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Development of High-yielding Mutants of Streptomyces avermitilis for Avermectin B;, Production
through Protoplast Fusion. Kim, Kyung-Hee, Sung-Ki Song, Yeon-Ho Jeong, Yong-Seob Jeong', and
Gie-Taek Chun*. Division of Life Sciences, "Division of Biotechnology, Kangwon National University, Chun-
chon, 200-701, Korea. *Faculty of Biotechnology, Chonbuk National University, Chonju, 561-756, Korea — In
order to enhance the productivity of AVM B, produced by Streptomyces avermitilis as a secondary metabolite, we
established a basic protocol necessary for protoplast fusion with high-producing strains as a fusion partner, and
then obtained various kinds of fusants by adopting a massive strain-development procedure (a miniaturized strain
screening system). An alternative fusion method using UV and/or NTG mutation of protoplasts was developed to
screen genetic recombinants without specific selectable markers. In this method, the mutants obtained by proto-
plast fusion after UV and/or NTG treatment (95% death rate) of the respective fusion partner (protoplasts of the
respective mutants resistant against L-isoleucine antimetabolites such as O-methylthreonine and/or azaleucine)
were regarded as DNA-recombined protoplast fusants. Notably it was demonstrated that most of the protoplast
recombinants obtained by the UV mutation method were able to biosynthesize higher amount of AVM By, reach-
ing almost three times higher level (almost equal to the industrial productivity), compared to the average AVM By,
amount of the parallel mother strains.
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Avermectins(AVMS)Y= Streptomyces avermitilis7} A AF8}
= oA AAEER AN AFAARE T3
polyketide Al Fe] EA =2 WARFF] FAlel| FA 2]
AVMsE 33 TETFAE 4719 components(A;, A,,
By, B)=E vHT, 27 2709 variants(a, b)7} gloiA 25
8709 gHEE FAEY AT, 8. Ay, Az, Bl Bt
X gejo]aL Ay, Ay, By, Bapt 45 FH|H], o] F
o] 714 Fod avermectin B, (AVM B )= HEZ
abamectin® 2 B2 X]11 g]on], A|lAA o] & ivermectine
AVM B 27E #7132 FAHE F=A o tH3].
AVM B = 99 i WAAR ARSE Ao S A
o 7|4 3d}l= endo-parasites & o]} =7] 7L ecto-
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& oAl Al o] 2= 7FE TEE A} YFE L,
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factor’s®) AT WA o} HAA AZF NG FAM
e AL AT AeH15], VY S wee welF
o Wls) AR B 0 Aol F71H T, W)
PR, AALE D AVM By, A 53 22 whoF )
) Bado] Foiah) kR 1AM #550] B el ¥
o,

AVM B = kA7 TAAS= 933 §3AE 2
E3517] 98] B Ao Sl gold| ofs)] 2 Bl
A S Hol= ZFE rational screenings 53l AV M

Bi.= o]-z—bg}_i TAYAE= u:}o]zé 24 /qg-‘} =
FAA gl o YA S3farst X]
LA glol= AR AE2FA S ’i]f? S AT 5
N WS Akl o) WS FFNE Wyl 483t
3z} slgdet. &b 712 AF2A] ATl S, avermitilis
o dsl E&H LA FA F AW A, =3 U
AA 8 A6 g AHS ’\f@ﬂf{i-‘l‘ﬂ o] A= v}
Be 2 oofst 50 AYAA FHEFE Ao, o=
AVM B8] A vl FAFSISIG

ERE

YiRF
AVM By, AAHFF9l Streptomyces avermitilis ATCC
312729) olelAl Ak A WolFEE olBaled 23
9§75 Aol AHEsle oA fAHIEE L
isoleucine f-AF4) @1 azaleucine(AZL)3} O-methylthreonine
(OMT)YS ol-83lsdct. AZL A WHo|F(AZ series TF
2 g9)9} OMTol ot #3}A W o|5(TH series TF-E-
tt‘“3)—— AVMs == small “a” component®] F74]<] isoleucine
< Fgoz APl FSHLE AVM B HFeE
A= Zlos veldo{13]. AZLZ OMTe]| w3t #{3
A Ho|F AL OMT == AZLe] Bkt 52 FHrke
Z}zke] F 4 g A o] AT £AE UVt NTG
(N-methyl-N'-nitro-N-nitrosoguanidine) *&}¢} 722 F¢d
o) e TS, i Eaddle] 24 ¢lo] TU F,
AR colonyS Helshe whiell 219 FA=IRet 2 @
A A 2] 242 o3 2} glycerol 5 g/, NaCl 2 g/l,
KNO;1 g/l, Na;HPO, - 2H,0 0.534 g/, MgSO, + 7TH20
0.5 g/l, KH,PO4 0.272 g/l, trace elements solution 0.1 ml/
1, agar 20 g/, ©17] A trace clements solutiond- ©}-£-2 =
Aoz o]Fo]x g} FeSO, - 7TH,0 0.1 g, MnCl, - 4H,0
0.1 g, ZnSO, * 7H,0 0.1 g, distilled water 100 ml. A3
= 20%9) glycerol liquid stock® 2 -80°C Y510l 2
B T, B2A ho ZASAQ ISP Aol HE
shod 28°Coll Al 8UzE wiokslATt. ISP APH wiA|e] 2402
237 2o malt extract 15g/l, yeast extract 5 g/l
soluble starch 5 g/l, CaCO; 3 g/, agar 20 g/l. 27} A

