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W E. 8- MAA A £ (8-prenylnaringenin, 8-PN) & —#r i A syt &, LA RZH AN
B, BIHELZSH 7 AHAZWRGITIR, MAEHSR 8PN 2Bk F A K LEH B
(prenyltransferases, PTs) 1EAbE HAAKA R AT AREA RS WA, S EAET 8-PN EMAEMERN
8 B AR, X P YAES (Sophora flavescens) &9 SINSDT-1 At %, B3 4efT I £ 5549
AR E R R R R, TN R 7, SINSDT-1 -8 9/ a8k fe 8 NEREY TAK, AR —A
A 120 SR ARER 69 K A4S 2R Ax . K M4E R B AL B R 9 AR BT 69 SINSDT-1 /2 BRI B4 P A, KA
42 % K62 {150 8-PN F &R 5, L&A G % H SINDST-1-t62. SINSDT-1-t62 HAh K F Ao —F
H AWK = BB (dimethylallyl diphosphate, DMAPP) #4740 F 214, LI K185 £ — A fa) %
AL B AT JERAD 0.5 nm ST B A ) BRABR AT A RREH T L, R TR KI8S5A TR M &) F 4 FIF,
R K185 & — /N o) RAEAAL & e e R BRI, REAR KISSW xt Bedk g # = ) 3 3%,
7 K185 46 e R &z 8-PN F & R & T4, L9 K185 2 SINSDT-1 444t 2 X & &, B, 4 F
# % (mevalonate, MVA) i&f2 k42 #93%4L, 8-PN = &iX%| 31.31 mg/L, #LB DMAPP #94%
BAERPNERN IR L. K, ¥ ERHOAMAES L ABEHEFRITLE, A8 120h 5
8-PN /= &iA %] 44.92 mg/L, £ B 74kl 698 5 7K-F.
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Abstract: 8-prenylnaringenin (8-PN) is a potent estrogen with high medicinal values. It also serves as
an important precursor for many prenylated flavonoids. Microbial synthesis of 8-PN is mainly hindered
by the low catalytic activity of prenyltransferases (PTS) and insufficient supply of precursors. In this
work, a SIN8DT-1 from Sophora flavescens was used to improve the efficiency of (2S5)-naringenin
prenylation. The predicted structure of SIN8DT-1 showed that its main body is comprised of 9 a-helices
and 8 loops, along with a long side chain formed by nearly 120 amino acids. SIN8DT-1 mutants with
different side-chain truncated were tested in Saccharomyces cerevisiae. A mutant expressing the truncated
enzyme at K62 site, designated as SIND8T-1-t62, produced the highest 8-PN titer. Molecular docking of
SENSDT-1-t62 with (2S)-naringenin and dimethylallyl diphosphate (DMAPP) showed that K185 was a
potentially crucial residue. Alanine scanning within a range of 0.5 nm around these two substrates showed
that the mutant K185A may decrease its affinity to substrates, which also indicated K185 was a potentially
critical residue. Besides, the mutant K185W enhanced the affinity to ligands implied by the simulated
saturation mutation, while the saturated mutation of K185 showed a great decrease in 8-PN production,
indicating K185 is vital for the activity of SIN8DT-1. Subsequently, overexpressing the key genes of
Mevalonate (MVA) pathway further improved the titer of 8-PN to 31.31 mg/L, which indicated that
DMAPP supply is also a limiting factor for 8-PN synthesis. Finally, 44.92 mg/L of 8-PN was produced in
a 5 L bioreactor after 120 h, which is the highest 8-PN titer reported to date.

Keywords: Saccharomyces cerevisiae; 8-prenylnaringenin; molecular docking; alanine scanning; saturated
mutation

