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Abstract

Rapamycin is a 31-member ring macrolide produced by Streptomyces

hygroscopicus and has many applications in clinical medicine. S.hygroscopicus

isolated from an Easter Island soil sample. This natural product possesses various

bioactivities including antifungal (\ezina et al. 1975), antitumor, immunosuppressant

and extends the life activities (Eng et al. 1984; Sehgal et al. 1994).

This study will develop fermentation process to harvest rapamycin by S.

hygroscopicus. The purposes want to find a better fermentation environment and

fermentation control, and improve product rapamycin. First selected better

fermentation environment from the flask experiment, and then transferred to a 5L

fermentor for fermentation control and monitoring, and to explore and improved.

In flask experiment, the result pointed out glucose was to be carbon source, yeast

extract be nitrogen source, and seed culture time for 48 hours before fermentation,

there will be better of rapamycin production. However, the amino acid added

experiment, added L-Lysine can increase rapamycin production (Cheng et al. 1995),

but in this study didn’t expect the effect to improve production. Guess that medium of

yeast extract may contain L-Lysine, so further to add but will have inhibitory effects.

However, in 5L fermentor found using the two-stage dissolved oxygen control

strategy help to improve the product rapamycin. The yield was reach 288 mg/L,



increased about 177%, compared with control group which concentration of 104 mg/L;
using DO50% high concentration of oxygen control strategy also help to improve the
product rapamycin. The yield was reach 782 mg/L, increased about 652%, compared
with control group which concentration of 104 mg/L.

And found that the pH change is very interesting and very important to produce
rapamycin in fermentation. And bold design a two-stage regulation of pH to ferment
in 5L fermentation. Found that the second phase control to pH 5.5 which can increase
production to 570 mg/L, increased about 448%; enlarged to a 15 fermentor in the
same conditions can increase production to 683 mg/L, increased about 557%.

These results suggest that, in fermentation product formation, oxygen content
change and pH change have relationships very much, so will to in-depth discussion in
the future experiment.

Key words: antifungal ~ Streptomyces hygroscopicus ~ immunosuppressant ~ rapamycin
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2.2 Rapamycin 4 %
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Figure 2 Mechanism of action of rapamycin. Inhibition of mTOR signaling by rapamycin regulates cell proliferation, angiogenesis and cell metabolism.
mTOR, mammalian target of rapamycin; IRS1, insulin receptor substrate-1; PI3K, phosphoinositide 3-kinase; PDK1, phosphoinositide-dependent protein
kinase 1; AKT (PKB), protein kinase B; gpL, GTPase B-subunit-like protein; raptor, regulatory-associated protein of TOR; rictor, rapamycin-insensitive
companion of TOR; deptor, disheveled, Egl-10, pleckstrin (DEP) domain containing mTOR interacting protein; protor, prolinerich protein;
4E-BPs, eukaryotic translation initiation factor 4E-binding proteins; PRAS40, proline-rich AKT substrate of 40kDa; p70S6K, ribosomal p70 receptor; S6K,
S6 kinase; ASK1, apoptosis signal-regulating kinase 1; JNK, c-JUN N-terminal kinase.

B 2-3  ‘wr2 ¢ rapamycin ¥ * 4|+ % B (Sungetal., 2010)

2248 L £ &
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600 x 20 B * s kX R d e 00%4 (AP g > A 5F 60 fk ) &8 > F IR
BB e R 1A% 220 0%chd b0 Ak REaE ERES PR E X R

% & (DavidE.etal., 2009) o
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2.3 rapamycin & = 5

% % j¢_Streptomyces hygroscopicus #t*# ! <17 Rapamycin » 1 #* % 13 5Lat 4k
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@ %o Rapamycin PKS ¢ 7 7 = i % # & «hf% % (RapA, RapB and RapC) ‘=

SR el SR LR FAT Y 0 P A lysine 54 RapL % & ik S
Pipecolate > ¥ # % 14 % RapP ( pipecolate-incorporating enzyme )iz 27+ » &
= 41327k (heterocyclic ring ) » :T% pre-rapamycin - £ 5% post-PKS (Rapl, J, M, N,

0,Q) s#ps3% & = M1& ¥ A& % rapamycin 4o Bl #75+ (Sungetal, 2010) -
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0. <20 Post-PKS tailoring
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Figure 3 Rapamycin biosynthetic pathway. Rapamycin is biosynthesized by post-PKS tailoring steps through pre-rapamycin that is built up by RapA, RapB,
RapC, RapP and RapL.

