candida lipolytica

Feed yeast
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(a) (b)

Fig. 21. Threonine (a) and Tryptophan structure (b)

1. S. cerevisiae® theronine¥ typtophan analogue #3¥4 ¥, TC5-13 TC6-19 A=
A AT

J[m

M2 A 9ol wAEe] FEFHAAH wAES] AGFus IRk oR {FE7] (Lag
phase), W<=7] (Exponential phase), B47| (Stationary phase), AF'87] (Death phase)? 4
GAR oY el A SAI]D A A 7] (lag phase) AXE7F AJEE A 4G5t
Z1Zrolth, ®Hog A A 7)o MEE A7|7F wig Fa 29 ofF A AeRA] @i 9tk tig]
(exponential phase)™= WH2 ME7F A5 A7|o] o231 F4ES JASHA E Aoz
B A AET o] = F oA JRAIEY] FA QL FA o] AR E oA o] wAA A 12 A}
2FEQl Thr, Trpe] AAHE Ho= ﬂ%%r/} Fig. 13914 & 4 9l%o] wild typeS!
S7964+= 36 hr, mutant TC 5-12 42 hr, 53 A3 T2 TC6-1L Sdhr Trol| A =] 7]
=2y Uvel EMSl 9l&) cello] mutationE]‘?i’ﬂ A "= 717F AojR=d o= QLS
A celle] Wl Thr, Trp2 accumulation® 4 & 7|3te] ¢ ZojH 7] Wil oz
Al 3™ wild typeel W& TC 6-12 458] =& intracellular accumulation®] ©]F o] % &<

PN
& % gk
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Fig. 22. Growth curve of the wild type strain and the mutants

_60_



2. S. cerevisiae 9 plasmidE ©]&3t transformantse] vl &+

7}, S. cerevisiae Al 9 FHH =4

awe Fee Fwol wet tEn 2o mwddehe wekzilel} Alv), Axel o,

Az o] g Sl wep BEA YERdTh

S. cerevisiae A ] A F-ole= Auk Alwte] Hlste] A7 A F S & U A
ChFig. 11). 283l 9 adelx Yo} dxe] Al o5 EF oFh Adgeds & & drh
o|Z HolA o] AN fFv= BT WFgrRe waw AFan T fAe BES zta 9l
o 283 Fig. 11 oA %= & 4 gl%o] 5old 72 YPH500, Thr 52} Trpel =lo]4d-&
Z24Y Aot} Trpa UWA F FF9s g2 F& Mo F2UE Ha o) £33 o]
2 AT Asw Axe xue A2 =577F A7|aL, olzle] Ha AR FAl] ol
E2 Uy SyE AEXE HE Fohge S8 MAS stk o] ARz Hol 9 A 7 e

s
S. cerevisiae %3}

(a) YPH500 (b) Trp (c) Thr

Fig. 23. Simple staining of S. cerevisiae YC500, Trp (typtophan plasmid & transpormant) , Thr

(threonine plasmid 3 transpormant)
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T3 9t} Table 16 A= =
YPG®] ztolE= A9l m ekd
th o] ofutE Al & A
jor element, minor element®] 3 %] o]
ZA ol Apolrto]

A
A= A

Aol

O 2 UERT

o 24E

90f

oo YL

Table 16. Yeast growth according to medium kinds

1Al yeast Mol HFd HAuAE Ay 95l

ZHA AL A FE

Hj kst on 1 Ay Table 49 Ko

E\:HE 6110

B =1 e R |

B
=
ZAd

Adl,

5ol AAEAE YPD, YPG, YP 59 <ol# YPDS$}
AWk2 0 2 YPD brotholl 4 Aol £& AL
9 YPDY YPG 4
A7 wEd
&l Aol 7t ¢
gk Z4zbe] wiA o)A Thr <] Aol E}%
HAMAZ HeE YPD wiA| =

cell growth =
Medium
YPH500 Trp Thr
YSMM 1.5569 1.5614 1.7510
YPG 3.1177 3.1941 3.2735
YM 2.3907 2.4137 2.7446
YP 2.7558 2.7268 3.0125
YPD 3.2265 3.1941 3.3120

*1 0D at 600nm of cultured

broth

Culture condition: 48h, 30°C, 200rpm
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Fig. 24 Time course of cell growth of three yeast strains Culture
condition: 48h, 30C, 200rpm, pH 6.0 (Leu—: Trp)
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Fig. 25. Time course of dery cell weight of three yeast strains
Culture condition: 48h, 30C, 200rpm, pH 6.0 (Leu—: Trp)
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3) ## 29} pHe %7

riet

YPD A& Alg3le] Al #FFZ shaking incubator W& ZgtAAoA wjdsHA =2
Ao 2 JgS F= ex W pHo| AT FAS AT} Fig. 269 27 o ekl

Fig. 26 oA YPH500%} Trpe H|Zzeh do= A4S vepdllth 30CoAA 7MY =&
AZES H Aog Hol o5 #FE IWHAQd yeaste] A= 30TAA 7HE F2
s el T4 MAEdSs & 5 Adnk vk 20, 0T = v523 AAA=E
HPom 20CelA= YPHS000] Bl & AFS HYou HH%Q 0CTE 7IF2= 1

EASAT. BAR OT AyAAE 01 A%2 A 439 G ez »
2 93] datzde] AR RAAY xS AL WEel el FAs

Fig. 27914 & o3 pHe 93-S veba gled pH 30004 2% 7b3 vre 43S
wogom A #F BT ke Aoli= AR pH 6.091A4 7Hg £ S BT FHA
pHY! 609143 ol de] AgdAvst vpasb2 Thr 57 b2 T &5 Hoh Ago] £
A& B F7F AUk o] AR Hop yeast W] A A pHE 60~7.09S & F
Qi oI FAAOlA HAe WAL HAS & F Yk = Al FFEZ 30T A}

60 o4l o7 WFe A HW A ol HAA & L 7 9
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Fig. 26. Effect of temperature on yeast strains Culture condition:
48h, 200rpm, pH 6.0 (Leu—: Trp)
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Fig. 27. Effect of various pH on yeast strains Culture condition:
48h, 30C, 200rpm (Leu—: Trp)
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Fig. 28. Effect of various aeration on three yeast strains Culture
condition: 48h, 30C, 200rpm, pH 6.0 (Leu—: Trp)
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Table 17¢] Rolx= #UTe] FAE AL 4 YTk 1
o] F3yo] dd TrlolE= 0.083%, 28] YPH50001 = 0.034%
Z3Ho] g 4 7} Y glucosed ™I FHAHLS T,
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o AR AdEe AL ohyt 99 @x HrhPd S BEAA vA g
Foz vEi= Zol7] uiTolt)

o
I} Throll A+ glucose

0.039%¢°ll & Jsh= 2
of gt Ao

— e

_68_



Fig. 29. Carbon source assay using TLC for three yeast starins S: standard, initial(Y: YPH500, L:
Trp, Th: Thr), 12h(Y2, L2, Th2), S: standard
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Fig. 30. Standard curve of glucose sample for DNS

Table 17. DNS value according to culture time of three yeast strains

Yeast stains Absorbance(600nm) AF F2(%)
Thr 1.5626 0.039
Trp 2.6683 0.083
YPH500 1.4575 0.034
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Ao HPEANA A FF F HY S AFE AW The #FE AT olF HPE
2 gPsa. B APAAE TG DLW HA waUn 460 ARAHA 9
drew AT WMl AF AgAs @ado dade 8 @estel shaking

incubatorol A TFE kst
Table 18, 1901]7\1 K= dhe}l Zo] Thr L—f—% glucose 0194
A F AT T FAAE AF R F&
‘jreﬂ] st S RERSAT
Lol W& Thr #59 *M}% A
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Table 18. Effect of carbon sources on the growth of S. cerevisiae Thr

Carbon sources Cell growth *
Glucose 3.2613
Fructose 3.2988
Sucrose 3.3120
Maltose 2.6160
Mannitol 2.6079

Starch(potato) 2.6807

Starch(soluble) 2.6502
Dextrin 2.6473
control 2.5946

* 1 OD at 600nm of cultured broth
Carbon compounds: 1% concentration
Culture condition: 48h, 30°C, 200rpm, pH 6.0
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Table 19. Effect of concentration of carbon sources on the growth of S. cerevisiae Thr

Cell growth according to carbon concentration *
Carbon sources
3% 5% 7%
Glucose 3.4021 3.4367 3.4216
Fructose 3.4952 3.4370 3.4952
Sucrose 3.5624 3.5166 3.5612

*(OD at 600nm of cultured broth
Culture condition: 48h, 30°C, 200rpm, pH 6.0

A w2 G Table 209 214 HolFa Qle=d F7dAd3 f71d4aYS
Abgatel AES et

T AL A= (NHy)SO042F NHACl 28] 3L 7] F 2o A= yeast extractoll A A%+
o] F9kil NaNOs, Ureadl| A& control Bth W& A4S wgon 19 AihdoAEs )
& Aol HolA kT Table 2004 %ol & 37H4] HA9S 7HAL $2EE HA
AEE sttt 1 A3 gdado Ao mV AR U =e5E 1 Ao FopA= A
S B 7} Atk Table 21 Al % B 4 Q%o £3] yeast extractol]l A Foll 84 =&
AFSE HYEd ol= yeast extractol= amino acids, peptides, -84 vitamins,

carbohydrates, minerals®] $F&Fo] &H7] wj&F<l Aoz Bt}
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7) S. cerevisiae Thr9 vitamin® #5599 & +4

A7l M= Sady FAY Qox Thr #F9 Add TS F+= vz g5
LTS dotry] flste] Sholl M= pekgltel Table 33 o] oY 7HA] wiAE Al xE
(AL v e Y] s ARk wixo] HI7EgE $ 48AIZF wiFerdith. o uw ARE W HE
S BF FgAen o5 dutHoR mAEY FEXA AE WY A LTHE F
) | control& 2383t 6712 wix]Z2Ado] thst Thr w2 Ao v x&= o
ZAFeE A3} Table 22 oA e vEe} Zo] Ca - Pantothenate, Pyridoxine - HCI,
Biotin®] #H7toll A& Ao A =& FA= X3 AS #FT F7F doem wrH
inositolS #7}3k HiA A control®¢ DCW(Dry cell weight)7} 1.3~ 15(g/1)4 zpol 7}
= As B F7F Aol 53] 47HA BENlE 5 EFete] H7EE wj Aol = ol HA
E F7F stk olebdo] HIEHE FARJNAREA Q7 HAR 747 o
< =27 wigel A o] HiERlS Edste] wigE w Aol
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Table 20. Effect of nitrogen sources on the growth of S. cerevisiae Thr

Nitrogen sources Cell growth *

KNOs 1.9632
(NH4)2S04 2.2058
NH4H>PO4 2.1489
(NH4),HPO,4 2.0378
NH4NOs 2.0393
NaNO3 2.0335
NaNO: 1.0286
NH4Cl 2.1517
Urea 1.7299
Peptone 2.0194
Yeast extract 2.9913
control 2.0458

* 1 OD at 600nm of cultured broth
Nitrogen compounds: 0.2% concentration
Culture condition: 48h, 30C, 200rpm, pH 6.0
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Table 21. Effect of concentration of Nitrogen sources on the S. cerevisiae Thr

Nitrogen sources

Cell growth according to nitrogen concentration *

0.4% 0.6% 0.8%
(NH4)2S04 2.2385 2.3620 2.4577
NH,4Cl1 2.1709 2.3136 2.4037
Yeast extract 3.3120 3.3542 3.4188
* 1 OD at 600nm of cultured broth
Culture condition: 48h, 30°C, 200rpm
Table 22. Effect of salts and vitamins on the growth of Thr
Dry cell weight (g/L) ?
Culture condition ”
YPH500 Tr" Thr
(1 + (2) 2.005 1.91 2.105
() + (2) + Inositol 3.340 3.005 3.640
(1) + (2) + Ca - Pantothenate 2.265 1.575 2.860
(1) + (2) + Pyridoxine - HCI 1.585 1.030 2.116
(1) + (2) + Biotin 1.555 1.485 2.090
(1) + (2) + Vitamin complex ° 5.700 5.065 6.350

@ Composition (1) and (2) are the same as in Table 3.
@ Culture hours: for 48 hours

(@ Vitamin complex: Inositol + Ca - Pantothenate + Pyridoxine - HCl + Biotin
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Fig. 31. Dry cell weight during fed-batch culture using a
fermentor Fermentation condition: 56h, 30°C, 300rpm, pH
55~6.0

Table 23. Total sugar-phenol sulfuric acid method of Thr

Sample No. Absorbance(ODgoo) B4 AR % (ug/ml)
1 0.8198 42
2 0.6685 34
3 0.4858 25
4 0.4544 23
5 0.4165 22
6 0.4094 21
7 0.2060 11
8 0.1767 9
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AT E AARHIHAR AFEE = A olnAtE FoA Fa% JEA threonine

tryptophan %S F7HA17 & I adwAZ Aol A AIRYERE )

ukaly] Qistoln, A X dlEdo g FR HF Fo|A S, cerevisiae YPH500, Tr°, Thr

Al #55 ol&ste] AFEA o HASE Tl A dA BAFE dEF ol HEFA S
2 ALE g T opu| At S AsHY, o] E A Ao ® A &staiat kgl

S ® , ©l
Yeast Al 5 S 3 A4S =R #F A 7B AFT wiA xRS 3
>

Sg AP YPD WA E Meaigom Azte]l mE 7t 7ol AFAES} Aol
AGA ol BN A4S FAGROH A FF F Thol A2 FL 4FAE 23 92
9. 58 Thre dE F o#F un 45e Be #AA4Re 21 e ok

fermentorS AF-E-3}o] v <k

[e}
Wz el ] BeA 2919 &%, pHol

HAAzALE A #F B Aol AAAT 7
7} 30C, pH 6.0014 HA o A4S Blom 3184 2219l AAFFo FFAAE BT
S50mlell Al 90% ool AgS malow 374 w5 I & F AUTh
B9 248 &7 9ste] TLCE Agslded 453 & 27 i=s Asta FA4E A
O Kol vrAgo] Wol] wWolgli Hjek 124+ M= A FA7E ofstar Mol Azt
Ao Kol gtagoe] A ARH AL HAUTH
Qo] APEol Aol g EJA #FF Thre Adaiy g@29y 249 a8 19

FEFa el digk AES Akt
A BAYoZE glucose, fructosedt 2 w72 o]&o] M FQktow I FEU}
O

7% o iﬂ’ﬂ*@%% et dadedM s F714499 yeast extractoll A HAHGES o
o

Bl Aoz FdFEdut. 28l vitamind 599 IULTAL Inositd, Ca-

Pantothenate, Pyridoxine - HOl, Bioting @502 371gks wje Aol & E=3-& FA= skl w7

vitaming B Egste] H7HS W controlel] Wl wA|EO] woll WAl FrFshE A RISk
Aol EFL S cerevisiae Thr2 5L fermentorEs ©]-8&3le] w3 Z3 shakin

incubator WolA Bt B2 dAHS S 7F e o wet AnEE @A Bobyl
S of 2= 9lojr).

oA A AFg3E YCS00:FF (trp, leu, ura, his )9t B3RS wj 24 34 o) A
7H‘?—l??} TC5-1 o Aol ¢ Egormz (v B #7) o] FFE5 o]&35ke] 3xdo
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wejolth opm Ak A AFE, AbR, ook sEookE, IEE,
FetA ol &I = Aot ol¥ % oW Aibe Bk A E)
d T G TEA Y mol A AR dY o]&Ha 1

I g2 opu| =4t Fol A threonine 3| =& A —a-ofu|=4te] duol il lysined} wF7E
A& Abmel FE£317] 918 5 opnesto g A F4 d Sk Algel H7bEo] gk Ed
e XY Feo] AR AIREEMNA, TAE P, SE N, A9y P, AN &
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7h AT
Aukz o7 gz Aakel] $8E a1 U= Saccharomyces cerevisiae % ©Fvx=Ake] A
2bgel 7 HEE g E ol 2" Wl w52l DJ-7S glycerol stocko.® WEH

. Growth condition

A e MR dgstas s 54 5 2k, pHeo® vl wet &
ga vk w3 yeast7} AgbEd o] HAwA ] A $oE shaking incubatorel A

200rpm= AF-&3FA Tk

1) HAujA o] A

=57 1L #A 2L Yeasti] ol 2 20]= YPD (Glucose 40g, Yeast extract
10.0g, peptone 10.0g. KIH.PO4 10.0g), YM( yeast extract 4.0g, Malt extract 10.0g, glucose
10g), YPG (Glucose 20.0g, NaCl 20.0g, peptone 10.0g Yeast extract 10.0g)¢] ®jx =A<

Abgstdom  250mlo] baffled 42F Feb==e] ZbZE 50ml WA wFEE JES F
shaking incubator (30C, 200rpm)oll Al 48A17F vl kele] AAESEE Hla #2359

2) &

BE yeast?] A9 30CoAA wjuds stAw AAAARES 7] 93 2dd ‘%o u
e WP E BEof stnr 2k wE AdS T wew 20T,30C,40C= 530
ik skl o] W wjdZE7A-E shaking incubatorol] A, 200rpmoE 48A17F HlYE F

absorbance(600nm) 2 ASAHEE SA AT}

3) pH
H% yeastt 94 pH 5 "6 =0 HAAWAS HolA vk AL HFE= WY o
o2 wild typed] 273 ©27 pH 4, 5, 6 &2 WS Fof HUT} o

shaking incubatorel 4] 307C, 200rpmo. = 48A17F vl & absorbance® ASFAHAEE H]
=]
AN
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4) #H# ®A<(carbon source)