8- 5 W M JL Mk 2 2 (8-prenylnaringenin, HHT, 8-PN F 2 DAL HLAIA s Fh 7 i 42
8-PN) J&— il ¢ R S G AL AT A=, 0 7 $RIBGE R MR AL SR I, TR AE
fii RO, gl EN s 2P BRI 8-PN S RARME, AT M e BRI A
8-PN oA L M MES R, BAZREY  25-60 mg 19 8-PN,  HLBEBS B &M 10 /570,
W, RN RTES MM AR RN BB B B b, MR AR BRI IR AR A [F] A SR A,
PSS, B AR A seAh,  6-5F I FE R 2 & (6-prenylnaringenin, 6-PN)
8-PN & M EE MR AYREFLERME 5, WINT 8-PN 4y & MaifbiMErs . & kA
FAET OB 4 77 8-PN F EAFHR b2 G Uk A W6 i
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ROTTHELL 2,4,6- = FEHIR 2 X 2 B AR
BERIEURE, Zeid SR AL AE 5 20 OB L
T 8-PN, {HZBOREAR, 1 47%", HEWIE
8-PN H 3 FAM AL (P 1), BIA S it e 38
a0 ERE R IR FE R (mevalonate, MVA)
ARG M W BN M 5L — W R (dimethylallyl
diphosphate, DMAPP), DA & 55 % M Fik &% 7% i
(prenyltransferases, PTs) i {L Ml iz & Fl DMAPP
G 8-PN,, iRl tE (Saccharomyces cerevisiae)
WH BN NI 4 (GRAS) Bk, &4
FORUBLR Tl B FHP S SEAESR I AR R
(18 7 3 L ) S 30 R e g e i R 1O
PRI, 1) FH TR P8 19 B AR )5 i 8-PN B B2 3]
MR OGTE

TE 8-PN G a2 PTs L 3] T &E1EH
It H 28 PTs A ™M 09 IS 4 S A0 X I8y

Mevalonate-5-P ERG8 Mevalonate-5-pp MYD]jpp D11 &J\/\._l.‘_!!_.,

ERGI2

Mevalonate
tHMGR

HMG-CoA

SN HATRERS AL 2 K 8 1 A AL
AR SR T 420, HL38 R e gt

2008 4 Sasaki 55 BT R 1 S H 43 25 S5 78 R B
A 8-PN [, 544k SINSDT-11%1, J54ksx
B3, SINSDT-1 Xl iz 2 HAT 100% M4
5 S A DX SRR S RO e S A R T R
PN R R A GERIE R R SINSDT-1 fiEfb &
A 8-PN, BIKSLHELT 8-PN MIRA Wik Nk&
U, SR ER TR AR B R A R, BR
il T 8-PN HJH 1. Levisson &5 #15 S IR
STFPT AT k&AL 8-PN, Jfomfk THiZ =&
R AR, A EEE AR 0.12 mg/L i)
8-PN!"™), T PTs 7E Gl A= 4 v 2 38 )5 16 1 R A1
DL % B Akl Bz Z 1 DMAPP HEZ5 A 2 1% a3,

R T 8-PN A s05 o AR U5 Y PTs KT
S EAARFEREN S, HENEN AR K

—> MVA pathway
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Figure 1

Naringenin 8-PN

Biosynthesis pathway of 8-PN. FjTAL: tyrosine ammonia-lyase from Flavobacterium johnsoniae;

Pc4CL: 4-coumarate: CoA ligase from Petroselinum crispum; PhCHS: chalcone synthase from PetuniaX
hybrid; SmCHI: chalcone synthase from Silybum marianum; EGR10: acetyl-CoA C-acetyltransferase; ERG13:
hydroxymethylglutaryl-CoA synthase; tHMGR, truncated 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA)
reductase; ERG12: mevalonate kinase; ERGS: phosphomevalonate kinase; MVDI1: mevalonate
pyrophosphate decarboxylase; IDI1: isopentenyl pyrophosphate isomerase. PTs: prenyltransferases; Blue
arrow: endogenous MVA pathway in S. cerevisiae; Orange arrow: naringenin synthesis pathway; Red arrow:
PTs catalyze (2S5)-naringenin to form 8-PN.
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ANALES, WP AR AR g RN X
B SE A 5 B S WA S IR WIBR, (HAE U5
i BT FRIEET, X A5 AT RE T TA B
PUNFUIBR . BRI, ZI0A 75 0l BE 2 52 i iy
H B 45 RN fE . Sasaki Z5#% T SENSDT-1
A 30 A SASERR , & X it 1) 0 ek o 7= 2B R
A PSS B T HT 40 S 84 NEIERR, 8-PN
HIFE RS T 44.2%F 119.1%"7 . FRDF
FEFRIT, AR AT 2 0 i 0 e A
ANFE R BRI, AR S ok 7 2 Il 0 1
SINSDT-1 45, M4 &5 SR BEHL 13 M7
ST IR T R B RIE . RS, DA S
B VORI T o TR L N R R o8 AR
DL R BEAL s AR RN 2R AR, S th— A s Ak
i, W5, £F%F DMAPP k4, 584k MVA
AR OGN, HF— 2R 8-PN 1y, 4
R DMAPP JEBR | 8-PN A= 4 S B R 2 .
AWFFEEE RN E2: PTs AL WL AR ST B —
EMSHME