B 2-4  rapamycin & & g2 8 (Sungetal., 2010)
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2.4.1 LR

LEREET e 0 v‘)]?ep;j BRI TTLRRRAMAS L - FR
He 5 204842 > #>¢ rapamycin sh2 & 2§ §Tet e 34y 8 D-fructose
D(+)nannose - D(+)galactose - i-inositol » D-mannitol > D(+)xylose 4= D(+)cellobiose
= BB A A rapamycin F_fk i <7002 Fructose 1T 5 BB P 045 217 20(g/ L)
= 2 A& rapamycin sh ik &R o B R AR G 0 mannose fik it 0 B fddp )
rapamycin 74 # & & iR~ = & gk k& 5 fructose 20 (g / L) > mannose 5 (g

/L) (Kojimaetal., 1995) -

242 § BB
LFRFET >0 0 F 2 LgJe"g 3 7 ammonium sulfate - ammonium nitrate -
ammonium chloride>urea - potassiumnitrate 7 &2  #+ F T2 R F A F A=A >
# ¥ ¥ 3 ammonium sulfate ¥+ rapamycin 02 & Z 5 F et KA kR ip i
TA0mMM T G iEend & it o i3 147 mg/L (Leeetal., 1997 ) -
A3 % AL (Sehgal etal., 1975) 4 5% & soy meal Jk & % 3 » 20 (g/ L) & &

+ 4 2 kR (Sallametal., 2010) - F

13



2.4.3 Hz‘;ftkﬁfrii,j: b e R

WELE RENIT AR R RTS8 x&;‘;‘jz S 43+ $3T rapamycin § & < 3%
AR REP RS & ¥ FTes (Chengetal., 1995) o X @ 3 1AL i
7 ‘e¥t4 A rapamycin T By 0 B R f e pt 0 3 L-Lysine
L-Tyrosine ~ L-Leucine ~ L-1soleucine ~ L-Serine ~ L-Alanine ~ L-Threonine ~ L-Glutamic
acid ~ L-Ornithine ¥ 18 f& %= fA & » % 3 L-Lysine 7 4% rapamycin 72 2 - 10 (g

IL)% & & N e & & - L -Phenylalanine f= L-Methionine jk & 3 4c j%_0.5 - 10 (g

[L){p &3 F @ ¢ $r4] rapamycin <74 & (Chengetal., 1995) «

2.4.4 54 pH &

R 5
Rapamycin 72 4§13 pH A4 8§ - @ F 5 2 pdp D i e pH 5 6
P T U4 A AERGE chA 4 rapamycin c a4 B IR & S Bk pH ehiE 5 6.3

B4 e pH EA LA < o 4 DT 1A % ek eniei2 (Sallam etal., 2010) -

2.5 % 5 Hok
B - MAs R IR R R 2 AU e R B
FER Pt L LA R B LG o BRS PRAT Sl S AR AL

Bribri AR 2 ek B A e PR

14



2.5.1 Batch
I # 5L & f7batch ;\fEp% > % % 40T #71 o ¥ 00 IR > Rapamycin I 2bg
A2e 2 BB 0 -~ 2 BGR &35 B 0 T E A0 S Rapamycin 2 2 &

o iadFmie iRt ER2 9 (3 > 2001) -

] 2 A0 - 10
e 0 L 100
7 A0 -
a0 L a0
ﬂ].
- 50 L a0
B =" g
= f 1'-')43 g) El.'
= =
E m= e 3
= 21
= Lo
5 a0 1
101 -0 - o
4 i
#0

Tme(s)

B 2-5 5L i& {7 batch s mpkds% @ (3 > 2001)
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2.5.2 Fed-batch

FAL AR A A A E R 1300 kA g g 0 2 F
20— AT R o d R A AR EF H o T 5 £ (DO) g
Frectp § £ & (22 DO 4] 2= fed-batch) » — 408 fE )73 § cnidl v o 94

FEF KRB DB

1:»

F R EE AR - kT Al 0 - fEATanr ] ks
REFZFF AT BV UFRERPER LR -HBREIHPMER > 2
EP Gl pEA T A5 0 MR F 30%:rk T > pH £24] 6.20—6.80 2 [ - 4
B A&7 110 ) pF o B IR ATOA k5L rapamycin A 8 f it E - ] 3
i K k4% F hk (Chenetal, 1998) -

1993 & 3 Q}I%:}ﬁ NAEBARTE AL - F AT LED 190 %3 2

i
o

W A MERRE T s A AT U E P 133 %A R E o Tl 0 T A EH D F LR
BIRE AR AR eFTE AORSEREY DREALE L Y B IR

#3331 Streptomyces hygroscopicus 748kl =c 3 f%42 - A F+ rapamycin £7 &

>

B R EE R G - Rl G

=

B BRF D F PRBRELS - B

=

Sl B AR £ SRR et £ R (%
SR BN T RETE SR TR F PR ERER AR W A
o E% kv &2 A F £ 500 (mg/ L) rapamycin (Chenetal., 2008 ) -
BT § A dp 0 AR S EEAR 0 4 S r oW SR AR 4ot b~ Lolysine ~ g%
akaFk o 28 AR AR AR S T e DR PR B AR T S iy

16



BRI FER R R N 2600 X g s P 30 5 160 /)
pF oo 12 0.17 L/h e & Ak 0 250 g/l ~ KoHPO, 10 g/L > i@ rapamycin shE &

v 2% % 812 (mg/L) (Zhuetal., 2010) -

17



2.6 < J]?eg}_ =8
¥ gkt Ar I rapamycin A @40 4 2-1

% 2-1 égké_fﬁ_%

Comparison of rapamycin production by different strains of S.hygroscopicus under various fermentation processes.