S ZATE SAsle] et 2 28] Al A
Z3l9d v} soluble starch 30g/l, yeast extract 15 g/,
cornsteep liquor 5 g/, KH,PO4 0.4 g/l.

Sl W MAHHeF =74

FruloF2 30 ml culture tubeoll 10 mie] AdAA| S A
7] Rk wiekrlell M 28°C, 230 ipm o2 48A17F B4t HH
&t F 10%(viv)E AARA | HEsqct, abiR|e] =
A2 o537 72t} soluble starch 132 g/l, soybean meal 10
o/l, skim milk 15 g/, KH,PO, 0.5 g/, PEG 2,000 2.5 g/l
AR ok o] el 2HF Aol A= 30 ml culture
tubecll A 10 mle] WAMNR] 2 3 o m | FuFFol| M= A
A Y 84 3@sle] 250 ml flaskel] 30 mie] AAk
W2 S sl Aabgek 2702 Aok w2l
upz7 A2 28°C, 230 rpmeE wioFslel.om] 7zF wiokst
F AVM B0 HAMI-S 1t wix|e] A H Aol
RS dakel AR R AL WA $siA 71
o) FE& F53ked Dad Fell T Aol A A
AbA) Bl 5} Eglsle] ARE-SlodT)

THEE 24, AWM By, =& ¥ HE &4

TATEE AZFFDOCW)E ol83l] A3 o
gt FAAE 10 mke- o] 15,000 rpmell A 108-7F QAR
e ¥, wolle B Y 5L FF4E 3 Ao
weighing dishol] Hol 90°C dry ovendll Al 12A]7F 5t %
28 & A2FFL | JEFo2 BAkshe] thehiich
AVMsE F&317] 938l 10 ml«] S. avermiltilis ¥} °FN &
29 methanolS A718le] E318F o], 124]17F 54t 230
rpm, 28°Ce] Zlehfekr]eA & ﬂ F, 15,000 rpmellA] 20
7 24 4] Felslel AVM B EFEEE Sl 1 mi9]
58-S Fs] HPLC AZFEAHS AXslgith AVM B, &
Fgol o gl 223k AVM B, 2 100 mg/l~500 mg/le] &
X2 methanole] £-8sled A3}l HPLC -4 =72
G2} 2} column Mightysil RP-18 GP 250-4.6(5 um)
(Kanto Chemical Co., Japan)& A3} 31, mobile phase
= 85% methanol} 15% S742 TAY E38AE AH-
sl ow, §4-2 1.2 mV/minZ 31+ Column &%+ 40
SCE IA3}Y T, UV absorbance detector(Younlin Co.,
Korea)E o]-83led 246 nmellH AR 8] AVM B = #HE
3}3ic}.