EAAS FHUFSHA] &2 control¥} 971K ©AYE vlHte] FHEA AFEES slo] AR
= A& olu v E AT u HAAYL yeast extractES AFE FI L wjY 2HE
ol Ay FLATH

5) AATHF

eSS

L
=]
(m))E& 28 3to] shaking incubator (30C, 200 rpm) LS. & 484 7FE ¢t Hj ksl ABAA

absorbanceE =43}

o}, oAl 24

7= 0] 7 mutant®] amino acid $ES obw=Abe] PITCZ labelingdlo] HPLCZ 2413}
Ak MR FFE 7AW &=E 2070 opu|w4lbs o] 831 standardE  YHE O]
mutante} H 3L FEA]o] o] 83},

AAE FFE ODgo = 1 © H%2 udd 5 centrifuge2 o] &3te] mj#|9t #532 B
g s Eo® ¥FE lysis buffero] ¥ i bead beaterE ©]-&3te] A XU (intracellular)

amino acid2 F=38}e] dFS A3} Cell lysisol = glass beadE AF&3FA T

Cell (harvested cel)®] ofv|:=it 2AH S EAsH7] f8te] A7 S AFE3Ee] cell
S o AtG Y & lysisdtg Tl Cell& N, gas® 2 H glass vialel 6N HCIZF shA ¥
247 Zbs 2 110l 7k ste] &8l 8t e™ tryptophan®] ¥& 4 8t7] 98kl A

2] A 92 methanesulfonic acidd @ A S AL&39t}.
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7}. Screening® mutant®] tryptophan, threonine 3% =4
T4 207 ofn| =4S o] 831o] standardE THE©] mutante} Bl Ao o] &3} T}
Analogue plateZ ©]€3o] 1x} screening ¥ mutant™ intracellular o}7] =4t #4418 =3
22} screening 31 2™ (Table 24) wild typeol 4H|&] Trp, Threl g=ko =

3-2, DU 4-3, DU 5-3& #% candidates® 73} 1},

HZ 752 AAE DU 53 ODsy = 1 ©] H%2 w3t & centrifugeE ©] &3
WX e #F5 Hg s Eg¥E 5= lysis buffere]l ¥ il bead beaterE ©]-&3te] A
Z U (intracellular) amino acids FE3te &S SA4sEAth Cell lysisol= glass bead&
AHE3FAATE Cell (harvested cel)®] obn=Ab 2485 A 8t7] fste] A7t s AHS
o] cellS olm =2t TR lysisslAth Cell& Np gas® 7% glass vialel 6N HClZ}
SHAl @ a1 2441759 110CAlA 7HE st #3l 3192 tryptophan®] &S 4317 ¢
slo] A2 A 02 methanesulfonic acidx @] ©AS A&t

NeEl mutant DU 5-33F wild type9 intracellular % harvested cell®] Trp, Thre| 3%t
41 A3} Table 25 9F 2t}

b R

2k

(6]

He

Table 24. The amount of Trp, Thr of produced by the wild type and
mutants of Saccharomyces cerevisiae.
(unit @ ug/DCWmng)

) cell 10pgd peak™ 4
Strains -
Threonine Tryptophan
wild 45672 795982
DU 1 38390 29888
DU 2 45340 101222
DU 2-1 45936 100382
DU 3 54796 176534
DU 3-2 125870 110194
DU 4 97532 154068
DU 4-3 79810 206990
DU 5-3 188168 132968
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Table 25. The amount of Trp, Thr produced by the wild type and DU 5-3.
(unit : pg/DCWng)

Intracellular accumulation in the cell Harvested cell
Tryptophan Threonine Tryptophan Threonine
Wild type 0.07 0.12 2.13 13.47
DU 5-3 0.13 0.58 2.13 15.88
Ratio of
Mutant/Wild 1.94 4.69 1 1.17

EoAfo A AFE-E mutagenesisel] 28] WS A mutant= Thr, Trp2l overproducing
o] cell9] T4 protein®. U} intracellular accumulation®] = o]FH S A& = U
t}. ¥ ofu =2t Fo| A threonine©] tryptophanE.th &£t =& H| & =2 overproduce
=3

BTG swdE DU 5-3& tryptophan® threonine©| intracellulere]l 1.99, 4.7+)
A% overproducing o™ cell AAZE  threonine2  wild typeol W 17%

overproduction 3} 3l tryptophan< 2}o]& Ho]x] &t}

Y. Fast growing mutante] A€

AARE DU 5-38 M ET Al #F EF7F opn=at e 5oy #F9 WolFo|
TARAEE7 =4 o] #FE5E thA| single colony selection o] ¢3le] 7b4 = =}
gt colonyE Awste WA ow olE whESe HFHom I dFE AAUstu
Saccharomyces cerevisiae DJ-72.% W3ttt 223l YPD ¢ YPG, 183l YM #jA |
28] growth& W|a3le] Table 2691 YER AT
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Table 26. The growth of the selected yeast strains in the various media.

cell growth=
medium
DJ 3-2 DU 4-3 DU 5-3 DJ-7
YPD 3.22 3.20 3.31 3.92
YPG 3.12 3.20 3.28 3.70
YM 2.40 2.41 2.75 2.83

*OD at 600nm of cultured broth/culture condition : 36hr, 30°C, 200rpm

A 7HA broths Blaste] By Awkd o R YPD brothel A ©f Aol £& A& B
lem I FAME DJ-7 #F7F P FL A%S Btk ajnE ojfo] dye
269 A3%E EdZ sto] w5 DJ-7, 22al wiA= YPD broth= A &St

Saccharomyces cerevisiae D]-7S dHFA 9l yeastd] AF=<l
FS UEhE Aoz B 40TCo]does AFS A we A
Absorbance 3.4 oA 9] AZxTFAFDCW)S 12g/1 o] At}

Table 27. Effect of temperature on the growth of Saccharomyces cerevisiae D]J-7

cell growth
Temp.
YPD
20C 3.00
30T 3.42
40C 3.04

*OD at 600nm of cultured broth/culture condition : 48hr, 200rpm
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¢}, pHell w& A4

Saccharomyces cerevisiae DJ-7°] ## 37 pH+ Table 28¢] ZA¥oA & 5 Axo]
pH7Z YEelyth ol& diZe] SR E0] T4 pHolA HA A4S Hol= FF Ut

Table 28. Effect of various pH on the growth of Saccharomyces cerevisiae D]J-7

cell growthx*
pH
YPD
pH 5 3.11
pH 6 3.26
pH 7 3.58
pH 8 3.25

*OD at 600nm of cultured broth/culture condition : 48hr, 30°C, 200rpm

v}, carbon source® 7t w2 A3 Az

A=) At 7HE AT EA GES Hole v©AYs AHsh] flste] 8 7hA 9] #©A
HAlcarbon source)s FH7ksto] wiekstel S vt HA3E  Table 29 o YERWSAT
871A1¢] ErAY =o)X E Glucose, Fructose, sucrose Al 7}A7F 7F4 £& AHS HIo
Y sucroset UE T B4 Glucoset fructosed] HI3Fe] Za woton ymz &9

So|lE= Ao n%d RS BIL).
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Table 29. Effect of carbon sources on the growth of Saccharomyces cerevisiae D]J-7

Carbon sources Cell growth *
Glucose 3.50
Fructose 3.50
Sucrose 3.35
Maltose 2.04
Mannitol 1.83
Starch(potato) 1.68
Starch(soluble) 1.78
Dextrin 2.16
control 1.78

*: OD at 600nm of cultured broth/Culture condition: 48hr, 30°C, 200rpm
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v}, = 7] (aeration) &l 93 &3}

2 Ry EomDel AbEelaaue) v geey WA de] 4eFE Ha A
(aeration)o] AXA Hrh AbA dgHS AFHoZE FAHT 7 AN A kA
of tigh s FA4str] 9 HoR A3 A Table 309 AH#E Aot ol o4
@ ulsl go] &R EF 7149 mAA Ak Adwe] AX5E %ol FrheE A9
Al 57148& Bdd
Table 30. Effect of aeration on Saccharomyces cerevisiae D]J-7
vol. 50me 70m 100me 130me 150me
cell growths 3.57 3.47 3.37 3.27 3.12

*: OD at 600nm of cultured broth/Culture condition: 48hr, 30°C, 200rpm
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MEAME AFeAd A3 wzbA R opn|i=4be A Ao m T 7 o 1 Fol
Ao 54 o =AkSl threonine AFRH7MAI R o HF-E AL AHEIE A
WA Rl A= HHAT F gfle EFolu| Ao 2R AL
SAE] PR o} AL Folxa A Y] AslEE T
T Asolil 1 A7 AF3AY AS FAEEIHE ol -7 <l
Bk o] 5ol Fold g o] orE FES A4 2

Follde 2xdREe WMol dAxd miek ol HFF= Saccharomyces
cerevisiage wild T+ 25 E ethylmethane sulfonate (EMS), x4 ZAL 5

e}
SOl HEAh obu it AMFL Hol7] AT FELTA WoFo 24
J ke
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rlo
r o
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=2,
X
2
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e

3to] ol Ak A BXS 3lo] Threonine ¥} tryptophan 3$F#o] =
}2y Saccharomyces cerevisiae DU 3-2, DU 4-3, DU 5-30]g}a HH3ldth. Q29 ofn
A4S B3 A3 DU 5-32 tryptophan® threonine©] intracellulerol] A 45 ¥} A=
2™ havested cell A#| 2 += threonine2 wild <9 H|3&] 17% overproduction 3}
3l tryptophan *}o]& HolA| ot} o5 EAWo] Fo dojd Wtz st A
Le7b =8A s As HAdsta, olE SHsy] fete] b ofm Al 2ol =2 DU
-3 T2 45 H single colony isolation Wl <&gte] Aol 71 wE TFE EHlY
Saccharomyces cerevisiae D]-7°18F HHst1 AS5S%, pH, ©4ad, x235%H 5 A4S
3ol HAstE Fall Hdeol oA ALEF138g/)S AT

N

32 oN b4
o

ol

i

a1

f
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54d. C rugosa® wi%F A+

1. C rugosa ¢ #& A3 =4
7}. Urea® gloll W2 Candida rugosa®l 3& % Aol

2] ] ureas WSAA 719S W Candida rugosa®l B3ZHAEE FHA

Wzl 2L g/hbiml7|Fo2  Hydrol 3%(1.5ml), Urea, KH.PO; 0.4g, MgSOy - 7TH20
0.05g, NaCl 0.05g, CaCl - 2H-0 0.05g, Trace(100x) 0.11g, Yeast extract 0.05gS. 2 ZA ¥
AL vfA] e Al Hydrole] 3/ditol”] wi<tol W= glucoses H7FstA] %olx ¥ 3t} Urea
Z74 WslE 0g, 0.05g, 0.15g, 0.25g, 0.6g= st th.(M =] A=Al el e CaCl, Urea ¢+
Uz vjx A SR 370 w2 autocleaved 4 =th ¥ 4 olA autocleavedt 7 -
Urea 05g/50m¢ 4% pH9.15 & Z3} Hb3 CaCle uix|o] thake] 4 AES 7l Al
H. 91508t pHAlA %= A" ¢ Adio] HAstel OD.& S8 x&5 44 AlZE
ATH)

buffer solution & 0.2M photassium hydrogen phthalate (4.084g/100m¢) — 0.2M NaOH
(0.8g/100m0) S o] 83} pH6Co = &t} (buffer solution : DW. = 1 : 3 (120ml : 360ml)
o2 3o 0.06M THETH)

Candida rugosa= YM plateol 5] 712 % colonyZ= WA flaskel 2zt HFslx, HE

1
Candida rugosaZS 24A7Fs<h Wl T 1 AdgE wixo] HZF3I F shaking

=l

pus

incubatorell A 7]%-3L. (247, 150rpm) cell massS =4 3tt}.
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Fig 32. YM plateel A wi%¥ C rugosa

Table 31. O.D.g =748 A3

Urea O Urea 0.05 | Urea 0.15 | Urea 0.25 | Urea 0.5

ure I3l & ol &

ZAAI\ [600nm |650nm|600nm|650nm|600nm |650nm| 600nm|650nm |600nm Gfr(])n

12 hr. | 0.447 | 0.428 | 0.614 | 0.585 | 0.683 | 0.653 | 0.696 | 0.668 | 0.700 | 0.672 x4
24 hr. | 0.248 | 0.240 | 0.492 | 0.476 | 0.771 | 0.749 | 0.740 | 0.719 | 0.618 | 0.601 x16
26 hr. | 0.247 1 0.239 | 0.521 | 0.504 | 0.782 | 0.761 | 0.769 | 0.747 | 0.727 | 0.709 x16

36 hr. | 0.270 | 0.264 | 0.441 | 0.426 | 0.785 | 0.761 | 0.825 | 0.802 | 0.705 | 0.686 | x24 (Urea0 : x16)

48 hr. | 0.564 | 0.584 | 0.273 | 0.264 | 0.491 | 0.473 ] 0.533 | 0.515 | 0.447 | 0.432 | x36 (Urea0 : x16)

60 hr. | 0.433 | 0.421 | 0.319 | 0.308 | 0.531 | 0.514 | 0.539 | 0.517 | 0.441 | 0.429 | x36 (Urea0 : x12)

A

A3} urea 0.159F 025904 Fu Y& AAS HA urea 0257} HA ZHo=
= Aok

)

e
okl
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u.. pHH 3o W& Candida rugosa®l 3734 % 2o

Candida rugosa®l 72 #HZ4 pHE T3t7] Y8l pH 4, 5 6 = 0.05M photassium
phthalate buffer} pH 7, 8 © 0.05M photassium phosphate bufferE Al-&3te] pHE =74
skt

Table 32. Photassium phthalate buffer®} Photassium phosphate buffer®] pH

Photassium phthalate buffer Photassium phosphate buffer
0.2M photassium hydrogen phthalate 0.2M K2HPO4
(4.084g/100me) pH=4.04 (3.484g/100m¢) pH=9.17
+ +
0.2M photassium hydroxide 0.2M KH2PO4
(1.1222¢/100m¢) pH=13.12 (2.723g/100m¢) pH=4.67
photassium hydrogen ph.thalate 3} photassium KoHPO, 3 KILPO, o] H]&© tjefa o2
hydroxide?] oelol 2}
nge ggdor o 2k -
* pH=7 = 516 *pH=8 = 83
* pH=4 = 1:0 *pH=5 = 11:5 *pH=6 = 1:1

buffer solution 45m¢ + glucose 0.5m¢ 3}l autoclave (300m¢ baffled flaskAl-&) (%
glucose® # 718t autoclaves 4% pH7l &} Z45 AHdAS YelUY 2d @4
< pH meter”] 2] standard solution pH4, 7, 103} 4 °JA] autoclavedtA<S 4ol = pH7, 10
o A AP 082 glucose= &ZE] SNY &3l autoclavest RS AHF AHEIANS
ettt ¢ 4 3t autoclavestA]l &S Bole £dstd®= 2
o v 72 glucose?} bufferE wWE autoclave 3+ F 4= Zlo] ZAWow
2lt}), Clean bench¢toll A autocavedt buffer&<4o] YN 5
1:9) ¥C rugosai urea 23 wo} 5A3HA vl FstAt

fll
o E >

o
o
i3
ox
of
B

(o]

S
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Table 33. pH ®W3glo] W2 OD#H &4 23

251 a pH4 pH5 pH6 pH7 pH8
1day< 0.003 0.279 0.014 0.393 1.1
3day<= 0.563 2.034 2125 2.155 1.955
4day< 1.068 1.919 2.147 2.126 1.944
Sday< 1.810 1.929 2134 2.099 1.965

0Dk 54 3k piias &71o] AL Furk g, Ao WG AT 2 A
SR pl6, pHTOI A 25 o $& AshE e pHool A 244838 b

2. Candida rugosa®] standard curve

YMuIA] 50meell C. rugosa colony <&, 48 hr. incuvation ¥ 500m¢ flask 1070l (Z+
ZF YM 100m¢) W SEC rugosas 1m® HF, thA] 48 hr. incuvation ZWolAl 500md
bottle 270 2& %& yYFyo] ¥t} 2800rpmoll A Smin¥7F centrifuge, A5 A7 F
bottle =75 & 719 HHAES DW.E Ao (EY 42 HEE 4mEs 9A ©A gc})
U A bottleol] g3t

50m¢ conical tubedl EF 7|3 centrifuge (2800rpm 5min.)gtc}t. A5 AA F
DW.2 2omi7FA] 9=t} vortexing 2.2 resuspentiondt & 10m¢, 10m¢, om¢ 3FTF= T+&
ate] 10me F70E ZH2 A F(90C), 5mle Abs#g S48kt
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Table 34. w4 Az TF &4t

A A 2S5 (g/100me) 0.1251
A A xTFH(g/ml) 0.001251
A A xF F(ug/ml) 1.251

Table 35. 3 Aujgo] W& 600nme} 660nm Z+zte] oA A= abszkol WE cell mass

C. rugosa standard curve

cell mass(ug/ml) 660nm 600nm

1.251
x 400 0.003 0.189 0.181
x 300 0.004 0.260 0.248
x 200 0.006 0.371 0.353
x 100 0.013 0.539 0.516
x 70 0.018 0.838 0.806
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C. rugosa standard curve

0.020
0.018 1"y — 0.025x - 0.002
0.016 7 g2 = 0981
< 0014
5 0012 f *
2 0.010 I
% 0.008
£ 0006 [ /
T 0.004 o
0.002 |
0.000
0.0 0.2 0.4 0.6 0.8
Abs(600nm)
Fig 33. 600nmol A 2] C. rugosa standard curve
C. rugosa standard curve
0.020
0.018 =6 004 x - 0.002 *
0.016 R? = 0.981
< 0014
£ .
5 0012 |
P 0.010
® 0008
£ 0.006 -
© 0004 f /
0.002
0.000
0.0 0.2 0.4 0.6 0.8
Abs(660nm)