Carbon source Bioreactor Mode Rap titer Time (h) Rap productivity — Refs.

(mg/L) (mg/L h)
Fructose, mannose Shake flask Batch 57 192 0.297 Kojima et al. (1995)
Fructose, mannose Shake flask Batch 134 192 0.698 Chen et al. (1995)
Fructose, mannose Shake flask Batch 97-186 144 0.67-1.29 Lee et al. (1997)
Mannose Shake flask Batch 41.46 168 0.28 Sallam et al. (2010)
Glycerol, fructose 130 L fermentor Fed-batch 110 110 1.0 Chen et al. (1998)
Soluble starch Shake flask Batch 420.0 120 35 Xu et al. (2005)
Soluble starch Shake flask Batch 445.0 120 3.71 Chen et al. (2009)
Glycerol, fructose 5 L fermentor Fed-batch 500.0 120 4.17 Chen et al. (2007)

18



$=2% %R Re 2

317 &=
3.1.1 7 % Atk
AT TR DEARGEED 25 FTREF 221 ¢ (bioresource collection

and research center ) » Ffa %% = BCRC16270 2 Streptomyces hygroscopicus -

BE LR R
99.5% Ethanol ECHO
Acetic acid SHOWA
Ammonium Nitrate ma
Ammonium sulfat SHOWA
D-(+)-Mannose SIGMA
Glucose ROQUETTE
Glycerol KANTO
Hydrochloric acid Scharlau

19



L(-)-Phenylalanine [N

L(+)-Glutamine [N
L(+)-Isoleucine [N
L-Alanine RN
L-Tyrosine [N
L-Valine RN
L-Lysine ACROS
Malt extract ST BIO
Methanol ECHO
PDB (Potato Dextrose Broth) Difco BD
p-Phenylphenol AN
Sodium Hydroxid SHOWA
Urea SHOWA
Yeast extract Difco BD

20



329 % kR E

AT ATH 2P HRRE

H4cT £ 320

REXA R 45

5 oA gV AR Biotop BTF-A5L

pH 3+ Lutron PH-206

A5 AT R YSI 2300STAT

Y Thermo GENESYS 10UV
T+ XTI Precisa BJ100M
BoxFRAR AT RFTF HITACHI Pump L-2130
BOXFRAPA AT B E HITACHI Autosampler L-2200
BorF AR A 47 UV R E HITACHI UV Detecter L-2400
B kAT A Vercopak C18-50DS (250*4.68mm)
CRUI L Hettich Universal-32R
BREFAAL TRIDENT EA635

LR AAE R DENVER IR-35

FERERTE A LIAN SHEN LUS-150

4 LIAN SHEN LO-150

AL KR Millipore Simplicity
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RAhrd®
#EREE
BB WA B R
B TS

e e Ak i 4

DECTA

IKA

ChromTech

HIGH TEN

FISTEREEM

DC300H

MS1 minishaker

MS-3250B

3BH-24

WSC044
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334473 &
3.3.1 Biomass % 7 >

PR pRi B AR iR o BB R r w0 OB O 2 SURST

3.3.2 Glucose %~ 7= #
Mg i v dges s (7000 rppm, Smin) o Bl Bk 10 & AR

» £ & * YSI 1500 Sport L-Lactate analyzer & 7| &

3.3.3 Rapamycin 4 47 = j*

P f% e 1ml > grs (7000 rpm, 10 min) 14 2 ",!rti IR TR R e
Iml ™ @55 fI* 28 BT B LA RS 5488 - > £ =g (7000 rpm,
S5min) > B~ ik s viv & % A 15 &-High Performance Liquid Chromatography
(HPLC) - % 4 47 rapamycin &k & -
# #54p : methanol/ water/ acetic acid * ] : 80/ 20/ 0.1
ik 2 ml/min
# 41 : C-18 Veropak Inertsil 7 ODS-3 4.6x250 mm
iRl £ UV 254 nm

% s : concentration (mg/L)=(Area+10635)/10000
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34 %>
¥pbp gFfEY o e Streptomyces hygroscopicus BCRC 16270 2.4 ik 2% ¢ >

#3 ISPMEDIUM2 % i & Adi » . 28CIER RIS A3 % 48 [ FF o 2

4

bl

S L4 ISPMEDIUM2 Al X A 28C 8 % > S FFAMA L2235

i~

|

A4 e T B 31w 0 Al mE kR ET ko3 08ml 73z fe02ml
B P BEIRE w200k T

341 ARG
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342 R4 A

Ae% ISPMEDIUM 2 i 532 % 4 100 ml #845355 v 34 1 pH7.3 % » & »

ot

B ookl R

250ml = & 45 P > B § kg :{?f s F A KR

FAAEEEFE20min (B R4 5 12Kglm, s i R 2 121C ) e F8 & A F

ZB-d o L T5% EREE S S 0 B RFEFSFR LA B EE-20T
4 ok Ff8ik 7 heat-shocked (70°C » 20 min) » #-H gl » 2 £ ¥ > FIERA