N Y, MY { EE =A

S. avermitilis®] VHAAE A7) s ISP ApHu| Aol A]
8U7t wiokst AT EAME 343e] glycineo] A7
ek z]Ql P-mediumel] HE31}. P-medium®] A3
o}-2-3 2t} glycerol 10 g/l, yeast extract 10 g/l, sucrose
205 g/l, CaCl, 3 g/l, MgCl, 6 g/l, glycine 10g/l. AF ¥
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37°C, 230 rpmC-E. 4847k 5ok wiekgt Fol 4,000 rpmel]
Al 105 B9t 94 Eelsled HAIE g3l deldls
WA AE-E AL FAE AR ENE REE7] §
8 sucrose 20.5%7F E3E M 3402 23] A3
TN NaOHZ AR&3le] pHE 6692 &) M 3-8
o) ZAL &3 Zvh: sucrose 205g/1, CaCl, 3 g/,
MgCl 6 g/l, KC1 0.075 g/l. 7L F A|E8-& A|As7] H3l
0.6%2] lysozyme(Sigma Chem. Co., USA)e] < M <
8ol FAZ FeAA 28°C At wjakrlolA 9087t &
s HFSAIATE 2 F 2,000 rpmoll A 208 F4F AAE-
28t F M 9380z 23] AAH3le] lysozymes H AT
=, cotton} 20-25 pme| AR R oJHsled FALE AlA S
et o]} 7o) A23F WHAAE hemocytometers AHE-
slo] Aslgich. FAE APFHAE M o= M)
4= M3t 0.6%2] agarrt T soft WAl Hekdt =,
AR el pour platingdted 28°CollA 59U <t MEH S
AN Z. AYaAe] 24L& o3t et sucrose 205 g/
1, glycerol 5 g/l, NaCl 2 g/l, KNOs 1 g/, Na,HPO, - 2H,O
0.534, MgSO, - THO 05gl, KH,PO, 0.1g/, trace
element 0.1 ml/l, agar 20 g/l. 39 YA 2] APl =+
o} o] )t} hemocytometer® AlE U3 A A<
(A}, o1 2 A iR]e) pour platingsled YJeRd colony
9] B)E SA8kL, YA A=A S AFIRFEAIN} A
7151 A] 9k2 wiA)ell pour platingdted vheld colony®]
(OF AT F, oh Al 23] Akt

A3 AA ) Wul = (regeneration frequeny) = (B -C)/A

A7)e) Wi or AR S averminlis2] VA 1x 10
protoplasts/mE 2,000 rpmellA 20%3F A4Eelsted 0.1 ml
o] M gHe] detaZie). o] gl 1mie] §F-&-Y
(fusion solution) & 7}8}31 28°CellA] 180 rpmeE 57-7¢
R4 §3S F=sin. e =L oE 2
o PEG 6,000 500 g/l, CaCl, - H,O 3 g/l, MgCl, * 7TH,0
6 g/l. 1 F 4mle] M A 7ste] §3E FAAT)
31, 0.1 mlE soft agardl] £33 F A AYuA|ol| overlayd}
At

NTG X2lof| 2|3t HHHFA e EQH0| f= ¥ R=E
Ho|FTECl AN SE

A x5 G3AH ] HEEXr} 1x 107 protoplasts/mlo]
HEE 28mg/mle] NTGES 458 5o A (XA oF
95%)3}ed, 2,000 pmZ YAE2] 313 sucrose”} E3E M
Agelog o AAF F, He] el YA A=
0.1 mlel) 34 1 miE H7Fsled 28°C, 180 rpme| =71
oA 587 AFAA S A= F, AHRREAT A
74Ee] gl AA iAol overlaydte] 28°CellA] 10U 7wl
oFald et

UV =A0] o8t siExel S0ito] R ¥ RzE H
O|FE9| d&EA B

#HZ257} 1% 107 protoplasts/mlel S. avermitilis®] 43
Ao 2AHEe] ¢F 95% A E HES UVE ZAll] 54
Wo| 2 =3t F, wo] Al AAA =ty 0.1 miel
el | miS 3R o5 Ao AN F3S
Alxsielel. I F ARRSREAA 7L ZrlEe] ol AR
o) overlaydted 28°CellA 1097} wioFsldet. A€ &4
ol 7PA|HAle) o) YA R B EEE Al sl
22 AFAAE e ZE A 7|7 4FF filE R
A Aoz 7P| B4l 23 photoreactivation d4}e]
AR EE st UV HeEles shaellAl 254 nme]
15W UV lamp 270 25 cm Ag]ellA] 280% F4F 303 7H
Aoz zARIIeh Z §F 0.1 miE pour plating® 2 wljoFst
5], Z47re] Z7A12] colonyE AlFsted, UVE 2 2]3}#]
42 o ZF(control)ell A WEEE T3k

zd

Zd I.I:II _T_|7'<I-
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kel

MH|UA| glycine S& X TH{QFA|ZIO| AR M
of ojRl= L& AL

dupd oz AuwjofA glycines 71 ¢ AEHE F
A FoEm 43AA S A deiA sdu{12],
B Aol ME glycine 5=t A3AA A vA= 3k
2 3}elar] Y3, 0%AA 2.0%(wv)e] glycinee] A7}HEl
A uj Ful x| (P-medium)ell AFTFFE A Fsle] wjokat ),
0.2%2] lysozymeS *2]&}ed AyPAA A HEE Bla =
A}skaact 37°CelA 48x12F wicksled wAlE B)4gE F A
ZIA S SN lysozymes 22sle] 3A3E U333
o] &, a3 AFAA L] JA AZHE HAAA(Fig. D).
GlycineZ 1.0%2] T2 H7lste] Aujeksr A-5oiM 2o
2 A3 FAEU 2T, 1.0% oA el 7A|
Aeo] A AsEa AFAAL] 7t FA3] Fashe
A48 B S gJginh. ulebs ol Fe| AAA HFAS ¢
g AHFFe] AufekA] glycineS 1.0%(v/v)S-2. H71317]
2 ARl B A As) H53 A3 dgk e
73 AFR1% Fig. 20 AAEk