Fig 34. 660nmel 42 C rugosa standard curve
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6. AlAlE A A

27]& scale updtr}.
Fal A o] F st

30L — 200L — 500L — 3KL
FEE 2 wasle 94 Be
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oF 4~5A1ZF vtk &Y 5 cell massE AT
cell massE UV-SpectrophotometerE ©] &3] 600nmolA =4 gt}

A AE ol&ste] 7]l AANA scale upe AT

_95_



15,000rpm <]

_96_



H 4 =SxEHE 3 ftdAFZokoel 7[iE

k|

Yeast=H-E] SAHolr|x=ibs B8yl 9 7 wmEL A WHEE yeastE:
threonine, tryptophan®] analogueEol] W3dle] AIdAH S 2= E 3=
17 Ao XE AIAE 2t 575 AAHS7] A8 yeast & ©F] =4t analogue®] A
S ZbA] 9= w2 Saccharomyces cerevisiae X2180 mating type(n)ES A A 3dl3 o,
ol A28  analogueE A17337] $3 tryptophan analogueZ <# % indole,
indoleacrylic  acid, fluorotryptophan®  threonine analogue® ¢# 3%  serine, [
~hydroxynorvalineol] ™3t #59 AL =3Pt =4 ZA37 tryptophan analogue©l
A& fluorotryptophan”t 759 A S Aast= Ao ® Yely oW, threonine analogue®l
X+ B-hydroxynorvalineol A A4 A&7} Jelytonz B A3 o] o] %+ analogueE ©| &
712 AASATE ofm =2t thF #F9 sensitivityE: &A387] sl MIC test A3}
0.lmM fluorotryptophan® sZoAH e S AAdr7F AZHJAT. U3 WHoz
threonine analogue®] gk A& A3 25mM [-hydroxynorvaline®] FXolA A& A Xt
7F #FEE A 3|, 2 Ao A analogue AT T screeninge wild typeg] MIC
SRt =& 559¢ 2mM fluorotryptophan® 10mM E-hydroxynorvaline2. 2 243} th.
Analogue % Z7H S. cerevisiaeS 7}A 3 UV mutagenesis 3t 64709] tryptophan
analogue A4 55 HAAHTFA o 31709 threonine analogue A4 w5 XA
ot MAE dFF 7FA L amino acid® S =A37] Y8l Pico-tag methodE o] &3
HPLCZ ®A8t9tt. = A3 Tryptophan analogue 34 #5<2 W5-359 wild type?
MEW total amino acid ¥ Fol tE tryptophan FHS A B A} wild typed
0.081%¢°ll H]3l] °F 27%7F =2 0.103%9] T=FS I/]'E}"uo‘:q o] T AME wFAS wild
typedt vl 3 A} wild typed] 043% HT} 72%7F =2 0.74%9] tryptophan &S 712
Aoz Yelyt) L3 threonine analogue A& w20 TH-1vFE vl AFs A3} A
ZU threonine ol A= wild typeel B3} ¢F 12.7%9 Z71E Ho] Ao)7} =LA ¥gke
L M E wjkdo] 9lojA wild type? threonine $F#F 6.07%H. T} °F 66%7F =2 10.08% <]
threonine &S 7H A S = e
22hd Eol = 1a 3= 23843 Trp, Thr over-production mutant® 214 % W5-359}
TC5-1% amino acid 3o] =2 TCHh-18 7IXa B3 A&dA it o] o] &37]2
gt TC5-1¢] MIC test 23 0.1 mM fluorotryptophan®] FZolARE ¥ AA 7t 3
2o B Ao tryptophan analogue 34 TF9] screening= MIC TE=HU =
S 1ol 25 mM fluorotryptophano. & A A ste] the Ao o] &3t AAHA TCH-1
S 7FA a2 EMS mutagenesisdte] 8702  colonies(TC6 mutants)E &3ttt 2% 874
o] mutantZ 7}A 3l amino aicd ¥4 A3} TC6-1& tryptophan} threonine©| intracelluler
o A 45v) HZ= o) FAYALE Qo harvested cell AHA 2% threonine TChH-19 H] 3 20%

ot

e
1w e

(T TR
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overproduction 3}% 3l tryptophans %S x}o]E Ho]x] 9kgk

3AA =M= candida B-FEEE 7FA 3l amino acid Xﬂ%“é At 5 A
A E = 1, 2xbdEol A FHE AFHHS EdE A dstAdvh. WA candida 5
5 ¥ candida rogosas AAsFY] zFzke] analoguec] &l MIC testdt Z3 0.1 mM
fluorotryptophan®] & &=ol A8 A5 AA7F #EFHAq o = A A analogue A%
A 759 screeningS MIC F=HT =& 552 2mM fluorotryptophanl = Z A 3} ¢}
analogue % A4 % C rugosas 743 EMS mutagenesis 3¢ 2% ¥ analogue plate
of spreadingste] 50719 mutantE LA A E 50719 mutantE amino acid &4 23}
amino acid$t#o] 7} =& C39 2% wild typeel 4H|&] tryptophan 3$F=2 1.6,
threonine %S 28] A% =7 overproductiond A E UENY candidad 7 $ol% 3zkd

= A 2% analogue Z3 #F 4L EFE /‘43}"5

AT A = threonine?} tryptophans $Hrétes RS *3’&3}04 Az 3099 HxY
obml=Abe]l A7tE dRtsta 60919 A= FYUA = JJrE Z1Ne & dowdt AzhEm
ZNQA A AEstATE FESE F JS Aotk A7 SuHd = dE3ete] APA S
2 &8% - Olo‘ﬂ AFsHE fstAAM = AAFES G ERE AAtste] Theste] AMEE
T UAs Ao AlsdTh

F7HH o= Oﬂ:rL 2 AN AFERTE A4 2R M4 T 7HE Adste] ols v
AAEH AAS] w9 AHS pAo R Faste 7Iks v E Aol FAr|ge oE
= 3|ALe} VA o8 AASA, FYS sto] AFTIIEAISE sho] H[R ofm|Ake] S
=9 RAo=z AzHT}
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ABSTRACT: An experiment was conducted to investigate the effects of various
levels of dietary Saccharomyces cerevisiae (SC) on the growth performance and meat
quality (i.e., tenderness and oxidative stability) of broiler chickens. Day-old 240
broiler chicks were fed one of the four experimental diets with graded levels of SC
at 0.0, 0.3, 1.0, and 3.0%. Each treatment consisted of six cages with 10 chicks per
cage. Feed and water were provided ad [ibitumthroughout the experiment that lasted
5 wk. Birds were switched from starter to finisher diets at 3 wk of age. The
average BW gains of broiler chickens increased (linear p<0.05) during either 0-3 or
0-5 wk of age as SC levels in diets increased. A linear effect (p<0.05) of SC on feed
intake during either 4-5 wk or 0-5 wk of ages was also monitored. The addition of
SC to the control diet significantly lowered shear forces in raw breast, raw thigh and
cooked drumstick meats (linear p<0.05). Upon incubation, 2-thio—barbituric
acid-reactive substances (TBARS) values increased gradually in breast and thigh
meats while more dramatic increase was noted in skin samples. The TBARS values
of either breast or thigh meats was not significantly affected (p>0.05) by dietary
treatments up to 10 d of incubation. At 15 d of incubation, TBARS values of breast
and thigh meats from all SC-treated groups were significantly lower (p<0.05) than
that of the control. It appears that dietary SC could enhance growth performance of
broiler chickens, and improve tenderness and oxidative stability of broiler meats.

(KEY WORDS: S. Cerevisiae, Growth Performance, Meat qualities, Broiler Chickens)
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INTRODUCTION

Various strains of Saccharomyces cerevisiae (SC) have long been fed to animals as a
source of unknown growth factor. It was reported that feeding SCto chickens
improved weight gain and feed/gain ratio (Onifade et al., 1999 and 2000). On the
other hand, Madrigal et al. (1993) failed to observe the positive effect of feeding SC
on body weight in broiler chickens. In addition to growth performance, there are
literature data (Akiba et al., 2001; Lee et al., 2002) showing that enrichment of diets
with yeast could favorablyimprove broiler meat quality. Specifically, edible meats
sampled from broiler chickens fed a diet containing SCexhibited increased tenderness
(Bonomi et al., 1999), and increased water-holding capacity (Lee et al., 2002).
However, the effect of SC supplementation on oxidative stability of chicken meat was
not extensively studied albeit there are indicatives (Meyer et al., 1994; Ampel et al.,
2000) that SC may possess antioxidant property. Thus, the present study was
conducted to evaluate the effects of graded levels of dietary SC on growth
performance and meat quality of broiler chickens. Meat qualities were monitored by
observing shear force and oxidative stability as measured by 2-thio—barbituric

acid-reactive substances (TBARS) values in this study.
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MATERIALS AND METHODS

Animals, Diets and Experimental Design

Day-old 240 male broilers (Ross) chicks were randomly allotted to 24
wire-floored, suspended cages in a temperature-controlled room. Continuous lighting
was provided throughout the 5-wk experimental period. The room temperature was
gradually decreased from 32C on Day 0 to 25C on Day 21 and was kept constant
thereafter. There were four dietary treatments, each consisting of sixreplicates. A
replicate was identical to a cage with 10 birds so that each treatment had 60 chicks.
Broiler starter and finisher diets were formulated (Table 1) and used as a control
diet (SC 0%). Three levels of SC(Choheung Chemical Industrial Co. Ltd., Ansan,
Kyunggi-do, Korea) were added to the control diet to give 0.3, 1.0, or 3.0% SCin
diets, respectively, at the expense of soybean meal. Feed and water were provided ad

libitum throughout the experiment that lasted 35 d.

Body Weight and Feed Intake Measurements

Body weight (BW) was measured by cage at 1, 21 and 35 d of ages. Feed intake
was monitored by cage at 21 and 35 d of ages. Feed intake per cage and weight

gain per cage were used to calculate feed/gain ratios.

Collection of Meat and Skin Samples

On the last day of 5-wk feeding trial, one bird from each cage (replicate) close
to mean BW was slaughtered by bleeding the carotid artery. Immediately after the
slaughter, chickens were de—feathered, and trimmed to obtain breast, thigh and
drumstick meats with skins on them. Then, one half of breast and thigh meats, and
whole skins sampled were stored at —20C until required for the lipid oxidation assay.
The rest of breast and thigh meats, and whole drumstick meats were stored at 4C

prior to the measurement of shear force.
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Measurement of Shear Force

Prior to the measurement of shear force, drumstick was cooked at 75 C whereas
fresh breast and thigh meats were used for the assay. They were cut into square
shape (35 x 25 x 6 mm), and then subjected to the measurement of shear force. An
application of cutting force to the meat samples was performed using a TA-XT?2
Texture Analyzer equipped with a TA-7 Warner-Bratzler Blade (Stable Micro
Systems Ltd. Surrey, England, UK). Maximum shear force (kg) was applied

threetimes (n=3) per sample. Shear force is defined as hardness of meat.

Measurement of TBARS Values

When required for analysis, breast and thigh meat samples that had been stored
at —20C were thawed at 4C, deskinned and homogenized. Six sub-samples weighing
approximately 2.5 g each from breast and thigh samples were weighed into 50-mL
screw—capped centrifuge tubes and subsequently incubated at 30C for O, 1, 3, 6, 10,
and 15 d. Following incubation, each sub-sample was immediately subjected to
malondialdehyde acid (MDA) assay for measuring the extent of lipid oxidation.MDA,
a secondary oxidation product, was determined by the method of Sushil and Meliss
(1997) with minor modifications. The amounts of TBARS were expressed as mg
MDA per kg of sample. The oxidative stability in skin samples was also measured
as outlined for breast and thigh samples except for the homogenization step. Intact
skin samples were incubated from 0 to 15 d. Immediately after incubation, samples
were homogenized (Polytron PT-MR 2100, Switzerland bv Kinemacia AG.) with 6
mL of 209 trichloroacetic acid and further processed as described above in order to
measure the TBARS values.

Statistical Analysis
All data were evaluated by one-way ANOVA using the GLM procedure (SAS,

2000). Polynomial contrasts (linear, quadratic and cubic) were used to test the effects
of graded levels of SC on BW gain, feed intake, feed/gain ratio, and shear force. In
addition, significant differences of mean TBARS values between dietary treatments
were analyzed by repeated measures and Tukey test in the GLM procedure (SAS,
2000). The level of statistical significance was pre-set at p<0.05.
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RESULTS AND DISCUSSION

Growth Performance

In Table 2 were shown the growth performance of broiler chickens fed graded
levels of SC. At 3 wk of age, the BW gains were linearly (p<0.05) increased by on
average 4.2, 7.8, and 13.2% in birds fed on 0.3, 1.0 and 3.09% SC, respectively, as
compared to those fed the control diet. Growth-promoting effect of SC that observed
at 3 wk of age was also observed at 5 wk of age being the significant increase
(linear p<0.05) in group-mean BW by 6.4, 7.6, and 10.2%, respectively, for birds fed
on SC added at 0.3, 1.0 and 3.095, respectively, when compared to the control group.
Group—mean feed intake at 3 wk of age was not affected (p>0.05) by dietary
treatments. However, feed intake increased as the SC levels in the diets increased
(linear p<0.05) during either 4-5 wk of age or 0-5 wk of age. The feed/gain ratios
tended to be lower in all SC-fed groups, however, no significant difference was
detected between the control and SC treatments (p>0.05).

The present study indicates that diets enriched with SC could improve BW
gains and feed/gain ratios of broiler chickens. In this regard, our study corroborates
well with earlier studies showing the positive effect of feeding yeast on growth
performance in chickens (Valdivie, 1975; Onifade et al, 1999). On the contrary to our
study, Madrigal et al. (1993) reported that dietary SC failed to improve the BW gain
of chickens.

It has been shown that the addition of yeast into broilers’ diet could prevent
the colonization of Salmonella whether or not the chickens inoculated were
subsequently challenged either with (Line et al., 1997) or without (Line et al., 1998)
transport stress. Feeding SC var. boulardii to poults increased BW gain that could be
associated with a decrease in either goblet cells per millimeter of villus height or
crypt depth in the ileum (Bradley et al, 1994). Similarly, cell-wall component of SC
added at the level of 0.29% in broilers’diet significantly increased BW gains with a
reduction in crypt depth and an increase in villus height when compared to the
no—-added groups (Santin et al, 2001). Thus, it is likely that SC could either improve
the efficacy of immune response or stabilize intestinal microflora, or both, thus

leading to better growth performance of broiler chickens as shown in this study.
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Shear Force of Meat

The addition of SC to a corn-soybean meal base control diet significantly
lowered the shear force in raw breast, raw thigh and cooked drumstick meats (linear
p<0.05; Table 3). The shear force values of raw breast and thigh meats tended to be
higher than that from cooked drumstick. Our study suggests that the dietary
supplementation of SC could improve meat tenderness of broilers in a dose-dependent
manner.

The amount of collagen in muscle has been used as a measure of muscle
desirability or tenderness. The result (Table 3) suggests that the dietary
supplementation of SC increases meat tenderness of broilers, though the reason is not
clear. The probable reason is that SCprevents glycogen loss in drumstick muscle and
so 1mproves meat texture. There are some other factors which affect the meat
tenderness. According to Silva et al. (1999), cooking loss and juiciness were
significantly (p<0.001) correlated with tenderness. Bouton et al. (1973) speculated that
increased water holding capacity of meat of high pH contributes to their increased
tenderness. The ultimate pH values also contribute to tenderness (Bouton et al., 1971,
1973; Purchas, 1990; Jeremiah et al., 1991; Purchas and Aungsupakorn, 1993 Guignot
et al, 1994 Dransfield, 1996). The result (Table 3) suggests that the dietary
supplementation of SCincreases meat tenderness of broilers, though the reason is not

clear.

TBARS Values of Meat and Skin

The effects of dietary SC on TBARS values of breast and thigh meat samples,
and skin samples wereshown in Figures 1, 2, and 3, respectively. Initial TBARS
values were comparable among breast and thigh meats, and skin samples, ranging
from 0.18 to 0.36 mg MDA per kg of samples at the beginning of incubation. Upon
incubation, TBARS values increased gradually in breast and thigh meats (Figures 1
and 2) while more dramatic increase in skin samples (Figure 3). The slopes of the
increase in TBARS values against incubation time were relatively slack in breast and
thich meats as compared with those in skin samples. The TBARS values of either

breast or thigh meat was not significantly affected (p>0.05) by dietary treatments up
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to 10 d of incubation. At 15 d of incubation, the TBARS values of both breast and
thigh meat samples from broiler chickens fed diets enriched with SC was
significantlylower (p<0.05) than those of control chickens. The TBARS values
measured at 15 d of incubation were ranged from 154 to 1.82 mg MDA per kg of
thigh meat and from 2.28 to 357 mg MDA per kg of breast meat. The TBARS
values of skin samples measured at 15 d of incubation was apparently higher than
those of thigh meat being ranged from 354 to 4.20 mg per kg of skin samples and
those of breast samples being intermediate.

The results (Figures 1, 2, and 3) provide the evidence that supplementation of SC
into a corn-soybean meal base control diet could increase the oxidative stability of
broiler meat in dose-dependant manner. It may indicate that there are some
antioxidant factors in SC or SC may make the meat containing less oxidative fat (or
fatty acids). Many workers (Meyer et al., 1994, Ampel et al., 2000) indicated that
some antioxidant factors are present in SC. However, as shown in Figures 1, 2, and
3, the speeds of oxidation were the same in both treatments at the early stage of
incubation. If an antioxidant(s) from SCcontributed to the lowered oxidation, the
graphs should show different pattern at the early stages of incubation. Alternatively,
our study may indicate that meats from the chickens fed SC contain less oxidative
fat (or fatty acids). Although fatty acid compositions of meats were not measured in
this study, it has been reported thatlipid deposition was significantly lowered by
feeding yeast to broiler chickens (Akiba et al., 1982; Bolden et al, 1984, Mendonca et
al., 1984; Takahashi and Jensen, 1984) and to laying hens (Akiba et al., 1983; Bolden
and Jensen, 1985; Brenes et al.,, 1985, Takahashi and Jensen, 1985).