WL

1.1 ##y
1.1.1 EHRSRK

KIFFE (Escherichia coli) IM109 FF it

=1 AL FR{E R B E PR BRL

RS 3E, FRERELE PNOL AT 8-PN &
o R pY26-TEF-GPDPYHH T ik 2k AR it
o Sl B R R BTRLS TR 1
1.1.2 ExE

LB K5 (g/L): R 1, BERHRIUY S,
FALEN 10 MIETFEIMA 0.1 gL RN EEHR
o EMARREFRILIIA 20 /L B o

YPD #5553 (g/L): #i%EbE 20, &1 20,
WERERY 10, [EMASEFREEMA 20 g/L BEH -

YNB #5774k (g/L): #i%HE 20, BEREICE
FEAIR 6.74, TIN50 mg/L XTI Y R 28 LR
(His. Trp. Leu. Ura), [BE{AE;FEILIMA 20 g/L
AR o

5 L REFFEFRAMEE SR (g/L): 4 bH
400, EFTEHY 15, Na,SO4 0.56. MgS0,-7H,0
10.24. KH,PO, 18. Na,S0,0.56. K,S0,7. 4,
AR 1, 5w RR 1. HARR 1. JREELE 1. s
SRV 20 mL/L . 4EA: F I 24 mL/LPY,
1.1.3 ikl

PrAER . HER . BRI & . PCR
RO B B A T AN TR (1)
et A BR A Fl . B IR FIEERE R A H Oxoid 28
Al o 8-PN Andh il A X T ROG AR A FRA
Ao O (Fuikal) W HMEE Merck AR, H

Table 1  Strains and plasmids used in this study
Strains and plasmids  Description Resources
CENPK2-1D MATa ura3-52, leu2-3, 112, trp1-289, his341 Lab storage
PNO1 CENPK2-1D, Apdc5::GAL7p-FjTAL-TDH3t, Aaro10::CYC1t-ARO4*****-GALI, [22]
10p-ARO7%'*!S_ ADH1t-G418, Agal80::TRP1,
ArDNA::PhCHS-GAL10p-GALI1p-ALDS5p-SmCHI-ARO7p-Pc4CL-TDH3p-FjTAL-HIS
PNO1-S Strain PNO1 harboring plasmid pY26-SfN8DT-1 This study
PNO1-Sf-txx Strain PNO1 harboring plasmid pSf-tXX This study
PNO1-Sf-t62K185X Strain PNO1 harboring plasmid pSf-t62K185X This study
pY26-TEF-GPD Par7-Teye1-Pgara-Tapui; Amp, Ura3, 2 ori, pBR322 ori, and F1 ori This study
pY26-SfN8DT-1 PY26-PGar7-SfNSDT-1-Teycr This study
pSf-txx PY26-ParL7-SINSDT-1-txx-Teycy This study
pSf-t62K 185X PY26-PGar7-SINSDT-1-t62K185X-Teycy This study

http://journals.im.ac.cn/cjben
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gl

AAF N B FE 2R oA SRR . %
A AR S B K E AW R A A
(TaKaRa). 5194 A1 DNA I H 75 4 e
YR R v\ 58 o
1.2 At
1.2.1 RAFEKEE

G Txx-F (xx 4 #UE A AL8) A
Tts-R AR LUERIRWES 19, UL SINSDT-1 Afs
Mok gk, IEi%E T pY26-TEF-GPD JFki |,
Sralan gl pSt-txx; fEHIZI# K185X-F (X
RAFJG R IERR) F1 K185-R, DL pSf-t62 i
Wt i kL, 4 N pSE-t62K185X., H Y i
KiE A E. coli IM109 I URL A4 38 R4 B
ARSCHE B LER 20 RABSBREE 1L k)
W BRSPS T B DA R v EA T B R A
1.2.2 EFEH

