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Strain Improvement by Interspecific Protoplast Fusion of Streptomyces griseus
and Streptomyces hygroscopicus producing Acetaminophen
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Abstract— Acetaminophen, a widely used analgesic, can be formed by N-acetylation and p-hydro-
xylation of aniline. Interspecific protoplast fusion technique was used to get acetaminophen directly
from aniline and to increase the productivity of acetaminophen. Three auxotrophic mutants were
obtained from S. griseus(ATCC 13273) and S. hygroscopicus(KCTC 1089) by N-methyl-N'-nitro-N-
nitrosoguanidine(NTG) treatment. Regeneration frequencies of S. griseus(his~), S. griseus(lys™), S.
hygroscopicus(arg™) were 42%, 45%, and 31%, respectively. Fusion of protoplasts carrying different
auxotrophic markers was achieved by treatment with polyethylene glycol. When protoplasts were
treated with 50% polyethylene glycol for 3 minutes, the fusion frequency between S. griseus(his™)
and S. hygroscopicus(arg™) was 3.8X107% The fusion frequency between S. griseus(lys”) and S.
hygroscopicus(arg™) was 5.6X107*. When we checked the production of acetaminophen, thirty-four
out of the fifty-six fusants produced larger amounts of acetaminophen than the parent strains did.

Nine fusants produced twice more and twenty-five fusants produced one to two times more of
acetaminophen than their parents.

Keywords [ Interspecific protoplast fusion, acetaminophen, protoplast formation, protoplast rege-
neration
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Fig. 1—A possible biotransformation pathway.
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Table 1—Mutant strains of Streptomyces spp. used in
this experiment

Strain® Genotype” Source
Streptomyces griseus prototroph ATCC13273
SG1 his™ ATCC13273
SG2 lys™ ATCC13273
Streptomyces prototroph KCTC1089
hygroscopicus
SH arg_ KCTC1089

Streptomyces mutants were prepared by N-methyl-N'-
nitro-N-nitrosoguanidine mutagenesis using spores.
PAbbereviation: arg, arginine; his, histidine; lys, lysine.

Table II1—-Reversion frequency of auxotrophs of Stre-
ptomyces spp.

Strain Reversion frequency?
S. griseus(his™) <1.0X107%
S. griseus(lys™) <14X1078
S. hygroscopicus(arg™) <29%107°

‘Reversion frequency=The number of regenerated
colomies on R, minimal medium/The number of plated
protoplasts

Aok 30| MY — Sporulation agar mediumel]
A 257} wlokstel & | Siveptomyces griseus, Stre-
plomyces hygroscopicus ¥F BF %3 3A EAE
A st $UAE A2 ) 918 EA)(marker) &
Bo]7] $)3te] 742te] F5o NTGE 3 mg/mi®] F
T2 12087 A A 48T HelFE ddth
Auxonographic methodS o]-8-3}ed S, griseus+ hi-
stidines} lysineo] S. hygroscopicust arginineo] <3
FQT EA9L #HalstoirkTable D). Q& <dt
T7F AEAA Fg) A ¢ US AR
AGA & ool¥ 7] $3] prototrophe o] H3E-L
Al Y Al L TF BF 1070 ~10 A =
S 2= AT 987 HTable 1.

SAYB A Y —S. griseuss 04%9) glycine S &
$-3H= Sull Aol A 48417k Wi k3l 1.0 mg/ml lyso-
zyme o 2 32TCol A 12087 A]sle] U3AAE
A o] AR N4 AW ZE W histidined
ok Q T30 AB-E-E 42%, lysine FY QT )
8- 45% ). S. hygroscopicus 2] 7350l = 2.0%2)
glycine2 -3 Swlx| oA 484]7F wlok¥F 25
mg/ml lysozyme & 2 32T ol A 12087} A2)sle] 4
FAAE AL o] F AR o] =rgsted YA S
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Table III—Regeneration frequency of Streptomyces gri-
seus and Streptomyces hygroscopicus

Strain Regeneration frequency®
S. griseus(his™) 42%
S. griseus(lys™ 45%
S. hygroscopicus(arg™) 31%

*Regeneration frequency(%)=[(The number of rege-
nerated colonies diluted with P buffer)— (The number
or regenerated colonies diluted with distilled water)]
<+ (The number of protoplasts per plate) X 100

w arginined ¥ 2752 ANAYE-L 31%HAcKTable
I1D).