It can be concluded from this study that feeding of SC to broiler chickens could
improve growth performance in a dose-dependent manner. Dietary SC can also

improve meat tenderness and the oxidative stability of broiler meats.
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Table 1. Composition of the control dietl

Ingredients Starter (0-3 wk) Finisher (4-5 wk)
Corn (%) 59.26 64.63
Soybean meal (44%) (%) 20.52 18.92
Corn gluten meal (%) 9.43 7.17
Rapeseed meal (%) 5.00 3.00
Soybean oil (%) 2.00 3.00
Tricalcium phosphate (%) 1.78 1.27
Limestone (%) 0.88 1.08
Salt (%) 0.40 0.40
DL-methionine (50 %) (%) 0.34 0.16
L-lysine HCI (%) 0.19 0.17
Vitamin premix2 (%) 0.10 0.10
Mineral premix3 (%) 0.10 0.10
Total (%) 100.00 100.00
Calculated Composition

ME (kcal/kg) 3,100 3,100
CP (%) 21.50 19.00
Ca (%) 1.00 0.90
Auvailable P (%) 0.45 0.35
Methionine (%) 0.50 0.38
Lysine (%) 1.10 1.00

1 The four experimental diets were formulated by replacing soybean meal with yeast (S. cerevisiae)at 0 (control), 0.3, 1.0, and 3.0%,

respectively.

2 Provided followings per kilogram of diet: vitamin A, 5,500 IU; vitamin D3, 1,100 IU; vitamin E, 11 IU; vitamin B12, 0.0066mg;
riboflavin, 4.4mg; pantothenic acid, 11mg (Ca-pantothenate: 11.96mg); choline, 190.96mg (choline chloride 220mg); menadione,
1.1mg (menadione sodium bisulfite complex 3.33mg); folic acid, 0.55mg; pyridoxine, 2.2mg (pyridoxine hydorchloride, 2.67mg);
biotin, 0.11mg; thiamin, 2.2mg (thiamin mononitrate 2.40mg); ethoxyquin, 125mg.

3 Provided followings per kilogram of diet: Mn, 120 mg Zn, 100 mg Fe, 60 mg Cu, 10 mg I, 0.46 mg; and Ca, min: 150 mg, max: 180

mg
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Table 2. Effect of graded levels of S. cerevisiae (SC) supplementation on growth performance of broiler

chickens
Growth performance SC, % Pooled Polynomial contrasts
fbird 0.0 0.3 1.0 3.0 SEM™ linear | quadratic | cubic

0-3 wk
BW gain, g 604« | 631 654 | 689 17.1 | p<0.05 | NSw NS
Feed intake, g 1073 1081 1085 1120 30.1 NS NS NS
Feed/gain 1.78 1.72 1.67 1.64 0.065 NS NS NS
4-5 wk
BW gain, g 801 866 860 863 19.9 NS NS NS
Feed intake, g 1482 1511 1561 1560 223 p<0.05 NS NS
Feed/gain 1.86 1.75 1.82 1.82 0.029 NS NS NS
0-5 wk
BW gain, g 1405 | 1498 | 1515 | 1553 | 282 | p<0.05 NS NS
Feed intake, g 2556 2594 | 2644 | 2685 41.6 p<0.05 NS NS
Feed/gain 1.82 1.73 1.75 1.73 0.034 NS NS NS

*Values are expressed as the means with six replicates per treatment.
** SEM: standard error of mean.

*#% NS: not significant.
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Table 3. Effect of graded levels of S. cerevisiae (SC) supplementation on shear force in broiler meats

Polynomial contrasts

SC, % Pooled
Shear force, kg
00 | 03 1.0 3.0 | SEM* | linear |quadratic| cubic
Raw breast 674« | 6.29 | 6.02 | 5.80 | 0.109 | p<.05 | NS NS
Raw thigh 6.14 | 589 | 558 | 540 | 0.162 | p<05 NS NS
Cooked drumstick| 5.13 | 4.82 | 5.02 | 4.40 | 0.166 | p<.05 NS NS

*Values are expressed as the means with six replicates per treatment.

**S E.M.: standard error of mean.

**%* NS: not significant.
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Figure 1. Effect of graded levels of S. cerevisiae supplementation on 2-thio-barbituric acid-reactive
substances (TBARS) values of breast meat. All data points are mean TBARS values from 6 replicatesstandard
deviation. Asterisk(*) indicates that TBARS values of the control group versus the groups fed diet containing

0.3, 1.0, and 3.0% S. cerevisiae were statistically different (p<0.05).
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Figure 2. Effect of graded levels of S. cerevisiae supplementation on 2-thio-barbituric acid-reactive
substances (TBARS) values of thigh meat. All data points are mean TBARS values from 6 replicatesstandard

deviation. Asterisk (*) indicates that TBARS values of the control group versus the groups fed diet containing

0.3, 1.0, and 3.0% S. cerevisiae were statistically different (p<0.05).
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Figure 3. Effect of graded levels of S. cerevisiaesupplementation on 2-thio-barbituric acid-reactive substances

(TBARS) values of skin. All data points are mean TBARS values from 6 replicatesstandard deviation.
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ABSTRACT An experiment was conducted with d-old 240 male broilers to investigate
the effects of Saccharomyces cerevisiae (SC) cell components on the growth
performance, meat quality, and ileal mucosa development. There were four dietary
treatments, each consisting of six replicates. Whole yeast (WY), SC extract (YE),
and SCcell wall (CW) were added at the levels 0.5, 0.3, and 0.3%, respectively, to the
control starter and finisher diets. During 0-3 wk of age, a lower feed/gain ratio
(P=0.05) was observed in CW, while the WY-fed birds in 4-5 wk of age showed
alow feed/gain ratio compared to the control. During 0-5 wk of age, WY and CW
showed higher BW gainsthan did the control. The shear force of raw drumstick
decreased in WY compared to the control, and YE and CW fell in between. The
shear forces in both cooked breast and drumstick in WY and YE decreased when
compared to the control. The amounts of 2-thio—barbituric acid-reactive substances
(TBARS) of breast in WY, YE, and CW were lower than the control at 10 d of
incubation. In drumstick, TBARS values were lower in WY and YE than that in
control at 6 and 10 d of incubation. At 10 d of incubation, skins from YE and CW
showed lower TBARS values than did the control. Villus height was longer in WY
and CW compared to those in control and YE. No differences were found in crypt
depth among four treatments. The villus height/crypt depth ratios in WY and CW
were larger than those of the control and YE. It can be concluded that dietary yeast
components, like whole yeast or yeast cell wall supplementation could improve
growth performance. Meat tenderness could be improved by the whole yeast or yeast
extract. Both yeast extract and yeast cell wall have oxidation-reducing effect. Yeast
cell wall can improve ileal villus development.
(Key words: Saccharomyces cerevisiae, broilers, yeast cell component, growth

performance, meat tenderness, oxidative stability)
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INTRODUCTION

Saccharomyces cerevisiae (SC), one of the most widely commercialized yeast, has
long been fed to animals. Results of earlier chicken studies with yeast, however,
were not consistent. It was reported that feeding yeast to chicks improved BW gain
and feed/gain ratio (Bonomi and Vassia, 1978; Ignacio, 1995; Onifade et al., 1998). On
the other hand, Madrigal et al. (1993) failed toobserve the positive effect of feeding
yveast on BW in broiler chicks. Kanat and Calialar (1996) reported that active dry
yveast effectively increased BW gains without affecting feed/gain ratio in broiler
chicks. In contrast, supplementation of yeast to broiler diets improved feed/gain ratio,
but not growth rates (Valdivie, 1975; Onifade et al., 1999). Very recently, it was
reported that yeast could be an alternative to antibiotic—based drugs in feed in broiler
chicks on new litter (Hooge et al., 2003), or on recycled litter (Stanley et al., 2004).

In addition to growth performance, there are literatures showing that enrichment
of diets with yeast could favorably improve broiler meat quality. For example, edible
meats from broiler chicks fed a diet containing Cr-enriched SC exhibited increased
tenderness (Bonomi et al., 1999), and increased water-holding capacity (Lee et al.,
2002). Moreover, the effect of SC supplementation on oxidative stability of chicken
meat was not extensively studied albeit there are indicators (Meyer et al., 1994,
Ampel et al., 2000) that it may possess antioxidant property.

Thus, the present study was conducted to evaluate the effects of whole cell, cell
wall and cell content of SC on growth performance, various meat qualities, and ileal

mucosa development of broiler chicks.
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MATERIALS AND METHODS

Animals, Diets and Experimental Design

Day-old 240 male broilers (Ross strain) were randomly housed in wire—floored,
suspended cages in a temperature—controlled room. All procedures were approved by
the Animal Care and Welfare Committee of our Institute. Continuous lighting was
provided throughout the experimental period. Room temperature was gradually
decreased from 32 C on Day 0 to 25 C on Day 21 and was kept constant thereafter.
There were four dietary treatments, each consisting of six replicates. A replicate was
identical to a cage with 10 birds so that each treatment had 60 chicks. Broiler starter
and finisher diets were formulated (Table 1) and used as a control diet (SC 0%).
Whole yeast (WY, SC), SC extract (YE) and SCcell wall (CW) were added to the
control diet to reach 0.5, 0.3, and 0.3% in diets, at the expense of soybean meal,
soybean meal, and corn, respectively. WY, YE, and CW were provided by a
commercial companyB. Choheung Chemical Industrial Co. Ltd., Ansan, Kyunggi—do,
Korea. The colony forming units of WY was counted to be 1.3 1010/g. Feed and

water were provided ad [libitum throughout the experiment that lasted 35 d.

5. Choheung Chemical Industrial Co. Ltd., Ansan, Kyunggi-do, Korea
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BW and Feed Intake Measurements

Birds were group weighedby cage at 1, 21 and 35 d of age. Feed intake was
monitored by cage at 21 and 35 d of age. Feed intake per cage and BW gain per

cage were used to calculate feed/gain ratios.

Collection of Meat and Skin Samples

On the last day of a 35-d feeding trial, one bird from each cage was selected
and euthanized by cervical dislocation. Immediately after slaughter, left and right
breast and drumstick meats with skins on them were sampled. One half of the breast
and drumstick meats sampled were stored at 4 C prior to the measurement of shear
force. The rest of the samples, ie., breast and drumstick meat, and skin samples

were stored at 20 C for the lipid oxidation assay.

Measurement of Shear Force

To measure the firmness of raw and cooked breast and drumsticks, meat samples
were cut into square shape (35 x 25 x 6 mm), and then subjected to the
measurement of shear force. An application of cutting force to the meat samples was
performed using a TA-XT?2 Texture Analyzer equipped with a TA-7
Warner-Bratzler Blade66 Stable Micro Systems Ltd. Surrey, UK (Yoon, 2002).

Maximum shear force (kg) was applied three times (n=3) per sample.

Measurement of TBARS Values

When required for analysis, breast and drumstick meat samples that had been stored
at 20 C were thawed at 4 C, and homogenized. Six sub-samples weighing
approximately 2.5 g each from breast and drumstick samples were weighed into
50-mL screw-capped centrifuge tubes and subsequently incubated at 30 C for O, 3, 6
and 10d. Following incubation, each sub—sample was immediately subjected to
malondialdehyde acid (MDA) assay for measuring the extent of lipid oxidation. MDA,
a secondary oxidation product, was determined (Sushil and Meliss, 1997). The
amounts of 2-thio—barbituric acid-reactive substances (TBARS) were expressed as

mg MDA per kg of sample. measurement of oxidative stability in skin samples was
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the same as outlined for breast and drumstick samples except for the homogenization
step. Intact skin samples were incubated from O to 10 d. Immediately after incubation,
skin samples were homogenized? Polytron PT-MR 2100, Switzerland bv Kinemacia
AG. with 6 mL of 20% trichloroacetic acid and further processed as described above

in order to measure the TBARS value.

6 Stable Micro Systems Ltd. Surrey, UK
7 Polytron PT-MR 2100, Switzerland bv Kinemacia AG
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Measurement of Ileal Mucosa

At 21 d of the feeding trial, one bird from each cage was euthanized by cervical
dislocationto sample 5 cm of the middle ileal segment. They were fixed immediately
in formalin for the measurement of villus height and crypt depth, which wasalso used
to calculate villus height/crypt depth ratio (VCR). Samples that fixed in formalin
were dehydrated with an alcohol-xylene sequence, and embedded in paraffin.
Five-micrometer slices were prepared and stained with hematoxylin—eosin. Villus
height (m) and crypt depth (m) from each slice were measured in approximately 59

microscopic fields by using an image analysis system.

Statistical Analysis

All data were evaluated by one-way ANOVA using the GLM procedure (SAS,
2000). Significant differences of mean TBARS values among dietary treatments were
analyzed by repeated measures and Tukey test in the GLM procedure. The level of

statistical significance was pre-set at P <0.05.
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RESULTS AND DISCUSSION

Growth Performance

The results of feeding WY, YE and CW on the growth performance of broiler
chicks areshown in Table 2. During 0-3 wk of age, a significantly lower feed/gain
ratio (P=0.05) was observed in CW-fed birds compared to the control, while WY~
and YE-fed birds showed intermediate values. BW gain was not significantly
different among all treatments. During 4-5 wk of age, the BW gains in WY- and
CW-fed birds were higher (P=0.05) than those of the control birds, andBW gain in
YE-fed birds was intermediate. The birds fed CW in 0-3 wk of age and WY in 4-5
wk of age showed significantly improved feed/gain ratio compared to the control, and
this difference disappeared during 0-5 wk of age

In agreement with our study, Onifade et al. (1999) reported that SCimproved
feed/gain ratio, and BW gain. Valdivie (1975) reported that feed/gain ratio at 0-9 wk
of age was improved significantly as the SC level in the diets increased in broiler
chicks. SC also decreased the colonization of E. coli and increased Lactobacillusin the
chicken gut (Sun and Li, 2001). SC reduced the frequency of Salmonella colonization
in broiler chickens with or without transport stress (Line, et al., 1997, 1998). SC cell
wall andSC var boulardii decreased goblet cells per millimeter of villus height, crypt
depth and increased villus height (Bradley et al., 1994; Santin et al., 2001). Several
workers (Valdivie, 1975; Oyofo et al., 1989; Newman, 1994; Spring et al., 2000)
reported that SC improved the efficacy of the immune system, improved intestinal
lumen health and increased digestion and absorption of nutrients which resulted in

better performance.

Shear ForceMeat

The effects of yeast (SC) components on shear force in both raw and cooked
breast and drumstick meats were shown in Table 3. There was no significant

difference in shear force in raw breast meats among all treatments; however, in raw
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drumstick meats, it decreased significantly (P=0.05) in WY compared to control, and
YE and CW were intermediate. For cooked meat, the shear force in both breast and
drumstick meats in WY and YEfed birds decreased significantly (P=0.05) when
compared to the control.

Tenderness 1s the sum of the mechanical strength of skeletal muscle tissue after
rigor mortis, and the weakening of the structure during the post-mortem storage
(Takahashi, 1996). It is the most important textural characteristic of meat and has
the greatest influence on consumer preference. The meat tenderness can be estimated
by measuring the shear force, the lower the tenderer. Our study suggests that the
dietary supplementation of SC could improve meat tenderness of broilers, although

the underlying mechanism(s) is not readily understood.

TBARS Values of Meat and Skin

In breast meats, up to 6 d of incubation, there were no significant differences in
TBARS values (P>0.05) among four treatments (Figure 1). At 10 d of incubation,
however,values of WY, YE, and CW were significantly lower (P=0.05) than those of
the control. During 10 d of incubation, TBARS values were not significantly different
among WY, YE, and CW (P>0.05).

Up to 3 d of incubation, no significant difference was found in TBARS values of
drumstick meats among four treatments (Figure 2). At 6 and 10 d of incubation,
TBARS values were significantly lower (P=0.05) in WY and YE than those in the
control, but were not different form CW.

There were no significant differences in skin TBARS values before 6 d of
incubation among four treatments (Figure 3). At 6 d of incubation, TBARS values
were significantly lower (P=0.05) only in YE than that in the control. At 10 d of
incubation, TBARS values were significantly lower (P=0.05) in YE and CW than that
in the control.

The results (Figures 1, 2, and 3) provide the evidence that supplementation of
SCto a corn-soybean meal base control diet could improve oxidative stability of
broiler meat. It may indicate that there are some antioxidant factors in SC,or SC may
make the meat contain less oxidative fat (or fatty acids). Several researchers have

reported that there are some antioxidant factors in SC, such as glucose tolerance
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factor fractions (acts as an antioxidant Ampel et al., 2000), and copper-zinc
superoxide dismutase (acts as oxidation-retarding factor Meyer et al., 1994). The SC
cell wall, which contains -glucan, carboxymethylglucan, mannans, and some
proteinous substances, was reported to display relatively good antioxidative properties
(Ferenfkk, et al.,, 1986 Patchen et al., 1987; Real, et al., 1992; Hofer, 1995; Liu et al.,
1997, Babincov, et al., 1999; Tsiapali et al., 2001), the water-soluble derivatives of
—glucan (glucan sulphate and glucan phophate) were the most effective free radical
scavengers (Krikov et al., 2001)

Figures 1, 2 and 3 show that the rateof oxidation was the same in all treatments at
the early stage of incubation. However, the oxidation rates were reducedin WY, YE
and CW compared to the control at the later stage of incubation, indicating that
meats from chicks fed SC contain less oxidative fat (or fatty acids). If an antioxidant
from SC could retard the oxidation rate, the graphs should show different patterns at
the early stages of incubation. At present, a clear explanation for an antioxidant
effect of SC is not available, but it may well be that the oxidative fat or fatty acids
content 1s different between SC-fed and control birds. Some investigators reported
that lipid deposition in broiler chicks (Akiba et al, 1982; Bolden et al, 1984,
Mendonca et al., 1984; Takahashi and Jensen, 1984) or in laying hens (Akiba et al.,
1983; Bolden and Jensen, 1985; Brenes et al., 1985, Takahashi and Jensen, 1985) fed

yveast diets was significantly less than that in chicks fed a corn—soybean meal diet.