IR Ar0E R 28C > @ 150 rpm i 2 T2 {735 % 48 ) PF o

%33  ISPMEDIUM2 1 % #

Compounds Concentration (g/L)
Yeast extract 4

Malt extract 10

Dextrose 4

Agar 20
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343 #FER A A
Ae® TA|fe FaE A AS0ml e P A pHT3 4% » 250ml =

LHEY R P F R FR Sl AT RES e

e
<l
12
E
Ea)
Pl
3
e

B 20min (B e 4 5 12Kglomy o B R 5 121 ) - i & SR

A
k2
=

5% FEE R FS O RE RAFRITOER A

34 FErii

Compounds Concentration (g/L)
Yeast extract 4

Malt extract 10

Glucose 25

343 &7

3 e AR A B NSME FM 2 = & 35000 T5% FRF R FE 0 B~
EFHEES o Bbml hSM4cr FM 6 > 353 R 8 %3 R BFB A7 >

"R R 28°C o #Eig 150 rpm T AR A o
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35 ¥ mEHE

411 * Streptomyces
hygroscopicus 3 f%
4 A F A

> RS A
=  ARUREH
LT
lal > §mEs
> R
—> 7 e 3
—> B F
S5LFRBE |-
¥
—>| pH 41
5L F %
el
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Tt A B e

|
[
(w.
)
=

frat
3
=
)
e
|
by
>
ﬁ:
bl
[
3;
s
Akt
F!

| * 4§ 5% % (%%« Streptomyces  hygroscopicus 37 + & i& (7%
fisz % - SM (100ml) 32 % 48hr> g & % 28°C > 150 rpm

—h

KRUEE § at SERNIER 8 8
Agar T B R SR AT 9 &
Y oggBedns B woR R ER £

£~ FM (50ml):e {7 28 ¥ 53
OFMBERETX R
28°C » 150 rpm

PEAE B 01ml
Flie %4k 2 Agar T 1 o
BEAFRIE I &

kT 5 i

B Aml Fik s o
5min /7000 rpm > 2 %% \ B ERREHEA
R T A A1 Fakie R oy A
1ml© fase 1 pF

FRl A& 0 T AT

x* HPLC :& {7 rapamycin

FEAT
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37 HFEEY %R A

371 Z &5 B AR &%

AT RNAEAREAFE  AARAMT IR R F R FR

i’xﬁr;;‘,’]t de o 227 e dEiE TR & 0 #3% S.hygroscopicus £ A rapamycin (g 58 o

3711 A % PR
FrH A A & PR a3 & 4 rapamycin &2 £ 2 5 o
(1) % 100mISM &4 > A%z % 24-36°48°60 ) pF -

(2) ™M 10% #EFEHRSM&E» 50ml FEERAEAY BE -

(3) %‘)‘}7 %fi”%"]‘ﬂ’m_}i28C’ie‘%‘7%°

3712 7 bR E

H

11 33 B RURE f¥ 3 & ¥ rapamycin A £ 5 -

]
(1) %3 % 100mlhSM 3z % 2 > 35 % 48 ] pF -
(2) 7 10% #EFEX-SME~ 50ml * FRURSERER ALY 4 > S

# % # (Glucose) ~ 4 ;¢ (Glycerol) fe# % (Molasses) e

B Er>»ERRTEA4 BAR28C » #i# 150rpm > % 7 % o

3713 % ¢ § el 5

B

Ben 45343 F § R e & ¥ rapamycin 2 £ (@58 -
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(1) #H3% 100mlenSM 3% 2 > 32 % 48 ] pF -
(2) 72 10% #EESSM#Er 50ml 7§ R s A A A o A uE
Fi pe4%( (NH4)2S04 )~ A il 4%( NHANO3 )~ fi % (Urea ) frpg# 5 2~4= (YE)

(B) X rEERTRAH EAE28C ##H150mpm > 2% 7 % -

3704 o vk R 4B

Poef 475 A b ORA R A e e o iE SR & 3 rapamycin A £ R 5 -

(1) #3% 100mlSM %A > 2% 48 | & -

(2) 1210% #FEH#SM &~ 50ml e vkt Lo/l ens s % A0 5%
% w] {_Alanine (Ala) ~ Valine (Val) ~ Isoleucine (lle) ~ Phenylalanine (Phe) -
Glutamine (GIn) ~ Lysine (Lys){= Tyrosine (Tyr) °

B B >»ERARTEA4 » 8A28C »## 150rpm > 2% 7 % o

3715 7 P T B & DEL
et A i T S RGN T O A & ¥ rapamycin A 2 R o
(1) %% 100mlASM 3% & > 2% 48] pF o
(2) 1210% #: FE #-SM4z» 50ml 2 e % 4 ¢ 32 %> 4 52 g 100 rpm
150 rpm frd oS g ek (A g2 150 rpm o~ {8 FLr2 100 rpm) e

B) R rEEARTIBAM EARA8C BHETX .
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372 HEH 5L 4T R