Pl : PRICBH R % Ak + F8 47 5 mL YNB

T

*2 AKWEERASIY
Table 2 Primers used in this study

(&shn Leu) A9 50 mL #23#H, 220 r/min, 30 C
FiF% 16-18 ho FEMHACHE: FhH& IR 1% 5
FAe4 25 mL YPD K532 3E19 250 mL ¥,
220 r/min, 30 ‘CHiF% 120 h,

5 L KEERE: FhF % M BRIk
3%IERN T 5 2.5 L YPD 53R 5L00 5 L ki
W, IR FEE N 250 t/min, FHE N
2.5L/min, JRE N 30 C., KB 16 h 5, Frtbkl
FRFRHELL 5 mL/h R A R IERE SR A
300 mL. ] 4 mol/L NaOH ¥ pH #1HI7E 5.5,
%A% (dissolved oxygen, DO) Sk #EE5&
LB DO FEHIHE 15%, % & A 250-600 r/min,
R H R 2.5 Limin,

1.2.3  HmiEn

K 1200 J5, BUS00 uL &REA, 12 000 r/min
20 1 mine BB, 430078 FiEMTTRE Y o
A 500 pL LR O o RAIFFIRIC g P B2

Primers Sequences (5'—3")

Tts-R CATTTTTGAGGGAATATTCAACTGTT

T59-F TGAATATTCCCTCAAAAATGAACTTAAAACAACATTACAAGGTGA
T60-F TGAATATTCCCTCAAAAATGTTAAAACAACATTACAAGGTGAATGAAGG
T61-F TGAATATTCCCTCAAAAATGAAACAACATTACAAGGTGAATGAAGG
T62-F TGAATATTCCCTCAAAAATGCAACATTACAAGGTGAATGAAGGTGG
T81-F TGAATATTCCCTCAAAAATGAAGAAGTATGTTGTTAACGCTATTTC
T91-F TGAATATTCCCTCAAAAATGGAACAATCCTTCGAATACGAACC
T99-F TGAATATTCCCTCAAAAATGACTAGAGACCCTGAATCAATTTGGG
T100-F TGAATATTCCCTCAAAAATGAGAGACCCTGAATCAATTTGGGATT
T101-F TGAATATTCCCTCAAAAATGGACCCTGAATCAATTTGGGATTCT
T102-F TGAATATTCCCTCAAAAATGCCTGAATCAATTTGGGATTCTGTTA
T110-F TGAATATTCCCTCAAAAATGAACGACGCTTTGGATATTTTCTACA
T115-F TGAATATTCCCTCAAAAATGATTTTCTACAAATTCTGTAGACCATATG
T118-F TGAATATTCCCTCAAAAATGAAATTCTGTAGACCATATGCTATGTTCA
T119-F TGAATATTCCCTCAAAAATGTTCTGTAGACCATATGCTATGTTCACT
T120-F TGAATATTCCCTCAAAAATGTGTAGACCATATGCTATGTTCACTATC
T121-F TGAATATTCCCTCAAAAATGAGACCATATGCTATGTTCACTATCGT
T122-F TGAATATTCCCTCAAAAATGCCATATGCTATGTTCACTATCGTTTTG
K185X-F TGTGTGATATTGAAATCGATNNKATCAA

K185-R ATCGATTTCAATATCACACAATTGGTTC

&: 010-64807509

X: cjb@im.ac.cn
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AU, ¥ & LR CBEEIF 24 0.5 mm 3§
BSTHER R R, ] FastPrep-24™ 5G X
AUEREANME . RIGZE 0.22 pum UL IR T
LR TR o FE SRR HIC 45 A PDA A6 I 25 1
Hypers1l ODS 250 4.6 mm? 5 um C18 {3541y
RO TS RS WA EEK (A AH) RO
(B AH), BIIA 1% IR LR, K FAMS Vi
J¥ WA 1 mL/min, # 7 Jy : T=0 min, B=10%;
T=10 min, B=40%; T=30 min, B=80%; T=
35 min, B=80%; T=37 min, B=10%; T=40 min,
B=10%. H:di%E N 40 C, Hlifz M 8-PN Y
R 4 535124 290 nm Al 350 nm.
1.2.4 ZAREHTN. 2 F 3 E LT IE
FIFHAEZ W3l (https:/drug.ai.tencent.com/)
Xf 2 5 R A A AT TR . ] AutoDock
4.2 BN JEC A R R 1 A 7 43 e Y A
il 2 KA DMAPP i b 42 Jmy 0 #5007 e e 1
B E EEERA R A S RE RN AR L
LB BBCAR 0.5 nm Ji [l A (0GR B4 7 5 2 AU
i . KL 1 A B Discovery Studio 2016 #k
X e v A R BE A TR A, B
TR P B S B A 25 5 RER U A T ) Ry Bk
o MEEG RN IEMEET, RUIE D SEAN R
AR 45 RE 0 fERy, RWER S
PRI Ay 2 1