Ileal Mucosa Development

The effects of WY, YE and CW on the ileal mucosa development in 21 d-old male
broiler chickens are shown in Table 4. Villus height was significantly longer in WY -
and CW-fed birds (P=0.05) compared to those I n control and YE-fed birds. No
significant differences were found in crypt depth among four treatments. The VCR in
WY- and CW-fed birds were significantly larger than that of the control and YE-fed
birds (P=0.05).

Changes 1in intestinal morphology such as shorter villi and deeper cryptshave been
associated with the presence of toxins (Yason et al., 1987). A shortening of the villi
decreases the surface area for nutrient absorption. The crypt can be regarded as the

villus factory, and a large crypt indicates fast tissue turnover and a high demand for
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new tissue (Yason, et al.,, 1987). Histological examination reveals the crypts to be the
place of epithelial regeneration (Paulus et al., 1992). Additionally, several workers
found a close correlation between the depth of the crypt and the proliferation rate of
epithelial cells (Hampson, 1986; Jin, et al., 1994; Brunsgaard, 1998; Yasar and Forbes,
1999). The number of proliferations and the epithelial cell turnover have great impact
on the protein and energy requirement of the small intestinal mucosa (Simon, 1989).

In the present study, the longer villus and larger VCR were observed in CW- and
WY -fed birds as compared with the control and YE-fed birds. This observation may
partly explain the growth promoting effect of yeast cell wall. Santin et al. (2001)
reported very similar results in that cell-wall component of SCadded at the level of
0.2% 1n broiler dietssignificantly increased BW gains with a reduction in crypt depth
and an increase in villus heigh.

Yeast cell wall is composed predominantly of complex polymers of -glucans,
-mannans, mannoproteins and a minor component of chitin. The mannans and
mannoproteins represent 30-40% of the cell wall and determine the cell surface
properties (Smits et al.,, 1999). Pathogens with the mannose-specific Type-1 fimbriae,
such as E. coli and Salmonella, are attracted to the mannans and readily bind with
the carbohydrate instead of attaching to intestinal epithelial cells and, when
pathogenic bacteria bind to mannans, they cannot colonize the intestinaltract and
instead are moved through the intestine (Spring et al., 2000).

This experiment appears to provide the evidence that feeding of SC cell
components to broiler chicks could improve growth performance,meat tenderness and
the oxidative stability of meat. It i1s yeast cell wall, not yeast extract, that could

improve ileal mucosa development of broiler chick.
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Table 1. Composition of the basal diet'

Ingredients Starter (0-3wk) Finisher (4-5wk)
Corn (%) 59.26 64.63
Soybean meal (44 %) (%) 20.52 18.92
Corn gluten meal (%) 9.43 7.17
Rapeseed meal (%) 5.00 3.00
Soybean oil (%) 2.00 3.00
Tricalcium phosphate (%) 1.78 1.27
Limestone (%) 0.88 1.08
Salt (%) 0.40 0.40
DL-methionine (50 %) (%) 0.34 0.16
L-lysine HCI (%) 0.19 0.17
Vitamin premix2 (%) 0.10 0.10
Mineral premix’ (%) 0.10 0.10
Total (%) 100.00 100.00
Calculated Compositionx

ME (kcal/kg) 3,100 3,200
CP (%) 21.50 19.00
Ca (%) 1.00 19.00
Available P(%) 0.45 0.35
Methionine (%) 0.50 0.38
Lysine (%) 1.10 1.00

1 The four experimental diets were as follows.
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Control diet: 0% S. cerevisiae WY: 0.5% whole yeast (S. cerevisiae) at the expense of soybean meal
YE: 0.3% yeast extract at the expense of soybean meal CW: 0.3% yeast cell wall at the expense of corn
2 Supplied per kiloram of diet: vitamin A, 5,500 IU; vitamin D3, 1,100 IU; vitamin E, 11 IU; vitamin B12, 0.0066mg; riboflavin, 4.4mg; pantothenic
acid, 11mg; choline chloride 220mg; menadione, 1.1mg; folic acid, 0.55mg; pyridoxine, 2.2mg; biotin, 0.11mg; thiamin, 2.2mg; ethoxyquin, 125mg.
3 Provided ( mg/ kg of diet): Mn, 120; Zn, 100; Fe, 60; Cu, 10; I, 0.46 and Ca, min: 150, max: 180




Table 2. Effect of yeast (S. cerevisiae) components on growth performance of male broiler chicks

ltem Treatments'

Control WY YE Cw
0-3 wk
BW gain, g/bird 621+ 347 639+30 652+30 636+14
Feed intake, g/bird 1002+49 999+59 1013+£39 951439
Feed/gain 1.62+0.08" | 1.56+0.08" | 1.55+0.06" | 1.49+0.04°
4-5 wk
BW gain, g/bird 999+42° 1082+51° 1034+ 47 1073+52°
Feed intake, g/bird 176657 1783+64 1821+£97 1819493
Feed/gain 1.77+0.06* | 1.65+0.09° | 1.76+0.07" | 1.70+0.07*
0-5 wk
BW gain, g/bird 1550+51° 1617+45° 160819 1623+25°
Feed intake, g/bird 2689+95 2680+131 2755112 2682+92
Feed/gain 1.74+0.06 1.66+0.06 1.71+0.06 1.65+0.05

a-bMeans in a row with no common superscripts differ significantly (P<0.05).

1Refer to Table 1.

2Values are expressed as means (SD) of six replicates per treatment.
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Table 3. Effect of yeast (S. cerevisiae) componentson shear force of male broiler meat

Treatments'

Meats Control WY YE CW

--------------- Shear force (kg) --------------
Raw meat
Breast 6.18+1.23 5.73+0.64 5.45+0.28 6.14+0.43
Drumstick 6.19+0.12° 5.54+0.24° 5.67+0.41"° | 5.83+0.30°
Cooked meat
Breast 5.73+0.19* 5.35+0.26" 5.30+0.25" 5.61+0.20™
Drumstick 6.09+0.27"* | 5.43+0.28" | 5.66+0.27" | 5.82+0.14*

a-bMeans in a row with no common superscripts differ significantly (P=0.05).
1 Refer to Table 1.

2 Values are expressed as means (SD) of six replicates per dietary treatment

Table 4. Effect of dietary yeast (S. cerevisiae) components on ileal mucosa development

in 21 d-old male broiler chicks

Treatments' Villus height (ym) Crypt depth (m) VCR?
Control 396.87+30.62"° 44.0145.73 9.16+1.53"
WY 430.67+18.30° 39.42+6.87 11.28+2.46"
YE 402.14+19.66" 40.79+4.08 9.90+0.63°
CW 436.95+24.60" 36.39+6.61 12.3242.16°

a-bMeans in a column with no common superscripts differ significantly (~=<0.05).
1Refer to Table 1.
2VCR: villus height/ crypt depth ratio

3Each value is the mean SD of 59microscopic fields per segment with 6 birds per treatment
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Figure 1. Effects of yeast (S. cerevisiae) components on TBARS values of breast. All data points are mean
TBARS values from 6 replicates SD (a’b P<0.05). WY: whole yeast (0.5%); YE: yeast extract (0.3%); CW:
yeast cell wall (0.3%)
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Figure 2. Dietary yeast (S. cerevisiae) components on TBARS values of drumstick. All data points are mean
TBARS values from 6 replicates SD (a’b P<0.05). WY: whole yeast (0.5%); YE: yeast extract (0.3%); CW:
yeast cell wall (0.3%)
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Figure 3. Dietary yeast (S. cerevisiae) components on TBARS of skin. All data points are mean TBARS
values from 6 replicates SD (a’bPS0.0S). WY: whole yeast (0.5%); YE: yeast extract (0.3%); CW: yeast cell
wall (0.3%)
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Amino acids have extensive industrial applications including as nutrients and
food additives in bakeries and food industries.]) Threonine is an essential but limited
in animal feed and human food. To accomplish the demand for the amino—acid
overproduction, isolation of Saccharomyces cerevisiae mutants has been studied.2)
Mutants resistant to a toxic analog have the ability to regulate the synthesis of
amino acids. Thus, several amino acid analogs have been used to isolate mutants
overproducing specific amino acids.2-4) Hydroxynorvaline (-amino—--hydroxyvaleric
acid) is a threonine analog known to inhibit the cell growth because its chemical
structure mimics threonine and hinders the activity of the threonine
feedback-inhibited enzymes in biosynthesis of the amino acid.2) Therefore, it has
been widely used to i1solate mutants which overproduce threonine. In
hydroxynorvaline-resistant mutants, one of the threonine-sensitive enzymes has
become insensitive to the feedback control by the amino acid and, as a consequence,
the mutants overproduce threonine and excrete it into the medium.

The purpose of the study was to generate mutants overproducing threonine by
UV mutagenesis of S. cerevisiae. Wild-type S. cerevisiae X2180 (MATa) was
obtained from KCTC (Korea Collection for Type Culture, KCTC 1814, ATCC 26787).
Sensitivity to hydroxynorvaline of wild-type cells and the concentration of
hydroxynorvaline for the isolation of threonine-overproducing strain were examined
by minimum inhibition concentration (MIC) test. S. cerevisiae X2180 cells grown on
SD minimal medium (0.17% yeast nitrogen base without amino acids and ammonium
sulfate and 2% glucose) containing 0.023% proline as a sole nitrogen source were
mixed with 1% soft agar and overlaid on the SD minimal plate containing 0.023%
proline. The discs containing different concentrations of hydroxynorvaline were placed
on top of the agar layer containing cell culture, and growth inhibition by
hydroxynorvaline indicated by halos was observed. Based on the MIC test results
(Fig. 1), 10 mM of hydroxynorvaline was used as the optimal concentration for the
1solation of threonine-overproducing strain.

To generate mutants overproducing threonine, UV mutagenesis (254 nm, XL-1000
UV Crosslinker, Spectronics Co., Australia) was employed due to its easy and safe
procedures. The condition of UV i1rradiation for mutagenesis was determined by
examining the survival rate of cells irradiated at different energy level (Fig. 2). S.

cerevisiae cells in log-phase were irradiated with UV at different energy level and
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plated onto YPD rich plate (1.0% yeast extract, 0.5% peptone, and 2% glucose). The
colonies grown on the plate were counted to determine the survival rate. Energy of
500 Jm-2was applied for UV mutagenesis because the energy required to kill 50% of
cells is the best condition for UV mutageneis.5) To isolate threonine-overproducing
strain of S. cerevisiae by UV mutageneis, hydroxynorvaline-resistant mutants were
screened. A total 6 x 107 yeast cells in log—-phase were irradiated at 500 Jm-2 and
plated on the SD minimal plate containing 10 mM hydroxynorvaline. Colonies (195)
grown on the selection plate were streaked onto YPD and SD minimal media, among
which 85 colonies growing well on both YPD and SD minimal plates containing
0.023% proline were selected. Based on TNBS assay, 6) which determines the
available amino group concentration, four different colonies were chosen. To
determine the content of threonine, the mutant cells were harvested, and the crude
cell extracts were prepared to examine the amount of threonine in intracellular amino
acid pool as follows. The cells were re-suspended in lysis buffer and vortexed using
glass beads, and the cell debris was removed by centrifugation. Culture supernatant
was also lyophilized to determine the amount of extracellular threonine composition.
Amino acid analysis was performed by HPLC (Waters Co., Milford, MA, USA) after
hydrolysis in constant boiling HCl at 110°C for 24 h, and the amount of threonine
was determined using Pico-Tag detector system. The results ofthe amino acid
analysis of the samples selected (data not shown) showed that the extracellular
content of threonine in the mutant T5-1 (1.6 g/mL) increased 66% in culture
supernatant, whereas the intracellular threonine pool of the mutant did not increase
significantly. This indicates that the content of threonine overproduced by the mutant
THh-1 was excreted into the medium. We also confirmed that the mutant T5-1 was
resistant to 10 mM hydroxynorvaline (Fig. 3) and could grow in the medium
containing morethan 50 mM hydroxynorvaline, which indicate that feedback inhibition
by threonine in cells could be hindered completely. In summary, we i1solated a mutant
overproducing threonine extracellularly, and results reveal that 1isolation of

threonine-overproducing mutant by UV mutagenesis is a simple and efficient method.
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Figure Legends

Fig. 1. Sensitivity of wild type yeast cells to hydroxynorvaline.

The wild type yeast cells (Saccharomyces cerevisiae X2180) in log-phase were mixed with 1% agar
and poured on the SD minimal plate (0.17% yeast nitrogen base without amino acids and ammonium
sulfate and 2% glucose) containing 0.023% proline. The discs containing different concentrations (0,
1, 2.5, 5, 10 mM) of hydroxynorvaline were placed on the top agar layer containing yeast cells and

growth inhibitionsby hydroxynorvaline were examined.

- 150 -



100
+
N 3
=
3 O .
3 .
o
20
0

200 A00 B00 800 1000
Uv energy (J-m™%)

Fig. 2. Survival rate of yeast cells by UV irradiation.
The wild type yeast cells (Saccharomyces cerevisiae X2180) in log-phase were irradiated with UV at
differentlevels of energy (50, 100, 200, 500, 1000 Jm-2), and plated onto YPD rich plate (1.0% yeast

extract, 0.5% peptone, and 2% glucose). The survival rate was calculated by counting the colonies on

the plate.
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Fig. 3. Resistance of mutant T5-1 to hydroxynorvaline.
Saccharomyces cerevisiae wild type and mutant T5-1 were mixed with 1% agar and overlaid on the

SD minimal plate containing 0.023% proline. The discs containing 10 mM hydroxynorvaline were

placed on the top of agar layer containing yeast cells. ( Left : wild type, Right : mutant )
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ABSTRACT : An experiment was conducted to investigate whether Saccharomyces
cerevisiae(S. cerevisiae) could improve the growth performance and meat quality of broiler
chicks. Day old 160 male broiler chicks were fed one of the two experimental diets without
(0.0 %) or with S. cerevisiae (3.0 %) for five wks. Each treatment consisted of eight cages
with 10 chicks per cage. Feed and water were provided ad [ibitum. Although not
significant, BW gains of S. cerevisiae fed chicks tended to increase during 45 wk of age.
The addition of S. cerevisiae into the control diet significantly lowered the shear force in
raw drumstick meat (P<0.05). After 10 d of incubation, significantly lower levels of
oxidation products were found (P<0.05) in drumstick meats and skin samples from broiler
chicks fed diets enriched with S. cerevisiae compared to those of the control group, while
in breast meats the significant difference was monitored after 6 d of incubation. It is
concluded that dietary S. cerevisiae could improve the tenderness and oxidative stability
of broiler meats.

(Key words: S. cerevisiae, growth performance, meat tenderness, oxidative stability,

broilers)
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INTRODUCTION

Yeasts are single celled, heterotrophic organisms that exist in a wide range of
habitats. Yeasts in the genus Saccharomyces are among the most useful
microorganisms. Various strains of Saccharomyces cerevisiae (S. cerevisiae) have
been used in food and brewing industries. In addition, S. cerevisiae has long been fed
to animals as a feed additive.

Recently, interest in meat quality has arisen by the need to supply the consumers
with a consistent, high quality product at an affordable price. It i1s known that taste
and sensory characteristics of meat can be influenced by diet, and a few literature
data (Akiba et al., 2001; Lee et al., 2002) showed that enrichment of diets with yeast
could favorably improve broiler meat quality. For example, edible meats from broiler
chicks fed a diet containing S. cerevisiae exhibited increased tenderness (Bonomi et
al., 1999), and increased water holding capacity (Lee et al., 2002). The effect of S.
cerevisiae supplementation on oxidative stability of chicken meat was not extensively
studied albeit there are indicatives (Meyer et al., 1994, Ampel et al., 2000) that S.
cerevisiae may possess antioxidant property.

During the past five decades, the growth performance of broilers has improved
tremendously owing to the development of nutrition and genetics. Today, however,
the broiler industry must focus more attention on public concerns such as
environment and food safety. Thus, the poultry industry must develop alternatives to
antibiotics growth promoters to maintain efficient poultry production and produce safe
poultry products. In this regard, probiotics such as yeasts could be the most
promising alternatives to antibiotics.

The present experiment was conducted to evaluate the effects of dietary S. cerevisiae

on growth performance and meat quality traits in broiler chicks.
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MATERIALS AND METHODS

1. Animals, Diets and Experimental Design

Day-old 160 male broiler chicks (Ross) purchased from a local hatchery were
randomly housed in wire floored, suspended cages in a temperature controlled room.
Continuous lighting was provided throughout the experimental period. Room
temperature was gradually decreased from 32C on Day 0 to 25C on Day 21 and was
kept constant thereafter. There were two dietary treatments, each consisting of 8
replicates. A replicate was identical to a cage with 10 birds so that each treatment
had 80 chicks. Broiler starter and finisher diets were formulated (Table 1) to contain
either 0 % or 3.0 % yeast (S. cerevisiae, Choheung Chemical Industrial Co. Ltd,,
Ansan, Kyunggi do, Korea) at the expense of soybean meal. The yeast was in a
granular form that contained 45.6 % crude protein, 4.5 % crude fat, and 85 % crude
ash, respectively, according to the manufacturer’s specifications. The colony forming
units of the yeast was counted to be 1.3><1010/g. Feed and water were provided ad

libitum throughout the experiment that lasted 35 d.