B AR 4o B 320 U B L RN S T 4 icalie b v

PHBEEEH AP AR LB

H

B32 SLEENFRBETIHEER

3.7.2.1 DO 42 B2 58
(1) #32% 200ml 9SM 32 4% 2 » 35 % 48 /| pF -
(2) 1 10% #FTHRHSM &> 2L FEBEATEE -

() € »ERIEARFZF BAEFEELEAR28CFF 130% 44-pH: 73

4) £ 17 kDO 4] % % (DO30 %~ DO50% -~ two stages control ) i& {7 2 fi¥ o
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3.7.22 pH #4125

(1) #32% 200ml chSM 32 % 2 > 32 % 48 | pF o

(2) 1 10% #FESSM Iz~ 2L FERE AT B % -

() U  ERUGEFTF 5 FEELER28C 55 130% - 4z4spH 7.3 ¢
(4) £ ™~ 7 FeapH #4] (no control ~ two stages control of pH >6 ~ =6 ~ =5.5) &

Ve AR

3.7.3 #FpEt 15L& F %

FI* ISL M HAEHEFSLFMR S B E R 2 AR R FHASF A

B2 P PRI 4T R 33

B33 I5LENFMHHLTITEL T
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(1) #3%200mlSM % 4 > 2% 48 | pF -

(2) #-200ml3z % SM#E» 8L #FERrEA? 8% -

@) U r»BREAFZF " HAFLZER28C~FF 130% - Az4=pH 73
(4) £ 2 5L 3 %Rk s iz i i g pH 4] (two stages control of pH =5.5) %

it -
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Fri BEan

>

=

41 BiEAL S &R

-~

AR A E DA B2 A G LB &2 A S rapamycin A £ 2 B
HEEFREAOEAEBRRIALREA I RE P FE Y R T RE BB

’Qg Eﬁfgf&ﬁ;’—;& A VJJ{NO]_-? » 4B 4-1 #F o

NO. 5 NO. 6 NO. 7

B4l FERS 2R

PR R B W3R R T REAE 30 ml enfE F & AA(SM) 48 ) BE 0 4w s R
BAEFME BEGER %2 %G o S5 4oB 4257 0 HEHESE T3 Ridh
rapamycin 2 € - @ FiE 1~58 7 % 5 #F 0 £ (biomass) > iE # L L

57872 & AL MY % o % 4o 4-3 “iT 0 F7E %55 5 F i rapamycin
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=

21 g A engp ] ot o rapamycin A £ F 4TiE R 0 4oB] 4-4 S1F o

[
(i
o

B AE YT R KL T R EFEAE Y R 4 PR
B AR S RRAR RO LA A 12346 FE Y BT

GG e B RS R > B Bl J RS o) B rapamycin A

I

wa -

120 6
B rapamycin
100 1 — biomass o
g 80 4 -4 _
> L _
g I &
[
S 607 r3 g
2> e
e o)
§ 3
S 40 A L2
20 - L1
0 T T T T T T T 0

NO.1 NO.2 NO3 NO4 NOS5 NO.6 NO.7

Bl 4-2  HE5.1~T /% & p &5 & 1 2 A4 rapamycin ~ biomass ¢
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500 8
T B rapamycin
1 biomass
400 -
| = .
2 " -
(=] — =
g 300 3
% L4 %
g £
o
S 200 A 5
S
-2
100 -
0 T T T T 0
NO.1 NO.2 NO.5 NO.7

B 4-3 SH.1-2-5-7 FiF L S8k % 16 A4 rapamycin ~ biomass 2. 1t iz

500

B rapa.
400 -

300 -

200 -

rapamycin (mg/L)

100 -

control NO.5

Bl 4-4  Filled %yl s g fEs & (5 A rapamycin 2 v R
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# 4-1 e & Fis At NOS A4 2 & vt (&84 50 ml> 3¢ 150 rpm >

BE 28 C)
Comparison Rapamycin (mg/L)
control 339+34
NO.5 398+20
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42 FEER %P A
421 = AFiR LR £ P 5%

4211 s & PR SRR

AR HFAD FAERE (SM) B2 (85 fes £ 4 4 rapamycin

A X2 PEER c TS FAB 45T 0 U R 48] FLAFRE R EF O

% %% & x> H rapamycin 2 £ % 379+38 mg/L-biomass 2 ¥ % 6.6+1.5 g/L >

B
R

p
{6 B fh F R & iE i (SM) -

12 2 ¥ 22
FLIL TS 2 18 F

Q/;‘k#?l:hl ’é’fﬁﬁ%%‘%ﬂ&é 52_;]&_ GO,JB‘;‘}FE‘;-,}L%%\I&‘:; %ﬁ’ﬁg%fgﬁ&jﬁ]s .