HEAN S -dSF2TF YYAAE A
Au) Aol H%stod back mutationd #2134 o
Sl AR d3AA el 10°~10° protoplasts/
mi7tA = oY o R A=A dodrh S griseus
histidine <3¥Q 759} S. hygroscopicus arginine 3
A7k 3T E 10°AHEYGT S griseus
lysine%d Sk 59} S. hygroscopicus arginine®d %k 2.
TFF7k FEE 1043 x 9k PEGE Aed
23 A2l skA] o2 RS v E3%S W= PEGHE
o] 23 ¥ = E Hehl ol PEGEA 2
ztolo)) et HTE Apo)E o)A ¢otvHTable
V).

HY2LEA|ZIo TFE acetaminophen AH4AIZHH 31— )
kA7 el w}E acetaminophen A WM 17|
A8l S. griseuss} S. hygroscopicus <R3 z4z}
Theriault’s screening W Aol =3} 48417} wij<k
% acetanilide ¢} anilined 7]1AE WolF T oA 4]
7} Ao g wokelS F3le] acetaminophens & 2k
4 2As9ed S griseus®] A= 71 FAF
120X 7}ol|(Fig. 2) acetaminophen <3 o] Z| ool
S. hygroscopicus®] 75+ 714 F%F 1441]7}l
F| | siciFig. 3).
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Table IV—Fusion frequency by protoplast fusion

-

15 .

101 =

Concentration of acetaminophen{ug/ml)

05 20 40 60 80 100120140160180
Incubation Time (hrs)

Fig. 2—Effect of culture time on production of aceta-
minophen by S. griseus. Cultures were grown
in Theriault’s screening medium, samples were
drawn at different time intervals and produc-
tion of acetaminophen was measured as des-
cribed in Materials and Methods. Acetanilide
was added to the final concentration of 500

ng/ml.

seus2} S. hygroscopicus®] acetaminophenZ&eo] 7|
A FolF 1204)7k3} 144270 FHojleng §§
Tl i Ae 7| A F o] 3 1204] 7)) acetamino-
phenAAakg SA3kct S gn'seus lysine °3<k8
T3¢} S. hygroscopicus arginine 3% 7-F7ke} &
&3} S. griseus histidine <3 %872} S. hygrosco-
pices arginine % FQTF74e] el A AL 5652
@A Nl =l E W ZgFell v aceta-
minophen AAe] 7% FFE U 3459
Sahaoll 9)eJA] acetaminophen AJAdo] Z7}alsich
(Fig. 4). 443 FF F 9FFE 27 F) H)3) ace-

. [}
Fusion frequency®

Cross without PEG with PEG
PEG 1000 PEG 3350
S. griseus(his™)XS. hygroscopicus(arg™) 57X107° 29X107° 38%X10°°
S. griseus(lys ™) XS. hygroscopicus(arg™) 42X107° 56X107* 56X107*

*Fusion frequency=The number of prototrophic colonies grown on R;MM/The number of colonies grown on R,CM
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Fig. 3—Effect of culture time on production of aceta-
minophen by S. hygroscopicus. Cultures were
grown in Theriault’s screening medium, sam-
ples were drawn at different time intervals and
production of acetaminophen was measured as
described in Materials and Methods. Aniline
was added to the final concentration of 500
pg/mil.
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Fig. 4—Production of acetaminophen from fused colonies. Fusants No. 1-26 were obtained from cross of S. gri-
seus(lys™) and S. hygroscopicus(arg™). Fusants No. 27-56 were obtained from cross of S. griseys(his™) and

S. hygroscopicus(arg ).
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