2. Body Weight and Feed Intake Measurements
Body weight was measured by cage at 1, 21 and 35 d of age. Feed intake was
monitored by cage at 21 and 35 d of age. Feed intake per cage and weight gain per

cage used to calculate feed/gain ratios.

3. Collection of Meat and Skin Samples

On the last day of 35 d feeding trial, one bird from each cage was selected and
slaughtered by cervical dislocation. Immediately after slaughter, left and right breast
and drumstick meats with skins on them were sampled. One half of breast and
drumstick meats sampled were stored at 4C prior to the measurement of shear force.
The rest of the samples, ie. breast and drumstick meat, and skin samples were

stored at 20T for the lipid oxidation assay.
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Table 1. Composition of the control diet'

Ingredients Starter Finisher
(1~3 wk) (4~5 wk)
Yellow corn (%) 59.742 64.252
Soybean meal (%) 28.26 27.833
Corn gluten meal (%) 6.261 3.00
Soybean oil (%) 2.00 1.828
Dicalcium phosphate (%) 1.762 1.218
Limestone (%) 0.936 1.126
Salt (%) 0.40 0.40
DL methionine (50%) (%) 0.359 0.139
L lysine HCI (98%) (%) 0.08 0.004
Vitamin premix” (%) 0.10 0.10
Mineral premix’ (%) 0.10 0.10
Total (%) 100.00 100.00
Calculated composition
ME (kcal/kg) 3,100 3,100
CP (%) 21.00 19.00
Ca (%) 1.00 0.90
Total P (%) 0.719 0.619
Available P (%) 0.45 0.35
Methionine (%) 0.50 0.38
Lysine (%) 1.10 1.00

" The experimental diets were formulated by adding 3.0% yeast (S. cerevisiae) to the control diet at the expense of soybean
meal. The yeast was in a granular form which contained 45.6% CP, 4.5% crude fat, and 8.5% crude ash, and its cfu was

1.3x10"%g.

? Provided followings per kilogram of diet: vitamin A, 5,500 IU; vitamin D3, 1,100 IU; vitamin E, 11 IU; vitamin B, 0.0066mg;
riboflavin, 4.4 mg; pantothenic acid, 11 mg (Ca pantothenate: 11.96 mg); choline, 190.96 mg (choline chloride 220 mg);
menadione, 1.1 mg (menadione sodium bisulfite complex 3.33 mg); folic acid, 0.55 mg; pyridoxine, 2.2 mg (pyridoxine hydor-

chloride, 2.67 mg); biotin, 0.11 mg; thiamin, 2.2 mg (thiamin mononitrate 2.40 mg); ethoxyquin, 125 mg.

3 Provided followings mg per kilogram of diet: Mn, 120; Zn, 100; Fe, 60; Cu, 10; I, 0.46 and Ca, min: 150, max: 180.
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4. Measurement of Shear Force

Intact breast and drumstick meat samples were cut into square shape (35x25x6 mm),
and then subjected to the measurement of shear force. An application of cutting force
to the meat samples was performed using a TA XT2 Texture Analyzer equipped with
a TA 7 Warner Bratzler Blade (Stable Micro Systems Ltd. Surrey, England, UK).
Maximum shear force (g) was applied three times (n=3) per sample. Shear force is

expressed as hardness of meat.

5. Measurement of TBARS Values
When required for analysis, breast and drumstick meat samples that had been stored
at 20C were thawed at 4C, and homogenized (PH91, SMT Company, Japan). Six sub
samples weighing approximately 2.5 g each from breast and drumstick samples were
weighed into 50 mlL screw capped centrifuge tubes and subsequently incubated (Sli

600ND, Eyela, Japan) at 30C for O, 1, 3, 6, 10, 15 and 21 d. Following incubation,
each sub sample was immediately subjected to malondialdehyde acid (MDA) assay
for measuring the extent of lipid oxidation. MDA, a secondary oxidation product, was
determined by the method as described earlier (Sushil and Meliss, 1997) with minor
modifications. Each sample was added with 6 mL of 2 9 trichloroacetic acid and
concussed for 5 min. The mixture was then adjusted to become 125 mL with
distilled water and filtered through a Whatman No. 1 filter paper. A 3 mL filtrate
was added with 3 mL of 5 mM 2 thio barbituric acid (TBA) and held at room
temperature in a darkroom for 15 h. The absorption rate of the mixture was then
measured at 530 nm. The amounts of 2 thio barbituric acid per kg of sample. The
measurement of oxidative stability in skin samples was the same as outlined for
breast and drumstick samples except for the homogenization step. Intact skin samples
were incubated from 0 to 21 d. Immediately after incubation, samples were
homogenized (PolytronL PT MR 2100, Switzerland bv Kinemacia AG.) with 6 ml of
20 % trichloroacetic acid and further processed as described above in order to
measure the TBARS values.

6. Statistical Analysis

All data were subjected to one way ANOVA using the GLM procedure (SAS, 2000).

The level of statistical significance was pre set at P<0.05.
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RESULTS AND DISCUSSION

1. Growth Performance

Growth performance from this feeding trial was shown in Table 2. Though not
statistically meaningful, the BW gain tended to improve by the supplement of S.
cerevisiae during the whole period of feeding experiment. Feed intake throughout the
experiment was not affected by dietary treatments. Although not significant, the
feed/gain ratios were lower in birds fed on S. cerevisiae than those of the control.
The feed/gain ratios were improved 2.5 % during 0~3 wk of age, 4.8 % during 4~5
wk of age, and 3.9 % during 0~5 wk of age, compared to the control.

Our study indicates that dietary S. cerevisiae can improve the growth performance of
broiler chicks. Several workers (Valdivie, 1975, Stanley et al, 1993; Onifide et al.,
1999) also reported that the growth rate increased when broiler chicks were fed S.

cerevisiae.

2. Shear Force of Meat

Table 2. Effect of dietary S. cerevisiae on growth performance of broiler chicks

Control 3%

S. cerevisiae

0~3 wk
Body weight gain, g/bird 572.4+37.1" 590.4+43.6
Feed intake, g/bird 931.0+£62.5 934.4+34.3
Feed/gain 1.63+0.10 1.59+0.09

4~5 wk
BW gain, g/bird” 949.7+44.3" 992.9+37.3"
Feed intake, g/bird 1776.7+61.3 1766.1£101.6
Feed/gain 1.87+0.11 1.78+0.10

0~5 wk
Body weight gain, g/bird 1522.1£75.1 1583.0£74.0
Feed intake, g/bird 2707.6+96.5 2700.5+115.2
Feed/gain 1.7840.11 1.71+0.06

MeantSD. ™ P<0.05.
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As shown in Fig. 1, the addition of 3 % S. cerevisiae to a corn soybean meal
control diet lowered shear force in drumstick meat (P<0.05); however, such difference
was not detected in breast meat.

The Warner Bratzler shear force determination i1s a widely accepted method to
determine meat tenderness (Shackleford, et al, 2001). Tenderness is the sum of the
mechanical strength of skeletal muscle tissue after rigor mortis, and the weakening of
the structure during the post mortem storage (Takahashi, 1996). It is the most
important textural characteristic of meat and has the greatest influence on consumer
acceptance of meat. Post mortem aging i1s widely known to improve tenderness. The
amount of collagen in muscle has been used as a measure of muscle desirability or
tenderness. The result (Fig. 1) suggests that the dietary supplementation of S.
cerevisiae increases meat tenderness of broilers, though the reason is not clear. The
probable reason is that S. cerevisiae prevents glycogen loss in drumstick muscle and
so improves meat texture. Likewise, Immonen et al. (2000) reported lower shear force
values in meats of high and intermediate glycogen contents compared to meats of
low glycogen content.

There are some other factors which affect the tenderness. According to Silva et al
(1999), cooking loss and juiciness were significantly (P<0.001) correlated with
tenderness. Many researchers speculated that increased water holding capacity of
meat of high pH contributes to their increased tenderness (Bouton et al., 1971, 1973;
Jeremiah et al., 1991; Purchas, 1990, 1993; Guignot et al., 1994; Dransfield, 1996).
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Fig. 1. Effect of dietary S. cerevisiae on shear force of drumstick and breast meats of broiler chicks (a,b: P<0.05).

3. TBARS Values of Meat and Skin
The effect of S. cerevisiae on oxidative stability in breast and drumstick meats, and

skin samples were shown in Figs. 2, 3 and 4, respectively. Upon incubation, TBARS
values increased gradually in breast and drumstick meats (Fig. 2 and 3) while more
dramatic increase was evident in skin samples (Fig. 4). After 10 d of incubation,
significantly lower TBARS values (P<0.05) of both drumstick meats and skin
samples from broiler chicks fed diets enriched with S. cerevisiae than those from
control chicks. In breast meats, this effect of lowering the TBARS values (P<0.05)
by yeast feeding was monitored after 6 d of incubation.

The results (Fig. 2, 3, and 4) provide the evidence that supplementation of S.
cerevisiae into a corn soybean meal base control diet could increase the oxidative
stability of broiler meat and skin. It may indicate that there are some antioxidant
factors in S. cerevisiae, or S. cerevisiae may make the meat and skin containing less
oxidative fat (or fatty acids). Some researchers reported that there are some
antioxidant factors in S. cerevisiae, such as thioredoxin peroxidase (acts as a
peroxidase), glucose tolerance factor fractions (acts as an antioxidant), copper zinc
superoxide dismutase (acts as oxidation retarding factor) (Meyer et al., 1994; Ampel
et al., 2000, Kim et al., 2001). Many other researchers also back up such view that
S. cerevisiae presents antioxidant properties or some oxidant defense systems (Chen
et al., 1998, Jamieson, 1998; Bastin et al., 2002).
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In contrast to the viewpoint described above, the graphs in Figs. 2, 3, and 4 show
that the speeds of oxidation were the same in both treatments at the early stage of
incubation, but the TBARS wvalues in chicks fed S. cerevisiae did not increase
further, indicating that the further oxidation was not happened. If an antioxidant(s)
from S. cerevisiae contributes to lower the TBARS values, the graph from 3.0 % S.
cerevisiae fed birds would show a sigmoid flexure at the early stages of incubation.
At present, a clear explanation for an antioxidant effect of S. cerevisiae 1s not
available, but it may well be that the oxidative fat or fatty acids content is different
between S. cerevisiae fed chicks and control chicks. Several investigators also
reported that dietary yeast significantly decreased the lipid deposition in both broiler
chicks (Akiba et al., 1982; Bolden et al, 1984; Mendonca et al., 1984, Takahashi and
Jensen, 1984) and laying hens (Akiba et al., 1983; Bolden and Jensen, 1985; Brenes et
al., 1985; Takahashi and Jensen, 1985).

It can be concluded from this experiment that dietary S. cerevisiae at the level of 3.0
% could stimulate growth performance, tenderize meat, and decrease the degree of

oxidation in broiler meat and skin in broiler chicks.
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Fig. 2. Effect of dietary S. cerevisiae on TBARS values of breast meats. All data points are
mean TBARS values from 8 replicates standard deviation (a,b: P<0.05).
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Fig. 3. Effect of dietary S. cerevisiae on TBARS values of drumstick meats.
All data points are mean TBARS values from 8 replicates standard deviation (a,b : P<0.05).
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Fig. 4. Effect of dietary S. cerevisiae on TBARS values of skin. All data points are mean
TBARS values from 6 replicates standard deviation (a,b: P<0.05).
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Isolation of Trp, Thr Overproducing Strain of

Saccharomyces cerevisiae

Abstract

To 1solate a mutant which overproduces threonine and tryptophan,
mutants of Saccharomyces cerevisiae were screened after UV and EMS
mutagenesis. Hydroxynorvaline, a Thr analogue was used for selection of
a Thr- overproducing mutant after UV mutagenesis. Among 31 mutants,
TC 5-1 was selected as the strain candidate, based on amino acid
analysis. TC 5-1 was then treated by EMS mutagenesis for Trp
overproduction. Eight mutants were selected using fluorotryptophan for
Thr and Trp overproducing strains. Amino acid analysis results showed
that TC 6-1 was the best strain since it had the highest amount of Thr

and Trp among mutants.

Key words: amino acid analogue, Saccharomyces cerevisiae, Threonine,

Tryptophan
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45} S Sa
cerevisiae 5 VA& _—ﬂL"ZT‘ MEFS E3 A7 Fo] FaEo] gk (2). &%
= @Ay vEl e o FF Yy ol A3slE &

B dYUtE =
ol7] & Algld % AF} FH Sol HIUFET (3). 579 threonine?qL
tryptophan< 72 Agk ofnj=ito 2 A o F7FH], g T]eAd 59 ol

A3to] A7 Fofoll A wWol AF-85 a1 Yt &% 5 Saccharomyces cerevisiae

= W NF XEF 4G SolAl Bo] AFSEE ERolal AWdA A A2
& BER 7F AT (3) ¥ oln =4k anologueE ©] &AL (4-9) A=A %
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GEENY SHotv|mabs gAY A o RM RS 54 of
W =4kl analogueE ol thsto]l AddAFE zZtes o= Wiiol Utk ol¥ W
of A= 54 ofnliitel gk ofv] =2t analoguet EoHE iAol A 1A
ES WS A W a2 = 54 ofn|Abs tjAlste] € analogues A&
gto] @l A} 55 TS dr o] 232 aRe A¥AEH f!liljr =5
Wdo] A A3 FPsEA FotA Hol AFEEA "ot (9). Wk TEIF 5
7 analogued] tgt A&dS Zt=vhE A2 1 analogued] W-S-3tE ofv =
AhE AL e As 9nlsteE Aol

HE ool A= threonine, tryptophans overproducing3dt= Saccharomyces
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Zb= w5 AW staAl skelth 53] o)n] kAol grRE wAAE X
Saccharomyces cerevisiaeS ©]-83+% 2™ mutagenesis W (12)0.2+= UV
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Ag XY

oy

Z % amino acid analogue? A%

Ao A AFR3F FFE Saccharomyces cerevisiae X2180 mating type
(1)& A& 3 ¥jx]+= SD minimal ¥l #] (0.17% yeast nitrogen base without
amino acids and ammonium sulfate, 0.023% proline, 2% glucose)E A}-&3}31
t}. o} =4t analogueE A A3dH7] 93 tryptophan analogue® &# % indole,
indoleacrylic acid, fluorotryptophan¥} threonine analogue® <& %l serine,
hydroxynorvalined] w3t #9 AIAHES =AHsAT. ouv Ad Ay}
tryptophan analogue®| A= fluorotryptophan, threonine analogue®l| A+
hydroxynorvalineo| Al 3% A7} yelgtonz 2 Agox= o F
analogues Al-&38}3 T}

Thr analogue® minimum inhibitory concentration (MIC) &3

obu] =4t analogue®] W3 TFo sensitivityE =A3l7] 9d  disk
diffusion test ©]-&3}t}. Throl ™3k analogue$! hydroxynorvaline®] MIC
tests= Saccharomyces cerevisae T+E 1% %3 top agar (0.75%) plateoll
paper diskE 292 % 1 mM, 25 mM, 5 mM®e] hydroxynorvaline 30ul %=
paper diskE F&3] AL 32TColA v & A5 AAE dFFo =M
MICE AA st

UV mutagenesis ¥ Thr analogue A 34 T3 screening

olu] =2t analoguedl] AL zZh= FR dF9 AAS 98] B AFA
+ UV ZAFE o] &8k mutation WH S AFE3IATH UV A 2708 AA S
A3 AEE S S 93 Saccharomyces cerevisiae T35 1x10" cell/mL<]

%= (OD=0.5)7} H =5 wj%kst 3 254 nme] UV 33 4 50, 100, 200, 500,
1000 J/m°% ZAFSFATH UV A8 &% 75 10 mM hydroxynorvaline©]
Z3E wfAo st AE wFE AEE o controlZA = UV7ZE XA
w2 ke wild typed &R #FE Bl Ad A% AKo] b
colonyE #8384 enriched medium¢! YPD #®]A]2} minimal medlum‘?l
SD-proline #j=#]oll Z+7} patchste] AEEE vlustoh dFE5E9] Hlau
A, F A A BE QST ME w75 A5t v *.:lé o] o] &3}

ATH.