2 X504

21 EHRGHTNSERE

FEL M 452 (B 2A) S, SINSDT-1
H— L 9 4 o-IRBEFN 8 IR BB
Re— D RAMEEH . K MEE T 120 24 2R
MK, MEEAATEA AT BB T IR AS B i 45 1)
FIhEE . T I BB %o BTG T s i, AR
T ZE R, FEMEE EEECT 13 AR AL
R D L TR . DA —RR T DASE B A
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AU R 2R TR R BE B RE 32 (JTHIFR R PNO1)
VERH R, ¥ AR pY26-SINSDT-1 #il
pSf-txx, AFE K PNO1-S Fl PNO1-Sf-txx, 7E
YPD ;35 R 120 h 5, 4554014 2B 1 2C
PR o TE#R A 2 E81 &5, 8-PN [y &4 Xt
BRI, YA 2= H59-K62 if 8-PN F A K

05 13
H6L3( 4 2-\«‘:‘
L4y %

k)

©

\H7
o IS 16

8-PN (mg/L)
o

J- H
DO — AN OO — A
DO

SO —— — — AN AN

AP AXMEOX

3r (
0
0
m

Truncated site

E91

Q

Control
H59
N60
L6l
K62

2 SINSDT-1 AR R &G xS 8-PN & R RI AT
Figure 2 Effects of truncation at different sites of
SFN8DT-1 on 8-PN synthesis. (A) Predicted
secondary structure of SfN8DT-1 by an online
website. H: a-helix; L: loop. (B) 13 sites were
selected and marked in red; pink predicted signal
peptide (SP). (C) 8-PN titer of 13 truncated sites.
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R A4 i . AT RE H59-K62 % % i X il 1 45 #y
/N, 43S E91, Q99 1 T100 % 3 4~
ALy, LS 28 T4 (B 2A), 8-PN j HJTih
TR T R101 #JE )5, 8-PN =i, ¥l
L5 W THawm L iErE, ez D102 M
V110 17 2 B [FE AR . %6 3] D115-R122
PESE, H7 BA . #EW H7 Al g2 5 T B
SR, Z5E, #AEZ K62 i 8-PN &
e, 5% 933 mg/L, A TFX RERIER T
290%, fiv4 M PNO1-pSf-t62,

YRR PTs KEFAAF S, A
ISR, LRk . gk ik
W24 SEINSDT-1 i N S B — B o 2 JFi ik
A 52 A e 0 Y T 7 R R A L A
#re B, 55 BRPAATE T e TR A 1 BT i i
A TS o B XS B AR T RETHBR T 15 5 I 2
PR RZR , T S 2 48 & T 8-PN 7 i,
2.2 SINSDT-1-t62 [EHIXF$E 53 7

HE—H %) SEINSDT-1-t62 HEFT43#r . 156,
K SINSDT-1 A IH] (1) J5 i b4 T 45 6 T . 4
K 3A R, #EE P& e kA T B
AR A, (A EEEMREEAZE . KRG, HEHF
STN8DT-1-t62 #E N4tk , 7& AutoDock 4.2 #fF
HEA T T S IR 2 R DMAPP X 4% .
WK 3B s, M REHEE— DRk,
1M DMAPP 54 TEfil B2 = B I 1 — AN BN 28
b an il 3B s M2 RS Asnl73Aspl77.
Asnl84. Lys185 Fll Asp307 iX 5 o KL IE i
S8, DMAPP 5 Lys185. Glu312. Gly313 #l
Lys316 (3000 J5 Frxd b () 2 36 R IT) 4 4~
FILFRIE R &5 . 1 Lys185 (K185) [Alff5ix
PIRN LAY B HE, 500 K185 J&—AN B i fii
b7, FTRES S5 T DMAPP Sl & 4%,
23 WERBAEMEMRT