—

m

A B0l B A R A T AR AT AL E M

B e 4e > & 4~ rapamycin 3 T *f A (A E L 5 2011) 0 A A F KA

e HABH D e 2 i

A ER AT G 48 o B REEG J

Skl A8 | PEIE LB ES K A E E R o
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rapamycin (mg/L)

500 10
B rapamycin
1 biomass
400 ~ I -8
300 - l - 6
200 - L4
100 - L
0 0
24 (hr) 36 (hr) 48 (hr) 60 (hr)
B 4-5 7 kAR A PFFEFF 2 B4 25 rapamycin 2 4t

39
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4212 7 kR E kR R

A= R B AR A AR B S.hycorscopicus 4 fi¥ 2. rapamycin A € @
B FIFEASER S F 54 (Glucose) ~ 4 ¢ (Glycerol) ~ # % (Molasses )
R G109/l %%4c® 4-6 g7 > § 5§ 4% (Glucose) 3 # it eh A 4 rapamycin
2 A2 RE hbiomass 2 E o § v pdp 13 R hER Y > i § 4 (Glucose)
2 ks (Starch) 7 g3 28 (% >2001) » ZrFkerik o

R 46T Y EMTLMATRENS S EE 20 RRURER K&
Pz F3t o d BATHTHFHER: 250/l 7 RBAE w2 BHFFERAD

FAMERFL250/L (F5 p (27 S22 pLUR -

250 6

B rapamycin

200 - l = biomass [ °
- Tt
S 150 - 4
5 | o
o
'S -3 8
= £
o
§ 100 - =
—_ I 2
50 -
-1
0 T T T O
Glucose Molasses Glycerol
C source (10 g/L)

Bl 4-6 7 FRUR¥EAE4 A rapamycin 22 biomass 2 8248 (kA& 10g/L)
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500

400

300 ~

200

rapamycin (mg/L)

100 +

0 10 20 30 40 50 60 70

glucose (g/L)

B 4-7 7§ 4 (Glucose) k& 4 x4 A rapamycin 2 B 58
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4213 * F § B R

A= F AR A ¥ R FH S.hycorscopicus 3 i 2 = A& 4+ rapamycin 2
PR F&F 0 Frpadt ((NH)2S04) ~ A e ds (NHJNO3) ~ 7k % (Urea) £ p%
4 584 (YE) (¥5 5 k> &% 4B 4887 » U2 X534 (YE) 75§ R

PF 3 #if chrapamycin 4 = £ &2 & § o biomass A £

¥ A N F RAR A% ((NH);SO4) $13% 2 ++ rapamycin 2 §es

\m\-

o (Leeetal, 1997 ) @ AF it * k2 4 (YE) 4564 4
ZEGnit B o mx R EF > 14 & chg $ rapamycin fiié * pr L 4%
((NH4),SO4) 32 % % 1137 % > e b &3 4 A4 > # % arphds (NH4),S0,)

# & 4717 cheh £+ rapamycin £ oA L 4% (NHNO3) ~ Ak % (Urea) 3 @ &8
%1% pedp #(Leeetal, 1997 ) v pr o 7dp (38 & ¥ 4>2001)° + 2 (soybean)

2R EP4 (YE) PEERGOEAF A > BAFHRE*RIF » aupE® 5

Bt (YE) iF5 2169 %k§ ke
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500 8

B rapamycin
400 - 1 biomass l
-6
- I ~
S 300 -
E 2
o [%2]
B F4 o
[&] ©
£ - :
< 200 A =
& T =
-2
100 -
0 . | - 0

(NH4)2504  NH4NO3 Urea control (YE)

N source

B 4-8 7 F§ REFFEA A rapamycin £ biomass 2. #2588 (B R 49/L)
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4214 i 4o Mgkl g
R B AR AL 4o R A EL$1 S.hycorscopicus 3 ¥ 2 % A 4+ rapamycin

H

2B o ow) 7 sk B 5 1g/L & Alanine (Ala) ~ Valine (Val) ~ Isoleucine (lle)

Phenylalanine (Phe)~Glutamine (GIn)-~Lysine (Lys)~Tyrosine (Tyr) i& {73 ¥ % >
#F3t A 4 rapamycin ch2 X BB o B %k hofl 4-9 T 0 T g R S ARG

Glutamine (GIn) ¥ Phenylalanine (Phe) ié_i‘_@%iz“]& teiE P RS 0T < ki
4 i e v ¥ L e Lysine (Lys)# 24>t & 4 rapamycin 74 = (Chengetal., 1995) > i
BERHREED P LRGP EA AL FAURR AT N PR B R
s fh L Lysine (Lys) JER % it @ %4534 > A~ % 5 050/L~1g/L~50/L- %
% 4o @] 4-10 #757 > 3 IAEF Lysine (Lys) Ik B 0 4o 5 drdirnk Ak % o A EE

# B A4 rapamycin 2. 4 = > FREFE R A AN §FRER X5 (YE) ¢

Lysine (Lys) = & % > #xm m,T ek om gl At £ o
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4215 7 i@ T & ST

AR B IF I HIL A I 3 % A8 S.hycorscopicus A & A
rapamycin z_ 82 58> & %] 12 100 rpm~150 rpm £2 & £ 5% F vk 12 & (w0 £ 150 rpm o
{8 £ 12 100rpm )e = g&#ﬁ 21 & F rapamycin £ >t = = A #A $(Sung et al., 2010 ) »
U AFHREFENY DR EERR R AMARB IR IRBE T AL KB A
£ i F R3¢ biomass 4 = ; (S EE Mg 4% £ %) F ¢ Tk A F rapamycin

