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Strain Improvement by Interspecific Fusion of
Streptomyces actuosus DMCJ-49 and Streptomyces minoensis
DMCJ-144 producing a-Amylase Inhibitor

Ji-Hyun Kim, Eung-Chil Choi and Byong-Kak Kim

College of Pharmacy, Seoul National Universily,

Seoul 151-742 Korea

Abstract— Streptomyces actuosus DMCJ-49 and Streptomyces minoensis DMCJ-144 produce the
a-amylase inhibitor, Inerspecific protoplast fusion technique was used to increase the productivity

of a-amylase inhibitor. Four auxotrophic mutants were obtained

respectively from two strains

by N-methyl-N'-nitro-N-nitrosoguanidine (3 mg/m/) treatment. The optimum conditions for the pro-

toplast formation of Streptomyces actuosus DMCJ-49 ade

was as follows 1 1.2% w/v of glycine, 3

mg/ml of lysozyme, and 30 min of lysozyme treatment followed by 36 hr. incubation in the protop-
last formation medium. In case of DMC]J-144-his
60 hours, respectively. Regeneration was accomplished with hypertonic soft agar medium that con-
tained 0.4 M sucrose, 20 mM CaCl,, 50 mM MgCl, and low levels of phosphate. Fusion of protoplasts
carrying different auxotrophic markers was achieved by treatment with polyethylene glycol. The
optimum concentration of polyethylene glycol 1450 for the production of recombinants was 40%w/v.
When the protoplasts was treated with 40% polyethylene glycol for 30 minutes, the frequency

of recombinants was 6.5X 10

* and the a-amylase inhibition activity of ade”

those were 1.2%w/v, 3 mg/mi, 30 minutes and

X his~ No. 4, which

is the fusant with the most improved activity increased from 33 to 125 LU./ml.

Keywords[ ja-amylase inhibitor, Streptomyces actuosus, Streptomyces minoensis, protoplast fusion.
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Table I—The optimum conditions for mutagenesis in Streptomyces actuosus DMCJ-49 and Streptomyces minoensis

DMCJ-144 with NTG.

Strep. actuosus DMCJ-49

Strep. minoensis DMCJ-144

Time concentration surviving mutation surviving mutation
(min) (mg/m/) fraction frequency (%) fraction frequency (%)
0 - (1.000) (1.000) —

30 1 0.251 0.020 0.362 0.030

3 0.003 1.102 0.025 0.051

60 1 0.550 0.011 0.240 0.043

3 0.001 5.220 0.014 0.202

90 1 0.240 0.050 0.320 0.044

3 0.002 1427 0.004 1.132

120 1 0.058 0.119 0.210 0.064

3 0.003 1.032 0.044 0.240

150 1 0.048 0.137 0.190 0.094

3 0.002 1.341 0.024 0.588

180 1 0.039 0.189 0.241 0.046

3 0.003 1.032 0.016 0.236

Table II—Mutant strains of Streptomyces sp. used in
the experiment.

Strain* Genotype** Strain* Genotype™*
Strep. actuosus  prototroph  Strep. minoensis Prototroph
DMCJ 49-1 ade DMCJ 144-1 his
DMC] 49-2 cyt DMC] 144-2 ade
DMC] 49-3 hyx DMCJ 144-3 met
DMC] 49-4 thi DMCJ 144-4 thi
*All mutants were prepared by NTG mutagenesis

using spores.

