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Separation and Purification of Actinomycin D by Nanoscale Polymer Particles
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Fujian Institute of Microbiology , Fuzhou 350007 , China

Abstract : In this study,the separation and purification process of high-purity actinomycin D was investigated. The types
of nanoscale polymer particles and the elution conditions were observed. The optimized processes were as follows ; PS 40-
300 (based on polystyrene/divinylbenzene mediaparticle size 40 wm, pore size 300A) nanoscale polymer particles was
determined as the optimal chromatographic filler. Actinomycin D crude samples were extracted from the fermentation
broth of Streptomyces strain. The crude extracts were dissolved in the ethanol-water (95:5,V/V) and loaded to the col-
umn wet-packed with polymer particles. The amount of sample was 0.5 g/100 mL filter, the elution speed was 5.0 mL/
min,and ethanol-water (65:35,V/V) was used as the eluent. Actinomycin D with high purity and recovery were ob-

tained under the optimal conditions. The established process was simple and feasible for further industrialization of acti-

nomycin D.
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Introduction

Actinomycin D ( AMD, Fig. 1A) belongs to the group
of antibiotics containing two pentapeptide lactone rings
at positions 1 and 9 of the chromophore phenoxazinone
ring isolated from various strains of Sireptomyces and

131 Tt has been used clinically as a

related species
chemotherapeutic agent, with excellent results in the
treatment of Wilms’ tumor and gestational choriocarci-
noma'**’. In the fermentation of AMD, the producing

strain also produces one major minor component actino-
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mycin S3 (AMS, Fig. 1B) 7. The similar chemical
structures among these two products make it very diffi-
cult to separate them from each other,which necessitate
an efficient method for solving this problem.

The isolation of AMD has been, so far, based on normal
chromatography , and the silica or acidic aluminum ox-
ide was used as media. But the separation procedure of
this technique is not efficient to obtain AMD 7/
Nanoscale polymer particle is the high performance pol-
ymeric reversed phase chromatography media. The tru-
ly spherical and monodisperse sorbent with optimized
pore structure provides excellent selectivity, low back
pressure, high retention capacity and recovery yield,
minimal elution volume, exceptional batch-to-batch re-

producibility , with outstanding chemical and pH stabili-
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ty that can perform in a full pH range of 1 to 14. There-
fore, it is increasingly applied effectively for both re-

8-10
(8101 However, no

search labs and industrial processes
report has been published on the use of nanoscale poly-
mer particle for the separation of AMD. The present
paper described a very successful method to prepare
AMD with high purity from crude extract of Streptomy-
ces fermentation broth. The separation conditions were

optimized after the investigation.
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Fig. 1 Chemical structure of actinomycin D (A) and

actinomycin S3 (B)

Materials and Methods

Apparatus

MPLC was conducted on an EZ Purify III system
(Shang Hai Li Hui Chemical Group Co. ) ; The analyti-
cal RP-HPLC was conducted on a Shimadzu 20A DAD
series system; Rotary evaporator was from EYELA N-
1100, Japan.

Reagents and materials

Nanoscale polymer particles [ PS40-300 ( based on pol-
ystyrene/divinylbenzene media, particle size 40pm,
pore size 300A) , PSN40-300 ( based on poly divinyl-
benzene / acrylic media, particle size 40pm, pore size
300A) ,PMM40-300 (based on polyacrylic media , par-
ticle size 40 pm, pore size 300A) ] were purchased
from Jiang Su Nawei Group Co. All organic solvents
used for separation were of analytical grade. Methanol
used for HPLC analysis were of chromatographic grade
( Merck , Whitehouse Station, NJ, USA) , and water was
distilled before usage. The fermentation broth of AMD
was provided by Fujian Institute of Microbiology. The
culture broth was subjected to column chromatography
over macroporous resin,and eluted with 75% ethanol.
The ethanol eluent was concentrated , then the residues

were extracted four times with EtOAc to give the crude

extract sample for experiment.

Separation procedure of AMD with nanoscale poly-
mer particles

Three nanoscale polymer particles ( PS40-300, PSN40-
300, PMM40-300) were selected for the separation of
AMD. Firstly, these nanoscale polymer particles were
soaked in the 0. 1 mol/L NaOH for 3 h, and then
washed to neutral with water. These pretreated polymer
particles were subjected to the column (2. 5cm x 40
cm). 0.5 g crude extract sample dissolved in the etha-
nol were loaded to the column wet-packed with above
polymer particles, and the elution conditions, including
amount of loading sample, elution speed, and concen-
trations of eluent were optimized. The effluent was mo-
nitored by HPLC at 254 nm and the fractions contai-
ning above 95% AMD were collected manually accord-
ing to the chromatographic peak profiles displayed on
the recorder.

HPLC analysis of the fractions

HPLC analysis was conducted on a Hypersil C,; column
(250 mm x 4.6 mm i.d. ,5 pm) using a methanol-
water (72:28,v/v) as mobile phase,with a flow rate of
1.0 mI/min at 40 C.

254 nm. The purities of the collected fractions were deter-

Chromatograms were recorded at

mined by HPLC based on the peak area of the target spe-

cies normalized to the sum of all observed peaks.