AV B

% 4oB 4-11 A1 Mg TR BT 12 & 0 4 ] A rapamycin £ biomass
A 0 @ 150 rpm 8 B LSS AN R ek o 2 iy I R IR
27 AR E 2R HDIF > FMBIAF T g A4 rapamycin £ = (Fang
etal.,1999) 7X@ w;w FEAENEE R R F e AFHY S BN Rk
% H 4 Z& &+ rapamycin ¥ 12 i 7] 331 mg/L - g H S 24> 150 rpm 0319
mg/L % 21 12mg/L; @ % = FREC{S A § % 2702 biomass fdk ik H ]t

150 rpm s> 7 04¢g/L> £ 87 < o
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4.22.1DO0 #5425

hirdleie s DO30% a3 5 £k R - A5 Bedf et & b L Pt A0 e iEsd
% > DO fr 4] ens - ¥ & & rapamycin 4 & g% 58 4 w12 DO50%Fra £t 4
FIEF R FR & -

hFER R R Y T AHE - BRipdlY o NRFER L ADE
1 rapamycin % > # o R AR BHE TORABRET RS DAL TR
HA R Y AR A I SLEMER R IHFH S BRI T B 41357 - A4
rapamycin g 4 ¥ BR¥E T A F ¥ 221 782 mg/L > Apd>t 5 v 22104 my/L o
AR 678mo/lL PREF LF M AS BT TakS L AE > i biomass
4EARR Y > B B RT G RAF A G T EARS o

Aol HFRaE P2 F P B S PR g Rt H B2 8

Eonk o ARG TR o ¥ HEE A5 5 DO E

i

LI
B RSN C S R DO HR R DR E - -

EREREN TR 20 BB AT DR R TS o B RN R K
% 4741 DO 30% - rapamycin # € ¥ 3 104 mg/L > # = & #¥g#&:# 150 rpm pF #7
¥ errapamycin 2 € % 319mg/L > 4p £ 7 215 mg/L -

Bz AT HRY L ET NERRAIAE 2T % SR HY AN
A A F rapamycin I & ~ & gwtdk o Fp VoA Y B & > g 150 rpm

EEFRHRLBIEEMOTFRN DR E AT A RSB AR &R
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100 rpm > DO <5% ™ T 32 % > & R AR NA F BB T @R A AN - XA
¥ rapamycin o % % 4o 4-14 #757 > A PFE IS F B & 4717 2 A 4 rapamycin

% 288mg/L > dp#t 3z v 104 mg/ll A& &2 7 184 mg/L o A fd MR

T & FHEFHEY AT R & biomass m#EFHF LT 650l =% o
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42.2.2 DO #4121t
d B 4-15 & o1 A 4 rapamycin &2 FREZ F R 0 B3R F RBR T 0 AP
rapamycin 2 = > 6 > j¥F v 2k < 2§ 104 mg/L #{ 4 2 782 mg/L > £ 7 678

mg/L > # 4-245 112 & & productivity » j£.0.546 + = 3 6.306 mg/Lh - ¥ rizgp
DO50%:i% § vk chre £ 4 Fj4 4 A& rapamycin § §Tet o . F#E = 6 o § 4-16 -
BOAF EET AGSE T e Bt 209/l i F AR AL S P g
PlABATBRETRA > LW B RAKAANIELS? B AT 2 E s
biomass & -

d B 4-17 & o1 A 4~ rapamycin &2 AR F R A 2 5 G 0 8 RS
Frdlia ¥ DO Reg ek s w40 el o K59 okt A€ 104 mg/L 3§ 4 X
288 mg/L > &= 7 184 mg/L - & 4-2 3511 4 A 5 productivity + j€ 0.546 F = 3
3128 mg/Lh> ¥ Mg & BN endp 413 § W00 s A A 4 A rapamycin § T
2o b EME G BB ALE R A AL 60/ 24 0 B 4-18 A5 o d 23R
AR A3 E DO R S o HERABRRES T FERIFESF AL

v SR R A BN F W Ay ok A+ rapamycin
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# 4-2 A ENEA%E DO Rz v 2 dedpt i

Model Rap yield Max Rap Time Rap productivity
(mg/glucose (mg/L) (hr.) (mg/L h)
consumed)
DO30% (control) 7.27 104 190 0.546
DO50% 44.84 782 124 6.306
Two -stages 40.54 288 92 3.128
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4223 pH £ 412 35
N KRR e EEARY pH g it B RS ;%’rj PH =72 1= & Tl & 4

rapamycin q# = o v‘/,%v‘ T o¥A e pH % RIS 0 4p ;.%ﬁi“ »'?ztk/ i Ny

v

{

A% 0 fo4] pH & 6 BF > rapamycin & £ ¥ i 445 mg/L  (Chen et al., 2009 ) -

v

S E4-127 F I pHE 260 P B F BRI 7 h® v > KA 4 E T < 3 88k
PoooB24 ) PERRFELS 26X FPAI6 LERTE K F %KY FRG pH E
"3 5 pF > & §_& 4 rapamycin B 4>4 = pFiE > @ biomass B 4eA%iT T 4E o @
¥ pr 7 dp dopH B 76 P¥ 3 B i# 2 rapamycin 2 € 38.14 mg/L( Sallam et al., 2010 ) -
RS B pHEFI K v > - PR RpH E4] 0§ pH EE I B M EhpRiE