8t Streptomycetes’s= UWHE 22 exponential phase}
stationary phase A}o]ol] 281 transition phasel| Al Zth
LHFAANF A& H AYEE Helr, o] A7]¢] FA=
ko QJabgel] wls] YRS oheF S| el d3A
A APl 9lelA B} Fapdoleta B s wh gle(1]. v
g} AYAFFF9] transition phaseZ B4 3171 21l 7712
250 ml flaskell 50 mi2] Mujckl A S H7Febar, 4 A=
NG AF3N] 37°ClA wikslEAl 24717 17H9] flask
£ 358 AxdAES S48k Fig. 30l AR’ v}
7ro) AARFTE wiek AlZF 3 9F 48X|7el| transition phase
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Fig. 1. Protoplast formation time, protopalst number and dry
cell mass according to the concentration of glycine supple-
mented into the P-medium (lysozyme concentration is 0.2 %

V).

(A)

(B)

Fig. 2. Microscopic photographs for S. avermitilis. (A) Before
lytic enzyme treatment, (B) After lytic enzyme treatment.
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Fig. 3. Time-course profile of dry cell mass in P-medium.

YitgFo| AN Y, BE ™Ml HFHEZ A
ol HME AHINS 2AE E=Ab

AR QYAANE A& ez 7] Sl =
2] Tepa} Wep4h 9 WA P1AE 3L 4
B2 A A AR = (regeneration frequeny)S A 7|F22. 3
A ZA¥SII . Table 19 AT S, avermitilis®] Q3
AA P, §F 7 AL sl 7 kil dis 2k
HA2] AYx7dg goksle] Alr|slet. kel =9 )
oFRo o] YA =S 2 10204 5x 10"
Helel EAshs ALz el o] o F2] 93AA 3
AR AR B AY Ao d2 e miFEAeAA
eyl

4718 S B9 A AHAAE o] 8N =12
o &3 AL 3] Hd, HAE AYAAE B
B Pie ARG, QUAeE ATE e
BAs7] J8iA -180°C liquid nitrogen tanks- o] 831= 7
$7F @oi14]. 2 ATFelAE AR LYFAAE liquid
nitrogen tankell 2% A}, 43 AA 7} diEe A4S FHa
e 2718 B3] 8l ohofst 202 RPgaS
A)Z3}d liquid nitrogen tankol] B3 3 W A|zle) u}
2 9324 AP EF ARG L] 242
&3 Zt}: (i) DMSO 10% + FBS 20% + M ¢H38-o8
70%, (i) DMSO 10% +FBS 20% + Glycerol 10% +M
9hZ 8N 60%, (iii) DMSO 10% + Glycerol 20% +M
28N 70%, (iv) FBS 20% + Glycerol 10% + M ¢+3&
Y 70%. 27+ EANA wjek Aol whE A3AA L] A
A =S ZIg A} (i =AM oF 1x107%] 7 ¥
2 A=} et o (Fig. 4), 718 271 E Hast
F A3 AP EE= B ol o3RS WA o=
AL #eld 4 ldchFig 5). B Ade A2 ols) A
2 d3dAdA ) o] slssl e, A3 3 5
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Table 1. Optimum conditions for formation, fusion and regeneration of protoplasts of Streptomyces avermitilis.

Parameters affecting formation and fusion of protoplasts

Optimum value

Lysozyme concentration
Length of time for lysozyme treatment
pH of M buffer (osmotic stabilizer)
Composition of regeneration medium
pH of regeneration medium
Temperature for protoplasts regeneration
Molecular weight of PEG as a fusogen

Concentration of PEG as a fusogen

0.6% (v/v)
90 min
pH 6.6

Minimal medium supplemented with 205 g/L of sucrose
pH 6.5
28°C
PEG 6000
50% (v/v)

Regeneration frequency (*1 0%

DMSO10% DMS010% DMSO010% FBS20%
+ FBS20% + FBS20% + Glycerol20%  + Glycerol 20%
+ M solution  + Glyceroi20% + M solution + M solution
+ M solution