4
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AAH 759 Trp analogued W3 MIC &=A
79 ASE AXNE =437 98l disk diffusion testE o]-&3FAth. AA
5 1% HE3% top agar (0.75%) plated] paper diskEs <HE2 5, 0.1
=]

, 0.15 mM, 0.2 mM -5 94 fluorotryptophan 30 uLL 2. & paper diskE &=
1A 32°Cel A MFE = A% AA S BEetel MICE S48

JNZ

o

Trp analogue©]| ™3 EMS mutagenesis

AAE TCH5-1 7dFE 0D gy = 1.0 A% HEE vkl 3,000 rpmol A 15
mint YA g & Hird 32 SRTE 3W AFsAT HE Al FH o] 4
W 32 SHFE A EHAA EMS 5% % 158-7F 9841 7] 32 10% sodium
thiosulfateE 2o} &S AA sttt wkSo] X8 HAIFE LA
Feds WY 3a3 STHFTFE 29 AMFHSr AAPE mutantE 2.0 mM
fluorotryptophan analogue ®jA|o] =23}t EMS A8 ¥H #+F+= 2.0 mM
fluorotryptophan®] *¥3t%¥ SD-proline ¥] A o] =%3}¢] analogue A &4
5 A3ty 2 Ao g x2+E EMS AHEl7t HA &2 755 vl A
3t Analogue”} E3SHE vl Ao A ASo] 7}53E colonyS w25 o,
8% 8709 colony+= enriched medium¢! YPD #j#] ¢ minimal medium?¢!
SD-proline HiA| ol Z}7} patchsto] &S5 Bttt A& E9 vl
A¥, F oAl BFE QRS mE A5 A9silt

Amino acid analysis
ARE #FE2FYH A= amino acid® &S FAe7] 9@l HPLC
Pico-tag detection system< ©]-&3te] #4359t =53k 2070 2] o} v = AkS

o]-&3}o] standard curve® %HEo] Thr, Trp2l retention times =43 ¥
T ofu| 4k BA Ao} vlulste] EA St Standard curve® =% ©f
") =2t Asp, Trp, Tyr 0.1%, Y™ A 17 7= 1% =5 AF&83sto] 24 3514
o},

T dAE Aoz Aed #FFE ODgo’t 10 HEF st & 94
w2l & &3l pellets wEletA T B pellet lysis bufferoﬂ HoAz7l &
5 H9 glass beadsE %] vortexingstal YT E Tt A5 HS FHd
intracelluar amino acid 3 &< 43t 2H7+2] A5+ total amino acid &

S 98l 2441 7HE <t 110TC, constant boiling HCIZ * 8 & 43190,
tryptophan®] %S E243517] 93k A3l 34 S %= methanesulfonic acid

& Ahgshan
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HPLCY o]sAo=+= 014 M Sodium acetate buffer(0.5 mL/L TEA, 60
ml/L Acetonitrile with titration glacial acetic acid at pH 5.9)2 A}F-&3}9 2
o gul= 60% AcetonitrileE AFg 3t Columne Waters Pico-Tag
column®.& F7]= 39 mm x 300 mm, ¥YA+= 5 mm ©]t}. Detector=
UV-visible absorbance detector® 3} 254 nmolA =4 3t

Thr analogue®] MIC &3

Thr analogue©] that 23& A3} 25 mM hydroxynorvaline®] &=oA A5
AA N7 FFEEAYG (Fig. 1). wEbA, 2 Ao A= analogue A3 o5
9]  screening<  wild type®] MIC HE=HU & FE<S 10 mM
hydroxynorvalines ©] 83t 0™ o] FEo|A wild types 523 ASA A

s e

UV mutagenesis @ Thr analogue A &4 w3 screening
UV A &S =4 27 (Fig. 2) UV mutagenesis =722 50% =
AP 3= 500 J/m® 2 At th UV Z2AFe] 93] 10 mM hydroxynorvaline©]
E3E A Aol e FRYES FE5F 3L enriched medium®!
YPD ¥ A 2} minimal medium®¢! SD-proline B} X o] Z+Z} patchd}o] F ulj =] o
A EF AAGSET ME 31 7 T oobn Al A Ao o) HE A o
F24 TC 5-15 2433

Trp analogued] W3 MIC A

Trp analogue®] W3r A4 5 (TC5-1)9 sensitivity =4 23 0.1 mM
fluorotryptophan®] s=olA5E A5 AX g7} #2ZH A0 (Fig. 3). whe2kA
2 A& A tryptophan analogue A &4 9 screening< MIC §% ETt}
=2 F%2 2.0 mM fluorotryptophans ©] &3t o™ o] FrolA MA HFF
TC 5-1< 538 45 AAW/E Hebwok (Fig. 3).

EMS A #d Thr Mutant® Trp analogue A 34 T3 screening
AAE #F TC 5-12 455 ethyl methane sulfonate (EMS) mutagenesis=
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23] 24 mutationS Al#A Trp analogued] A FAS 2zt FFZ5 ZolH o
A Thr, Trp FAl°l over-productionst= H%E E3A Ad #F= 7)E3)
a2} s @29 dubA el mutageno Z = EMS, UV FA}, nitrous acid,
diethyl sulfate, N-methyl-N‘-nitrosoguanidine (MNNG) $< & 4 vt
(12). ©] & &% mutationo] 7} ®Wo] A& 9= EMS+ alkylating
agent® DNA 7] #8835} mis—pairE ¥ 27 point mutations & 2 71t}
EMS H# & 34 =W keto forme guanine®] O°Y-%Eol alkylations] ¥ A]
enol form® = FZ7} W3lsA ¥ a2 DNA replication $ cytosinet] Al o]
thymine©] Z %34 9 base pairZ} vF Al "o}t (Fig. 4. &%) (12). EMS A
213 TC 5-1 #F+= 2.0 mM fluorotryptophan®] ¥3t¥ vj x| o] Z=@alo] A
& TFE A e EMS AHE A 252 parent celldl TC 5-1& control
24 vlu At A8 A3 EMS 8ol 93] 2.0 mM flourotryptophan
o] E3H wjx| A ASEo] 753 colonyES Fl5FA o1, o] 52 enriched
medium¢! YPD ¥ %] ¢} minimal medium¢l SD-proline ¥} # o] Z}Z} patchs}
H) sk Atk A3 g = O ‘ﬂ A, 7 Ao A B A
7F w2 8 wE AEste g & HPLCE °] 83ty ofn| =4l #4985
9

stttk E Aol A A3 analogue screening method: mutant® EA

o k1

(o]
-

7] =4k over-producing A1F-E &QlEtr] 913 g w2 A Wy oew

analogue’} XZstd vl A A celle 7]& W o}v]=AF thAl analogue”} T A
i Aboll Tofste] Gl o] A ATE FPstA KA Fo=EH nAEo] A
BdAow ASEA EohA drt (9). Wb analogueZt EFHE HiA oA A&
st a9 AS sl ofv =4S over—producing3FAl T}

Screening® mutant® Trp, Thr &% =A
ARE 8 HE AL dFEFE AGEHE oinxibe FEE
Pico-tag detection method< ©]-&3to] HPLCZ #4138} t}. Analogue plate
ol /] screening @ 870 ¢ mutantE-S HPLCE ofn =4 BXS =& tha] 2%}
A © & screening F Ao 8712 EMS mutant % wild type©l] ¥l Trp, Thr
o] o]l 71 =& TC 6-15 FHE 7= AAGZsAdh 53 AdE dF=
A " mutant®t wild typed] intracellularel ™3t Trp, Thre] = FA
ZA3}+= Table 19} 2t} Mutagenesisol 98] AAE &% w5+ Thro| Trp
Ht}p g34 0 =2 overproduce &< & 5 AJT & Ao A= Thr, Trp &
4 ol =4S overproducing3dtsE FFE Ete] E

AareE FFEREH olE ofvwmite FEEA] ¥u JUE AX - 7hEstel
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A ZAHAE o] & & Aok AAA 53 A dFe A 7 oA Hw
o= Qs JiEE Aol gtk & AFelA Aoz Ak JiddE TC
6-12 Thr@} Trp©] intracelluleroll Al 4.83, 1.85u] z}z} o] A4k HAt}
(Table 1).

HAAE 735 TC 6-19 S EA
n A A= vty o2 {F%7] (lag phase), H57] (exponential
phase), A*4}7] (stationary phase), A2 7] (death phase)9] 4T@A = UH o] A
=, o] T vAEo] TXHor FAste] MAVE MEA FItstE 7]l
A 1AF AR AHE}D Thr, Trpel 7 @8] A== 3o = Aztd . Fig.
5ol A4 B 4 9l %o] wild type?]l S7964% 36 hr, mutant TC 5-1& 42 hr, &3t
Xiﬂ** T+ TC 6-12 54 hr vl A7) =gl UV EMS ¢ 3l
X7} mutation® A A 717 Aoy = o= Qlste] celle] -l
Thr, Trpe accumulation¥ 4 A= 717ke] ¥ HdojF 7] WjE o= AR =T
wild typeol ®H]3} TC 6-12 Thr, Trpe| Z+7Z} 4.83, 1.858) - intracellular

accumulation®] °]FoAH S & 5 A
29k

Thr, Trp= overproducest= &5 w5 B8 37] 9138+ Saccharomyces
cerevisiaeES UVe EMSE mutagenesis 3F & screens} 1t Thr analogue?!
hydroxynorvaline®] UV mutagenesis & Thr overproducing 3}7] 93] A&
3 th 31 mutant T oFR| =4k A1 Aol ofs TC 5-1¢] A=A thA|
Trp overproducing ¢33l EMS mutagenesis 3ttt 8702 mutant”’}
flurotryptophan=- ©]-&3}¢ Thr, Trp& overproduced}t= mutant= 2174 = 3}
o} ofuj =2k AFtel] o] 1 F TC 6-19] HF &5 T2 AAHHA
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Table 1. Amount of Thr, Trp produced by the wild type and mutants

(unit : pg/DCWng)

Intracellular accumulation in the cell Ratio of Mutant/Wild
cell Threonine Tryptophan Threonine Tryptophan
Wild, S7964 0.12 0.07 - -
TC 6-1 0.58 0.13 4.83 1.85
TC 6-2 0.10 0.03 0.83 0.43
TC 6-3 0.21 0.19 1.75 2.1
TC 6-4 0.12 0.09 1 1.28
TC 6-5 0.33 0.10 2.75 1.43
TC 6-6 0.14 0.16 1.16 2.28
TC 6-7 0.25 0.14 2.08 2
TC 6-8 0.12 0.09 1 1.28
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Figure Legend

Fig. 1. Sensitivity of wild type yeast cells to hydroxynorvaline.

The wild type yeast cells (Saccharomyces cerevisiae X2180) in log-phase
were mixed with 1% agar and poured on the SD minimal plate (0.17% yeast
nitrogen base without amino acids and ammonium sulfate and 2% glucose)
containing 0.023% proline. The discs containing different concentrations (0, 1, 2.5,
5, 10 mM) of hydroxynorvaline were placed on the top agar layer containing
yeast cells and growth inhibitions by hydroxynorvaline were examined.

A ;control, B; 1 mM, C; 25 mM, D ; 5 mM
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Fig. 2. Survival rate of yeast cells by UV irradiation.

The wild type yeast cells (Saccharomyces cerevisiae X2180) in log—phase
were irradiated with UV at different levels of energy (50, 100, 200, 500, 1000
]/m2), and plated onto YPD rich plate (1.0% yeast extract, 0.5% peptone, and
2% glucose). The survival rate was calculated by counting the colonies on the

plate.
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Fig. 3. Resistance of mutant TC 5-1 to fluorotryptophan.

Saccharomyces cerevisiae mutant TC 5-1 was mixed with 1% agar and
overlaid on the SD minimal plate containing 0.023% proline. The discs containing
fluorotryptophan were placed on the top of agar layer containing yeast cells.

A ; control, B ; 0.1 mM, C ; 015 mM, D ; 0.2 mM
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Abstract

To 1solate a mutant which overproduces tryptophan, mutants of
Candida rugosa were screened after EMS mutagenesis. Fluorotryptophan,
a Trp analogue was used for selection of a Trp-overproducing mutant
after mutagenesis. Among 50 mutants, several candidates were selected
based on intracellular trptophan content. Amino acid analysis results
showed that C3 was the best strain since it had the highest amount of

Trp among mutants.

Key words: amino acid analog, Candida rugosa, tryptophan,

EMS mutagenesis
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Introduction

Amino acids have extensive industrial applications including as
nutrients and food additives in bakeries and food industries (Farfan and
Calderon, 2000). Tryptophan is an essential but limited in animal feed and
human food and it is one of the amino acids commercially produced by
fermentation using genetically modified organisms. Many studies have
been reported on mutants of bacteria to produce tryptophan (Karahashi et
al, 87; Terasawa et al, 90; Tsunekawa et al, 92). Yeasts such as
Saccaromyces cerevisiae and Candida also have been used for the
production of tryptophan (Moller 94; Xiu et al 97).

The regulation of amino acid biosynthesis can be studied by the use
of amino acid analogues to select mutants which are altered in their
ability to regulate the synthesis of the natural amino acid (Arfin and
Gantt 83, Martinez-Force and Benitez 92). Isolation of mutants resistant
to amino acid analogue is a likely source of amino acid overproducers
(Alix 82). Thus, several amino acid analogs have been used to isolate
mutants overproducing specific amino acids (Ramos and calderon, 92;
Riccardi et al 81; Martnez-Force and Benitez 92). Fluorotrptophan is a
tryptophan analog known to inhibit the cell growth because its chemical
structure mimics tryptophan and hinders the activity of the tryptophan
feedback-inhibited enzymes in biosynthesis of the amino acid (Ramos and
calderon, 92).

Although i1solation of Saccharomyces cerevisiae mutants have been
extensively studied, there are few studies on other yeast such as Candida
rugosa. Therefore, the purpose of the study was to generate mutants

overproducing tryptophan by EMS mutagenesis of Candida rugosa.
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Materials and Method

Strainandculturecondition

Wild-type Candida rugosa was obtained from KCTC (Korea
Collection for Type Culture, KCTC 7711, ATCC 20306). Cultivation was
carried out with YM broth. YM broth contained yeast extract (3g), malt
extract (3g), peptone (5g), and dextrose (10g) per liter. For solid media,
20g agar was added per liter. For screening of mutants, SD minimal
medium (0.17% yeast nitrogen base without amino acids and ammonium
sulfate and 2% glucose) containing 0.023% proline as a sole nitrogen
source was used. Shake flask experiments were performed at 24°C and

130 rpm on a shaker.

Measurement of minimum inhibitory concentration (MIC) against
Trp analogue

Sensitivity to fluorotryptophan of wild-type cells and the concentration
of fluorotryptophan for the isolation of tryptophan—overproducing strain
were examined by minimum inhibition concentration (MIC) test. Candida
rugosa cells grown on with 1% soft agar and overlaid on the SD
minimalplate containing 0.023% proline. The discs containing different
concentrations (0.015 mM, 0.025 mM, 0.05 mM, 01 mM, 0.2 mM,
0.25mM, 0.5mM, 5mM) of fluorotryptophan were placed on top of the
agar layer containing cell culture, and growth inhibition by

fluorotryptophan indicated by halos was observed (Fig. 1).

EMS mutagenesis and screening of mutants

Candida rugosa cells grown (1x10" cells/ml, OD=0.5) were centrifuged at
3000 rpm for 10 min and washed with sterile distilled water. After repeated
washing, cells were resuspended in the sterile distilled water and treated
with 4% EMS for 10 min, which was established by preliminary
experimental results (data not shown). After treatment, the reaction was
stopped by the addition of 10% sodium thiosulfate, and then centrifuged at
14,240 g for 1 min. Precipitate was washed with sterile distilled water twice

and cells were spread on SD-proline medium containing 2 mM
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fluorotryptophan. Fifty colonies grown on the selection plate were streaked
onto YM and SD-proline minimal media, and among which 4 colonies

growing well on both YM and SD-proline minimal plates were selected.

Aminoacidanalysis

To determine the content of tryptophan, the mutant cells were harvested
using centrifugation. To examine the amount of tryptophan in intracellular
amino acid pool, the cells were re-suspended in lysis buffer and lysised
using bead beater with glass beads. Amount of free tryptophan in lysis
mixture was determined using HPLC (Waters Co., Milford, MA, USA) with
a Pico-Tag detector system. Amino acid standard mixture was used for the
quantitative analysis (Fig. 2). For total tryptophan amount of harvested
cells, harvested cells were treated with 4 M methanesulfonic acid at 110°C

for 24 h and its tryptophan amount was determined.

ResultsandDiscussion

Toxic amino acid anlaogues are known to block essential functions of
amino acids in cells (Rincon and Benitez 01). Use of resistance to these
analogues has led to a method to isolate mutants which overproduce the
specific amino acids (Martinez-Force and Benitez 92;ramirez and benitez
98; Ramirez et al 99). Trp overproducing mutants may overcome the
inhibitory effect of fluorotryptophan due to competition between Trp and
the analogue for the t-RNA binding site (Moller, 94). Sensitivity to
fluorotryptophan of wild-type cells was examined by minimum inhibition
concentration (MIC) test. The discs containing different concentrations of
0.015 mM, 0.025 mM, 0.05 mM, 0.1 mM, 0.2 mM, 0.25mM, 0.5mM, and
5mM of fluorotryptophan were placed on top of the agar layer containing
Candida rugosa cell culture. Growth inhibition by fluorotryptophan
indicated by halos was observed (Fig. 1). Based on the MIC test results,
2 mM of fluorotryptophan was used as the optimal concentration for the
1solation of tryptophan-overproducing strain.

To generate mutants overproducing Trp, EMS mutagenesis was
employed. The condition of EMS mutagenesis was determined by

examining the survival rate of cells treated at different EMS
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concentration. EMS at 3, 4, 5% of concentration was used for 10, 20, 30,
40 min. Preliminary experiments showed that 4% and 10 min was the
best mutagenesis condition (data not shown) based on the survival rate,
where 40% of survival rate was observed.

After treating Candida rugosa cells at 4% EMS for 10 min,
fluorotryptophan-resistant mutants were screened. Colonies (50) grown on
the selection plate were streaked onto both YM medium and SD minimal
plates containing 0.023% proline were selected. To determine the content
of Trp, the mutant cells were harvested, and the crude cell extracts were
prepared to examine the amount of Trp in intracellular amino acid pool.
Amino acid analysis was performed by HPLC (Waters Co., Milford, MA,
USA) using Pico-Tag detector system. HPLC chromatogram of 20 amino
acid standards were shown Fig. 2. The results of the amino acid
analysis of the samples selected showed that the intracellular content of
Trp in the mutant C3, C4, Cl11, Cl12 needs further analysis (Table 1).
Among the mutants, repeated experiments clearly indicated that C3 was
the best candidate strain.