**Abbreviation | ade, adenine : his, histidine : cyt, cy-
tosine : thi, thiamine : met, methionine :
xanthine

hyx, hypo-
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The number of regenerated The number of regenerated
colonies diluted with —  colonies diluted with

P buffer distilled water

X100

Total number of protoplasts per plate
AEAAH| %ﬂ"”——‘{’* auxotroph®] protoplastZ |
2 Al R|el] z+zd A ZEs}o] back mutaiond HE
e &, %ﬁi}% 8887l 9lel F auxotroph®]
protoplast & 53 41°o]4] 1ald-efsle] AbgdE uf
i gict. pellet& &gt ¥ <34k polyethylene gl-
ycol(PEG) £4-8- 0.9m/ 7}8}o] 18 FoF Al2of 4

Ay &5 ukg-A7 thg 4 m/ 2] medium PH

L

7batar «1A1E-21(1,000X g, 10 minutes) 3te] PEG %
48 F3x]A)1Zch medium PE 1.0 m/ 7}5F 3 k3|

3|4 3lod medium R2 3 # A& ziAwlRle 0.1 miA
AEspa 29T A wiekdte] 29 7FES R colony
TE ‘ﬂ‘”dr

AL oheah ol Attsaich

Fusion frequency=
The number of prototrophic colonies grown on R2 mini-
mal medium

Total number of colonies grown on R2 complete me-
dium

SEETo| AN -4 AQuiA|edlx YA

$3hrae] B zAkE 918 WA oat meal WiX 2

&7 4 wloFgt & wjck o} © 2 modified blue value

method™ol] ¢]3le] g-amylase aHHE& F3 s}
prototrophe} ¥]izslaich
Ao 3 oF
oo R W FUATH ¥Oo|Fe| MY —Spo-

rulation agar mediumel| 4 1047t vik3l-& of Stre-
ptomyces actuosus DMCJ-49 5 2 Streptomyces
minoensis DMCJ-144 5 25 ofsspd A&
gAstedek F Aol A (marker) & Eol7] 98t
o NTG+= Table 1ol 4] vielst upe} 7he], Streptomy-
ces actuosus DMCJ-49 #F+ 3mg/mi®] T2 60
E7V, Streptomyces minoensis DMCJ-144 47+ 3

mg/mie] FER 007t WeAlge] AYRE o

J. Pharm. Soc. Korea



a-amylase A& A QYAAF Strepiomyces®] F7b &7 33

Strep. actuosus

i " A

Protoplast Number(10°/m/)

Strep. minoensis N

:
Dry Weight(g)

;

e

b " e " | " —_

] A A i
0 0.2 o4 06 08 10 1.2 14 16 1B

P S
0.2 0.4 06 0.8 1.0 1.2 1.4 156 1.8

Glycine Concentration(w/v%)

Fig. 1—Effect of glycine concentration of culture medium on growth(®) and protoplast formation(::).
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Table II--Effects of the molecular weight, concentra-
tion and treatment time of PEG for the
protoplast fusion.

PEG Treatment time  Recombination

Mw.  %(w/v) (min) frequency

— - 3 22X10°°
1450 40 3 12x10 *
3550 40 3 25X10 ¢
6000 40 3 1.8X10 *
1450 - 3 14X%X10 7
1450 20 3 25X10 ¢
1450 40 3 1.1X10°#
1450 60 3 57X10 ¢
1450 40 0 23X10°°
1450 40 3 80Xx10*
1450 40 10 12X10°3
1450 40 30 6.5%10°*
1450 40 50 43X10°°
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Table IV—The protoplast fusion frequencies of several
genetic crosses to select higher a-amylase
inhibition activity.

Cross* Frequency Cross* Frequency
(genotype) (%) (genotype) (%)
OMCJ 49)x (DMC] 144) (DMC]J 49) X (DMC] 144)
ade™ X his™ 26.3 hyx Xhis~ 7.3
ade Xmet 7.1 hyx Xade 9.1
ade” Xthi 42 hyx ™ X met 144
cyt Xhis 9.3 hyx Xthi 18.3
cyt” Xade~ 52 thi~ X his~ 21.0
cyt™ X met 83 thi Xade 4.3
cyt Xthi 5.7 thi~ X met 124

*cross . auxotroph of Streptomyces actuosus DMCJ 49
(left) X auxotroph of Streptomyces minoensis DMC]
144(right)

Abbreviation . ade, adenine : his, histidine : cyt, cyto-

siue & thi, thiamine ; met, methionine ; hyx, hypoxan-

thine
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