FpHIEH » A B4EH pH * 30 6~ 30 6 2 55 AL £ 2 B -

-

AR RS pHE R F % o pHE ¢k MEr = 153 B 47
v R 4-12 9tor A pH TR D oM BEw 2 (8 o pH g R T " 0 i M0 pH
gL FHM” = o ()T NaOH #z#] pH*t 6101 (75 4 6 28 B3¢ pH i
FIRez > BE A8 S pHETHFF I 23282+ 4B 4198 T - $5 K
7 0 A 4 rapamycin F£F § # 2 gk o 5 v 2104 mg/l & 3 253 mg/L -
H 41 49mg/L -

(2)F1% NaOH 22 HCl #24] pH 5 6 £ 5 & £ % pH £241 # 9% » & % 4o 4-20
“rom 0 & 47 rapamycin j€ 7 ¢ 9104 mg/L #£ = 3 467 mg/L> 3 4 7 363 mg/L -

(3)F1* NaOH £ HCl #2241 pH % 5.5 1 5 & £ 3% pH 24 vk chs pEss %
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FxRAcR 421 #rr 0 Ad A 2 57T0mg/L #z ¢ 2 104 mg/L # 4 7 466 mg/L
AR o ngic*r#ﬂ N EREERET pH B9 5 =+ 5 A4 rapamycin 2 Eif 2
2% (Zhuetal,2010) > &2 29 5% . B8 pHEHI K% P > 5 - PFE R A

PH55 T » 4 j it A %2
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d B 4-24 # $ rapamycin \* & B¢ ot 0 &% pH e Wk T H 2
rapamycin % i A8 F > ¥ 08 Fed BB pH e ¢ 0 F SRR AR & pH
55pF 0 F B2 A8 > FE570mg/L s 2 Bl - FFEdrdl b pH >t 6 pF
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# 4-3 A RN pHIEHI K B2 e B2 Hdpt i

Model Rap. yield Max. Rap.  Time Rap. productivity
(mg/glucose (mg/L) (hr.) (mg/L h)
consumed)

Control 7.27 104 190 0.546

two stages-pH > 6 11.77 253 216 1.172

two stages-pH =6 30.5 467 108 4.320

two stages-pH = 5.5 30.96 570 108 5.275

delay of pH at first
18.03 312 149 2.094
stage

4225 #F@Et 15L < B %

AR Bk SL R pH Edd Kk P kR iE 2 > A BN IE)
NaOH £ HCI ##41 pH 5 5.5 (£ 5 & £.5% pH #4] {vk e fs & > 8 (T84 2
L2z 3 8LE(F > H 2% 40T B 4-26 #757 » B2+ 12 4% 2 »% 4 4 rapamycin
4 £ 473 683mg/L > 2z v 2 104mg/L 34 1 579 mg/lL 2. 2 £ -

AT A A4 R R e R T U did 5Lkt 3 15 L
o ¥ 3 rapamycin A chA R 0 a F F B 54 3096 & 1 42.08 >

d %k Bl R R T A AA BN pH gl Wt (3) 0 AF #4204 & A 4+ rapamycin
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Bl 4-26 15L 3 p%if 1 iv 484 8L > # A 4~ rapamycin ~ %8 £ biomass ~ § § #%

pH B % 1 25 523 pHE 4l Kok (% - FA2 7 2041 pH 0 % = F# £ 42 41 pH=5.5)

244 FARFERLAEDS pHEH R @)E T B Bkt i

Fermentor Rap. yield Max. Rap.  Time Rap. productivity
(mg/glucose (mg/L) (hr.) (mg/L h)
consumed)

5 L-control 7.27 104 190 0.546

5 L-two stages(3) 30.96 570 108 5.275

15 L-two stages(3) 42.08 683 136 5.022

(two stages(3)-% — FFE# 24 pH & » % = FFE 42+ pH=5.5)
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Comparison of rapamycin production by different strains of S.hygroscopicus under various fermentation processes.

Carbon source Bioreactor Mode Rap titer Time (h) Rap productivity — Refs.

(mg/L) (mg/L h)
Fructose, mannose Shake flask Batch 57 192 0.297 Kojima et al. (1995)
Fructose, mannose Shake flask Batch 134 192 0.698 Chen et al. (1995)
Fructose, mannose Shake flask Batch 97-186 144 0.67-1.29 Lee et al. (1997)
Mannose Shake flask Batch 41.46 168 0.28 Sallam et al. (2010)
Soluble starch Shake flask Batch 420.0 120 35 Xu et al. (2005)
Soluble starch Shake flask Batch 445.0 120 3.71 Chen et al. (2009)
Dextrin, glycerol Shake flask Batch 450.0 120 3.75 Zhu et al. (2010)
Glucose 15 L fermentor Batch 683 136 5.022 This study
Glucose 5 L fermentor Batch 782 124 6.306 This study
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rapamycin 7 i = enfles o
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