Results and Discussion

Screening of nanoscale polymer particles

100 mL of the 3 pretreated polymer particles were re-
spectively put into column (2.5 ¢m x40 ¢cm) and 0.5
g of crude extract sample (Fig. 2A) dissolved in the
2.0 mL ethanol was added onto the column, and then
eluted with 300 ml. water and following with 65% etha-
nol solution at a velocity of 5.0 mL/min. The eluting
solution was collected and the purity of AMD was de-
termined by HPLC (Fig. 2B-D). The eluent fractions
containing above 95% AMD were pooled, and the vol-
ume and content of AMD were recorded as the results
shown in the Table 1.
the elution yield of AMD was the highest at the separa-

From Table 1,it was seen that

tion process by PS40-300. AMD was better separated
from AMS by using PS40-300.
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HPLC conditions ; see Section 2.4. Peak 1 correspond to Actinomycin D.

Fig. 2 HPLC chromatograms of Actinomycin D crude sample ( A) ,purified Actinomycin D extracted with PS40-300 (B) ,

PSN40-300 (C) and PMM40-300 (D)

Table 1 The elution yield of AMD by different nanoscale

polymer particles

AMD

Type of resins

Volume (mL) Content (ng/mL) Yield

PS40-300 50.00 4420.35 70.16
PSN40-300 40.00 4529.86 57.52
PMM40-300 40.00 4239.72 53.84

Selection of optimal separation process

Ethanol concentration

4 columns (2.5 cm x40 cm) were selected for stud-
ying. 100 mL of the PS 40-300 was put into each col-
umn and 0.5 g of crude extract sample dissolved in the
2.0 mL ethanol was added onto the column, and then
eluted with 20% ,40% ,65% ,and 75% aqueous-etha-
nol solution at a velocity of 5.0 mL/min, respectively.
The eluting solution was collected and the purity of
AMD was determined by HPLC. The eluent fractions
containing above 95% AMD were pooled, and the vol-
ume and content of AMD were recorded as the results
shown in the Table 2. It was shown that AMD can not
be eluted when the concentration of ethanol was below
40% . If the ethanol concentration was up 75% ,AMD and
AMS can not be separated well. The eluting effect of
AMD was the best with 65% aqueous-ethanol solution.
Amount of loading sample

5 columns (2.5 cm x40 cm) were selected for stud-

ying. 100 mL of the PS40-300 was put into each

Table 2 Eluting results under different eluent concentrations

Ethanol AMD
concentration  yglyme (mL)  Content ( pg/mL) Yield
40% 0 - -
65% 50.00 4420. 35 70.16
75% 30.00 4150.21 39.53

column and 0.1,0.3,0.5,0.7,1.0 g of crude extract
sample dissolved in ethanol was added onto the column
respectively , and then eluted with 65% ethanol solution
at a velocity of 5.0 mL/min. The eluting solution was
collected and the purity of AMD was determined by
HPLC. The eluent fractions containing above 95%
AMD were pooled,and the eluting curves are shown in
Fig. 3 ,the data of AMD elution yield expressed in mean
+S.D. (n=3,points, mean;bars,S. D. ). It sugges-
ted that yield of AMD was lower when the loading sam-
ple was below 0.3 g. If the loading sample was up 0.7
g,AMD and AMS can not be separated well. There-
fore ,the eluting effect of AMD was the best by using
the loading sample of 0.5 ¢/100 mL PS40-300.
Eluting speed

4 columns (2. 5cm X 40cm) were selected for stud-
ying,100 mL of the PS40-300 was put into each col-
umn and 0.5 g of crude extract sample dissolved in the
ethanol was added onto the column, and then eluted
with 65% ethanol solution at a velocity of 3.0,4.0,
5.0,6.0,7.0 ml/min,respectively. The eluent
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Fig. 3 Elution yield of AMD (mean +S.D. ,n =3) for
different amounts of sample
fractions containing above 95% AMD were pooled,and
the eluting curve was shown in Fig. 4 the data of AMD
elution yield expressed in mean £S. D. (n =3,points,
mean ;bars,S. D. ). It was shown that AMD and AMS
cannot be separated well when the eluting speed was up

6.0% . The eluting effect of AMD was the best at a ve-

locity of 5.0 ml/min.
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Fig. 4 Elution yield of AMD (mean +S.D. ,n =3) at

different elution speeds

Amplification of the separation process

Based on the optimal separating conditions , the amplifi-
cation of the separation process was carried out by
MPLC. 400 mL of the pretreated PS40-300 was put in-
to column and 2.0 g of crude extract sample was added
onto the column,and then eluted with water,40% ,and
65% ethanol solution respectively at a velocity of 15.0
ml/min. Peak 1 and Peak 2 were collected separately re-

corded as the results shown in the Fig.5. The eluent frac-

tions containing above 95% AMD (Peak 2) were pooled.
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Fig. 5 MPLC chromatogram of the sample solution elu-
ted with PS40-300

Conclusion

In this study,the separation strategy by nanoscale poly-
mer particles PS40-300 was confirmed to be an effec-

tive approach for separation of AMD. The factors influ-
encing separation such as the amount of loading sam-
ple, elution speed, and different eluent concentrations
were optimized. The amplification of the separation
process showed that AMD and AMS can be collected
separately. The vyield of high-purity AMD ( above
95% ) was up 70% .

can be a better choice for the separation of AMD from

Therefore , this separation method

fermentation broth.
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