To determine the content of tryptophan, the mutant C3 was grown at
OD=1.0 and harvested using centrifugation. To examine the amount of
tryptophan in intracellular amino acid pool, the cells were lysised using a
bead beater with glass beads. Amount of intracellular tryptophan
increased 1.4-fold compared with the wild type (Table 2). For total
tryptophan amount of harvested cells, harvested cells were treated with 4
M methanesulfonic acid at 110°C for 24 h and its tryptophan amount was
determined. Results indicated that harvested cells had an increase in Trp
content by 1.6-fold (Table 2). The productivity of Trp remains relatively
low compared to the microbial production of other amino acid due to the
complex multiple regulations in the biosynthetic pathway of Trp (Xiu et
al, 97).

In summary, we isolated a Trp-overproducing mutant, C3, selected

using Trp analogue by EMS mutagenesis.
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Table 1. Relative amount of intracellular Trp produced by the wild type

and mutants

peakv area
Strains
Tryptophan
Wild type 1486305
C3 2131689
C4 1753358
C11 1551442
C1l2 1649043
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Table 2. Amount of Trp produced by the wild type and the mutant

(umit :

pgicell culture nl)

Strain Intracellular accumulation in the cell Harvested cell
Wild type 7.28x10° 1.51x10"
C3 9.9x10 2.35x10"
Strain Wild Type C3
accumflrll;?ocrfuiunlashe cell 7.28:10° 9.9x10”
Harvested cell 1.51x10" 2.35x10"
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Figure Legend

Fig. 1. Sensitivity of wild type yeast cells to fluorotryptophan .
A ; control, B ; 0.015 mM, C ; 0.025 mM, D ; 0.05 mM, E ; 0.1 mM,
F; 02 mM, G; 0.25mM, H; 0.5mM, I, 5mM

The wild type yeast cells (Candida rugosa) in log-phase were mixed
with 1% agar and poured on the SD minimal plate (0.17% yeast nitrogen
base without amino acids and ammonium sulfate and 2% glucose)
containing 0.023% proline. The discs containing different concentrations of
fluorotryptophan were placed on the top agar layer containing yeast cells

and growth inhibitions by fluorotryptophan were examined.
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Abstract Among the five consecutive enzymes in the anabolic pathway from
threonine to 1isoleucine in Corynebacterium threonine dehydratase and
acetohydroxy acid synthase are feedback inhibited by isoleucine. Increased
activation of threonine dehydratase in C. lactofermentum ATCC 21799 resulted
in accumulation of 2-aceto—2-hydroxybutyrate (substrate of dihydroxy acid
synthase) and 2,3-dihydroxy-3-methylvalerate (substrate of dihydroxy acid
dehydratase), but not a-keto-butyrate (product of threonine dehydratase and
substrate of acetohydroxy acid synthase). This result suggests that dihydroxy
acid synthase and dihydroxy acid dehydratase must be amplified to obtain

increased isoleucine titer.

Keywords: isoleucine, dihydroxy acid synthase, dihydroxy acid dehydratase,

Corynebacterium lactofermentum
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Introduction

Amplification of a feedback-insensitive homoserine dehydrogenase (HD) gene
(hom™) in a Corynebacterium lysine producer resulted in homoserine
accumulation in the medium (1) (Fig. 1). Expression of hom® and homoserine
kinase (HK) gene (thrB) together improved final threonine titer. Amplified
expression of ilvA with hom™ and thrB produced isoleucine from the lysine
producing C. lactofermentum ATCC 21799 (2) (Fig. 1). Threonine dehydratase
(TD; EC 4.2.1.16) catalyzes the first of five reactions leading from threonine
to isoleucine, and is the only known enzyme specific for isoleucine synthesis
in Corynebacterium (3). K, for threonine was 21 mM, and increased or
decreased to 78 or 12 mM in the presence of isoleucine or valine, respectively
(4).

Catabolic threonine dehydratase (CTD; EC 4.2.1.16) of E. coli is produced in
cells when the organism is grown anaerobically in a medium containing high
concentrations of amino acids and no glucose (5). In contrast to TD encoded
by 1lvA, CTD produced by tdcB is insensitive to inhibition by L-isoleucine
and is activated by adenosine 5’ -monophosphate (AMP) (5). a-Ketobutyrate,
the product of CTD, behaves as an allosteric inhibitor of the enzyme by
causing dissociation of the enzyme into its subunits (6). Our group previously
reported that the concentrations of 1isoleucine and its precursors were
increased by replacing ilvA with tdecB (7).

To identify the rate-limiting enzyme involved in the biosynthesis of
a-keto—-butyrate into isoleucine, the accumulated intermediates of isoleucine in
the recombinants of C. lactofermentum ATCC 21799 were detected. These
results suggest that the amplification of the enzymes utilizing the detected

1soleucine intermediates is required to further increase the isoleucine titers.
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Materials and Methods
Strains, plasmids, and media The bacterial strains and plasmids used are
listed in Table 1 (7, 8). The method of transformation is described elsewhere
(7). The media used in this study were described previously (9). When
appropriate, kanamycin (50 mg/L) and isopropyl--D-thiogalactopyranoside
(IPTG) (50 mg/L) were used. IPTG was added at ~2 g/L of cell mass. The
organisms were cultured aerobically at 30C as 400-mL cultures in 2-L
Erlenmeyer flasks on a rotary shaker at 300 rpm and 1.5-L cultures in a 2-L
fermentor (pH 7.0; dissolved oxygen, 30-40%) (CMF 100, Alfa-Laval/Chemap,

Switzerland).

Enzyme assays. For determination of specific activities, a 50-ml sample of
cells was removed from cultures. Enzyme assays were performed at room
temperature with a Hewlett-Packard model 8452A diode—array
spectrophotometer. Activity of each enzyme was determined by subtracting
absorbance change without substrates from that with complete reaction
mixture. Cell free crude extract was prepared by the following method. Cells
were harvested by centrifugation for 5 min at 3000 g and washed with the
enzyme assay buffer (100 mM Tris-HCl, pH 7.5, containing 20 mM KCIl, 5
mM MnSO, 0.1 mM EDTA, and 2 mM dithiothreitol) (10) at volume equal to
that of the wet cells obtained by centrifugation for 10 min at 10,000 x g.
Resuspended cells were disrupted by French pressure (French Pressure Cell
Press, Sim-Aminco Spectronic Instruments, Rochester, NY) at 100 bar. The
cell debris was removed by centrifugation for 20 min at 47,000 x g. The
supernatant (crude extract) was used as the source of enzyme activity. Crude
extract (20-50 1) was added to 1 ml of the reaction mixture. Protein
concentrations were determined by the Bradford method using bovine serum
albumin as a standard (11).

Activity of HK was determined in terms of the decrease in absorbance at
340 nm due to the oxidation of NADH (12,13). Composition of the assay
solution of HK was 5 mM ATP, 1 mM NADH, 5 mM phospho-enol-pyruvate,
10 mM L-homoserine, 5 1 of pyruvate kinase (10 units per 1-ml reaction
solution; Sigma cat. # P-1506), 2 | of lactate dehydrogenase (17 units per
1-ml reaction solution; Sigma cat. # L-2500), 10 mM MgCl,, 250 mM KCl,
and 125 mM HEPES buffer (pH 7.8).

Homoserine dehydrogenase (HD) activity was determined in terms of the
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decrease in absorbance at 340 nm due to the oxidation of NADPH (e=6220)
(12, 13). The assay solution was composed of 3 mM
DL-aspartate-—semialdehyde (ASA), 0.4 mM NADPH, and 100 mM potassium
phosphate buffer (pH 7.0). ASA was synthesized by the method of Black &
Wright (14). L-Allyglycine (2.3 g; 20 mmoles) was dissolved in 20 ml of 1 N
HCl. Ozone was passed through a fritted glass plug at 0C for 100 min. ASA
(6 mM) was absorbed on a column of cation exchange resin Dowex 50
(hydrogen form, 200 to 400 mesh, 24 x 14 cm). The column was washed
with a large volume of water. ASA was eluted with 4 N HCl. 6 ml fraction
per every 30 min (tubes 6 -9 contained 80%) was collected. ASA was
neutralized with KHCOs3 to 10 mM just before use (T 1/50 dilution)

The activities of threonine dehydratase (TD) and catabolic threonine
dehydratase (CTD) were determined in terms of increase in absorbance at 310
nm due to the formation of a-ketobutyrate. The assay solution for TD was
composed of 40 mM threonine, 1 mM pyridoxal-5-phosphate, 100 mM
potassium phosphate buffer (pH 8.2), and 10 mM a-Kketobutyrate (to inhibit
the activity of CTD) (12). The assay solution for CTD was composed of 0.4
mM AMP, 100 mM threonine, 10 mM isoleucine (to inhibit the activity of
TD), and 100 mM of potassium phosphate buffer (pH 7.4) (15).

Amino Acid and Organic Acid Analyse Amino acids were analyzed as
o-phthaldialdehyde derivatives by reversed—phase chromatography using an
Amino Quant column as described previously (9).

Organic acids were analyzed wusing an Ion Moderated Partition
Chromatography column (Aminex HPX-87H, Bio-Rad, Hercules, CA, cat#
125-0140). The solvent for HPLC was 5 mM sulfuric acid (0.6 mL/min,
isocratic). Organic acids were detected by UV (210 nm) and Reflective Index
detectors. 2-Aceto-2-hydroxybutyrate (AHB) and
2,3-dihydroxy—-3-methylvalerate (DHMV) were identified by measuring
polarities and molecular weights. The polarities of the compounds was
detected wusing the HPLC column, Aminex HPX-8/H column. The
co—cumulated compounds (e.g., isoleucine) were also used for the identification.
The molecular weights were measured using a mass spectrometer (Ciphergen
Biosystems, Inc., Palo Alto, CA).
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Results
To measure the Kkinetics of isoleucine production, C. lactofermentum was
cultivated in a 2-L fermentor. Growth and glucose consumption of the
recombinant (pApe20) (Fig. 2b) were not significantly different from those of
the control (Fig. 2a). The other recombinant (pApel8) (Fig. 2c) grew slowly
by the addition of IPTG.

The control produced lysine (61 mM) and a small amount of isoleucine (3
mM) (Fig. 3a). The recombinant (pApe20) produced threonine (28 mM),
isoleucine (8 mM), lysine (10 mM), glycine (10 mM), and homoserine 8 mM
(Fig. 3b). In this study IPTG was used at 50 mg/l compared to 150 mg/l
used in the previous one. The gene, i[vA, encoding TD was under the control
of trc promoter that was activated by IPTG. The lowered concentration of
IPTG resulted in 1/25 of the previous TD activity (Fig 4b): 1.1 vs. 28
mmole/min . mg protein (7). Therefore, the lowered expression of TD increased
threonine and decreased isoleucine. The counterpart (pApel8) produced
isoleucine (25 mM) and lysine (10 mM), confirming that, for the effective
redirection of carbon flux into isoleucine, deregulation of TD was required
(Fig. 3c). As shown in the case of TD, only 0.7 mmole/min + mg protein of
CTD activity was expressed (Fig. 4c), compared to 30 mmole/min *+ mg protein
of CTD activity of the previous research (7). However, the production of
isoleucine (8 mM or 3.2 g/l) was not significantly different from the previous
one (45 g/l) (7). This result also indicates that CTD was highly efficient
compared to TD for the conversion from threonine into a-keto—butyrate.

Compared to the control, the recombinant (pApe20) produced large
quantities of 23-dihydroxy-3-methylvalerate (DHMYV), the substrate of
dihydroxy acid dehydratase (Fig. 5a and 5b). The increased isoleucine
production by replacement of i[vA with tdcB caused co—accumulation of
2—aceto—2-hydroxybutyrate (AHB), the substrate of dihydroxy acid synthase
(Fig. bc). This result indicates that dihydroxy acid synthase is involved in the

rate-limiting step in isoleucine production in the recombinant (pApel8).
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Discussion
This study focused on the carbon flux from lysine to isoleucine. The
expression of homoserine dehydrogenase and homoserine kinase (Fig. 1)
redirected the carbon flux from lysine to threonine (Fig. 3a and b).
Deregulation of TD by expression of CTD promoted the carbon flux from
threonine to isoleucine (Fig. 3b and c).

Profiles of the enzyme activities of TD and CTD were different (Fig. 4b
and c¢). Because CTD effectively convert threonine into isoleucine, expression
of CTD might cause depletion of threonine, delayed expression of enzymes,
and slow growth (Fig. 2-4).

Both TD and acetohydroxy acid synthase (AHAS; EC 4.1.3.18) are
feedback-inhibited by isoleucine (3) and found to be critical for controlling the
carbon flow to isoleucine (16) (Fig. 1). The recombinant (pApe20) containing
1lVA produced less isoleucine and more threonine than the counterpart
(pApel8) containing tdeB (Fig. 3), indicating that a high titer production of
1soleucine requires deregulation of TD from feedback inhibition by isoleucine.
HK of C. lactofermentum ATCC 21799 is feedback inhibited by threonine (2)
and could cause the accumulation of homoserine (Fig. 3). In addition to
threonine dehydratase, there are two other routes to threonine degradation in
Corynebacterium, both of which lead to glycine; threonine dehydrogenase (EC
1.1.1.129; tdh) and serine hydroxymethyltransferase (EC 2.1.2.1; glyA) (17).
Therefore, accumulation of threonine could result in the production of glycine
from threonine and homoserine by feedback inhibition of HK (Fig. 3).

The second enzyme in the pathway, AHAS, is the first enzyme in a series
of enzymes that catalyze parallel reactions into isoleucine and valine (18), and
is unique in Corynebacterium (19). AHAS is also inhibited by wvaline and
leucine, and its expression is regulated by all three branched-chain amino
acids (18, 19). This enzyme has been shown to be highly inducible in the
presence of its substrate, a-ketobutyrate (19). In spite of the regulatory
characteristic of AHAS in Corynebacterium, a-ketobutyrate was not detected
(Fig. 5). AHAS synthesis in C. glutamicum was previously shown to be
subjected to multivalent repression by all three branched-chain amino acids,
as indicated by the fact that individual starvation of each amino acid resulted
in increased level of AHAS (19, 20). The 10-fold increase in AHAS activity
observed in cultures grown with a-ketobutyrate has been attributed to the

kinetic characteristics of the enzyme;, a lowered K,, for a-ketobutyrate
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compared to pyruvate would lead to a Kkinetic preferential partitioning of
pyruvate to the isoleucine branch. This stripping of pyruvate precursor would
cause valine and leucine deficiencies and derepress AHAS synthesis. The
deficiencies of valine and leucine, in turn, cause the slow growth of the
recombinant (pApel8) (Fig. 2c). This was further supported by the report,
which showed that growth in medium supplemented with a-ketobutyrate leads
to an increased steady-state level of the (lvBNC transcript (corresponding to
AHAS and dihydroxy acid synthase) (21). Therefore, feedback inhibition of
AHAS might be overcome through the inducible nature of this enzyme by its
substrate, a-ketobutyrate.

In this study, we detected DHMV and AHB instead of a-ketobutyrate (Fig.
5). Accumulation of isoleucine by ilvA was coincident with that of DHMV
(Fig. 5). The increased accumulation of isoleucine by tdcB resulted in the
accumulation of AHB (Fig. 5). Isoleucine titer was significantly increased
through replacement of ilvA with tdcB. However, accumulations of AHB and
DHMV in cultures indicate that amplification and deregulation of genes for
dihydroxy acid synthase and dihydroxy acid dehydratase are essential for the

increased isoleucine titer.
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Figure Legends

Fig. 1. Scheme for biosynthesis and feedback regulation of isoleucine in
C. glutamicum. Solid arrows represent direction of preferential synthesis;

dashes represent feed back inhibition. Underlines indicate enzymes.

Fig. 2. Biomass and glucose during fermentations of various C.
lactofermentum ATCC 21799 recombinants. (a) control, (b) recombinant
(pApe20), and (c) recombinant (pApel8). Symbols: (), cell mass (g/1); and (),
glucose (g/1)

Fig. 3. Amino acids during fermentations of various ATCC 21799
recombinants. (a) control, (b) recombinant (pApe20), and (c) recombinant
(pApel8). Symbols: (), lysine; (), threonine; (), isoleucine; (), glycine; and (),

homoserine

Fig. 4. HD, HK, TD, and CTD during fermentations of various ATCC
21799 recombinants. (a) control, (b) recombinant (pApe20), and (c)
recombinant (pApel8). Symbols: (), homoserine dehydrogenase [nmol min '
(mg protein) ']; (), homoserine kinase [nmol min ' (mg protein)']; (), threonine
dehydratase [nmol min™" (mg protein)']; and (),catabolic threonine dehydratase

[nmol min"' (mg protein) ']

Fig. 5. Organic acids during fermentations of various ATCC 21799
recombinants. (a) control, (b) recombinant (pApe20), and (c) recombinant
(pApel8). Symbols: (), aceto-hydroxybutyrate (area/l); and (), dihydroxy

methylvalerate (area/l)
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Table 1. Bacterial strains and plasmids used in this study.

) ) o Source or
Strain or plasmid  |Genotype or description
reference
C. lactofermentum i . i
L-Lysine producing strain, AECR ATCC
ATCC 21799
Plasmids
pEp2 NG?2 ori, Kmr: E. coli-Corynebacterium shuttle vector 8
Kmr laclq trc:tdcB(catabolic threonine dehydratase, not
pApel8 inhibited by isoleucine under the control of #7¢ promotor in|7
pEp2) homdr tac:thrB
Kmr laclq trc:ilvA (threonine dehydratase, inhibited by
pApe20 isoleucine under control of fr¢ promotor in pEp2) homdr|7
tac:thrB

aKmr and Apr indicate resistance to kanamycin and ampicillin, respectively. AECRindicates

resistance to S-2-aminoethyl-L-cysteine, a lysine analog. ATCC American Type Culture

Collection, Rockville,

Md., USA.
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