E—2PEAl K185 SEHE7E SR SLXT 3 A Ab

&: 010-64807509

Asp§11’77 —

QS

W

A B
Asnl73
=] '3 g
- « / /Z/?\\ Narine E Asp307
- VY ‘ a3
NS &

sl

B3 SINSDT-1-t62 5 F X %15 % 2 4

Figure 3 Molecular docking analysis. (A) Predicted
secondary structure of SINSDT-1-t62. (B) Molecular
docking of SIN8DT-1-t62 with (2S)-naringenin and
DMAPP.

RN . S, X PASELR 0.5 nm {5 N
RSB I TIN AR 284 . sk 3 IR,
HA K185 RAE N A B, HSELAR %177 FF
TR, 4546880 0.68 kcal/mol, iXR]HEZR
K185 & — M TER C it SR . WEJS , @2 Xt
K185 HEAT R AR, B4 FHR— AR
PE 1 8-PN 7 i A5 1A . X K185 5845 W I,
FLE R E TG, T K185 RAE K G
E. S. T i, H5EWHEMI TR, hit—
LI UEH e, M K185 i RAR R IR
2 T HR PNOT Hr, 3R75 Ak PNO1-sf-t62K 185X
(X FRA IR 45 LN E 4 iR, 24 K185
RAFJ T —EHEFR I, 8-PN B E T
W, FLETCHAIE]

X5 B K185 S S M Ak 2 v th
ANET B e ) S ST s o AR 3 rp o g
B, K185 [mlAT S 2 Fil DMAPP JE iU & 42,
{EK L5 AR AT R S SE R AT, 335 i 8-PN J &
TR, MR FIRgER, ATLUE K185 FIRES
il iz 2 F1 DMAPP 254 i #2 , 3%t 8-PN &
BT, YRR PTs 2 &,
H.45 S AR R ME, K185 7E PTs L WL i 1
FAATY A7 Sk — 20 S0 i R
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%3 $HEYIMERF DMAPP 0.5 nm SEE A
DA BITA R

Table 3 Alanine scanning of residues within 0.5
nm around naringenin and DMAPP

Mutation Binding energy (kcal/mol) Effect
N385 -0.02 Neutral
D177 —-0.01 Neutral
D314 -0.01 Neutral
S321 -0.01 Neutral
N173 0 Neutral
Q174 0 Neutral
C176 0 Neutral
D181 0 Neutral
Y237 0 Neutral
N238 0 Neutral
W246 0 Neutral
K248 0 Neutral
P250 0 Neutral
T253 0 Neutral
A330 0 Neutral
D187 0.01 Neutral
K247 0.01 Neutral
K306 0.01 Neutral
D307 0.01 Neutral
1319 0.01 Neutral
1180 0.02 Neutral
P309 0.02 Neutral
M311 0.02 Neutral
L188 0.04 Neutral
D310 0.04 Neutral
1183 0.05 Neutral
F317 0.07 Neutral
E312 0.21 Neutral
K316 0.24 Neutral
P186 0.29 Neutral
G313 0.37 Neutral
N184 0.43 Neutral
K185 0.68 Destabling

2.4 DMAPP {45584k

AP 0 E RS A B R 3 =
— 220 e 8PN WA BR AR, R E A
DMAPP 33 I Fft Jif 4 (4 07 AS 2 AT 6 B il L = o
ML . DIAERIFGE R, Ml %2 8-PN £
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Figure 4 Fermentation result of saturated mutation
of K185.

BRSNS (AR g, AR
e EZ R IERAL (NT 8%). DMAPP A 1]
RE A S5 M A s vy P BT ER 2 7 R e
B, DMAPP £ % i MVA 44 7, &
FIkKHERLN tHMGR 1 IDII J234 51 DMAPP
HIFE R H S 2520

AWsEiE I F ik tHMGR FI IDII, FEH
FRR PNO4 (1 #£ 01 tHMGR) .PNO6 (142Ul IDII).
PN13 (1 #4101 tHMGR I IDI1), #H—H¥Ak
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Figure 5  Overexpressing key genes in MVA
pathway.
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Figure 6 Fermentation result of PN13-sf-t62 strain
in a 5 L bioreactor.
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