Fig. 4. Regeneration frequency according to protoplast preser-
vation method in liquid nitrogen tank.
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Fig. 5. Regeneration frequency according to lysozyme concen-
tration and preservation period in liquid nitrogen tank.
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B AlSe]] AL8E S aqverminlis®] 7% Y3AA g5
Al F2] FAQIAIE ARgslarat ofoka 74 ol A Al
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Aoz qldl, AAl Jk8 A TF7 A A8 ke
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ellM Edwe]dS Helslar] Wil Edie] Az ¥
Al 2] Agolls 7] diie] AAEA AR, 53
AR U3AA 53 DAE AXA =HE gl |X
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o2 ek gopld YRAAZ} AAbo] Wi ¥A E
Aule] A2lE F, AAAA ST ofs) ABHoZ A
o AAFFE ¥R 0 Az $HFFE T4
o} 91& 7PeAe] w19 e Ao s,

NTG X2lofl olgt |XX} XY=EA| M™ 2 AVM B2
MAY ZAL

NTGE 242 3124 (alkylating agent)2 B} S o] fxt
213} 52 error-prone repair 7|3l 2]3l] E<dwolE
sl EAlojd), UV S o)7} 74419 transversiono| v}
deletions f-=31=4] B]&], NTG= GC pairs AT pairZ ¥
A7 BAR v W RS ol ubd, 4
o] go] Fo} ojxlAES] A I A] dE] Ab
451 9l Sqduo]do|tH15]. B ATelAl: Sadde] &
whEale] NTGE o83t -4t AxgAlE Adslat st
A}, 93453 ILEY (partner) 24 OMT XA FF<)
TH150-59 AZL A3 #5721 ZH27 %= ZH35% ©|-83}
Aok A7lelA BE FHA 220 o 4slM F oA B
o] IHAAE JAF F, AXEe] 95% BE HE 2.8 mg/
ml®] NTGE 45% < A=3lsic}. 28]al NTGE Azt
2Z2] 43AA 2 0.1 mlo] 1 mle) §3-84L A7}l
28°C, 180 ipme} 7oA 583 43 §3& A= F
AREQRIAA)7F 7] Q1 ANAuiR]el] overlaydle] 28°C
oA 107k wioFst A}, A 5FE FYIA 2
$oll= Al 2E SAA 7} AMEEg e, 58 1A
= 93§32 Y3 Aol FH 48%71x] 5=
g WA 5 qlsivhe] Al ule} oF 43% H=rt A
2t Az FAY Ao A} o] Foll= §3HSol
o) AER} #E AT YHI)(Fig. 6).

P S5 AVM B, S ElE] 1) §
3] 250 ml Ze}AFelA 7U7F 30 ml FEZ. w3t A3
ookt AVM By, A2 morphology?} A= i o} (Fig.
7). &% ZkEQl tizgto] ShFE oF 4,800 units/1¥ AVM
B, BAMIE Bl wbd, 48253k = 8,400 units/l S
o] S Hed F= = 17 A= MAbAle] dkakel
g9 3 FES AT 5 U 53] TH150-59
ZH35 §32] 7%, Aol oF 9,400 units/lZ <F 20 A
= 3E T 53 4 sie A AeldlA =
AW o] Fo] 2 NTGE Eol o= AMEsto] o|x}v)
A} Az odakE WS ek shdEL, o] e} 3o
A ] B 3T o SR AEAA Y
ol o|ZAALE A B AP Al w229l Wb
g AA = AoEA F53 geiola sl

UV X2l 2Jgt STz ME X AVM B2
AHd =Ab
EdWo] o2 NTGH vl3l & o] £33 UvE A3}

(A)

Survival percent (%)

ZH27 TH150-5 Recombinants

(2H27 X TH150-5)

Strains

(B)

ZH27 strain TH150-5 strain

Recombinants between ZH27 and TH150-5

Fig. 6. The effect of NTG treatment on non-fused proto-
plasts (ZH27 and TH150-5) and protoplast fusants (recombi-
nants) as represented by (A) survival percent and (B) number
of survived colonies.

of §FTE A3l o524 AVM B8 A XS
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Fig. 7. Histograms for AVM B, production by the recombi-
nants derived from protoplast fusion through NTG mutation
of the protoplasts (NTG exposure period of 45 min was
applied).

(A): protoplast fusion between TH150-5 and ZH27

(B): protoplast fusion between TH150-5 and ZH35.
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nants derived from protoplast fusion through UV mutation of
the protoplasts of TH150-9 strain and ZH3.5-14 strain (UV
exposure period of 270 sec was applied).
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