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Tacrolimus is an immunosuppressant macrolide isolated from Streptomyces tsukubaensis. It is
used clinically to prevent the rejection of tissue transplants. To achieve the industrial production of
tacrolimus, development research was aimed at breeding strains that efficiently produce tacrolimus,
optimizing the cultivation conditions,determining an effective purification method, and establishing
a means of rapid quantitative analysis. The wild-type S. tsukubaensis was sequentially treated with
ultra violet light to furnish various types of morphologically altered mutants, from which a desired
strain was selected and bred. For the fermentation of the new strain, a cultivation medium was
formulated with a low viscosity and resistant to thermo-denaturation on sterilization. In a scale-up
study, in which the fermentor size was increased from 30 / to 25 ki, the productivity of tacrolimus was
found to be well reproduced by keeping both the dissolved oxygen and the agitation at low levels
during the growth phase of the producing strain. As a result of these procedures, the concentration
of tacrolimus in the fermentation broth was increased 300-fold over that obtaind in the early stages of
the research with the wild strain. . tsukubaensis produces many kinds of proteins and oligosac-
chalides as well as various types of tacrolimus related compounds. To remove these impurities
effectively, the cultivation broth was directly extracted with acetone. The extract was successively
purified with a high porosity absorbance resin, and acidic and natural silica gel column chro-
matography, followed by recrystalization in aqueous acetonitrile, to obtain tacrolimus monohydrate.
Tacrolimus itself is readily converted to optical and steric isomers in an aqueous solution. When
tacrolimus was analyzed by HPLC at lower temperatures, the peaks corresponding to the macrolide
were complex because of cis-trans isomerization in the column. The problem was overcome by
heating the column to 50°C, when the isomerization rate was so high that the peaks were fused into
a single, sharp one. The epimerization ratio was found to depend on the concentration of water in
the solution, but the ratio remained constant when a Brij-35 solution used as a diluent. By these
procedures, a simple, rapid and reliable analytical method was established. The industrial
production of tacrolimus was thus achieved by a combination of fermentation, purification, and
analytical investigations.
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Typical fermentation pattern of Streptomyces tsukubaensis No. 9993.
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Table 1. Medium composition for tacrolimus fermenta-

tion.
Oxidized starch 10 %
Wheat germ meal 2 %
Dried yeast 1 %
Corn steep liquor 2 %
Calcium carbonate 0.1%
Cobalt chloride 5 ppm
Sodium iodide 0.4 ppm
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Fig. 2. Effect of agitation speed in early phase on tacrolimus

productivity.
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Fig. -3. Morphology of wild and improved strains in submerged culture.
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Fig. 4. Colony types of strains obtained during breeding
(clockwise). As breeding progressed, the colonies tended
to become non-sporulative types.
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Fig. 5. Effect of agitation speed in late production phase on
tacrolimus productivity.
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Fig. 6. Effect of dissolved oxygen level on tacrolimus pro-
ductivity.
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Table 2. Summary of scale-up study on tacrolimus
fermentation.

Fermentor size Tacrolimus productivity

(K1) %)

0.0001 95

0.03 98

1 100

4 98

25 95
Commercial scale 95

(Table 2).
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fbxf75 2 lickh, REBIEBERE~DAr — 11
7y TR L, oSO EER By IR E
B35 ENTE R (Fig. 7).
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Fig. 8. Procedure for tacrolimus isolation.
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Structures of tacrolimus, tautomer I, and tautomer II.
The arrow in the structure of tacrolimus indicates the center of
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Fig. 10. Effect of column temperature on elution profile.
HPLC conditions: column, Lichrospher RP-18(e) (5 g,
10 4¢ X 250 mm); mobile phase, acetonitrile/water/phosphor-
ic acid (600/400/1); flow rate, 2 ml/min; detection,
o _JJ UV215 nm.
0 10 20 30
min
LT, #»5 ABEZX50°CIEBETDZ L1z L. BILt. coB&, -7 0EEErEIsT — &
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BECBVTH KD EEDEBVI VB -TWAT &
B h, ChHOBRFKOEGENBEE LTV 5 LHE

Data : Q2722, D01 Method : 506, MET Ch=2
mV Chrom : Q2722, C01 Atten5

30
20
Tacrolimus
10
Tautomer I
1 Tautomer |
o
0 5 10 min
Fig. 11. Typical chromatogram of tacrolimus in acetonitrile-

water solution (50-50, v/v). The chromatographic condi-

tions were the same as in Fig. 10. The column tempera-
ture was 50°C.

& LTHV% HPLC EEAMT CREGHKMBETH S
oo, OFEEF YR BB OFECRES
PARFELT, KEE, pH, BEOFELER L.
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Y AR, AEEMENOE— 2713/ Nk, BF

B Tautomer il

[ Tautomer |

Ratio of isomers (%)

Tacrolimus

30 40 50

Concentration of acetone (%)
Fig. 12. Effect of water concentration on tautomeric equi-
brium. A solution of tacrolimus (100 pg/ml) was left
overnight at ambient temperature and then analyzed
by HPLC. The equilibrium of the tautomerism is
represented by percentage ratio of each peak area of
tacrolimus and tautomers I and II. For example, the
percentage ratio of tautomer I was calculated as follows:
Ratio (%) of tautomer I=AI X 100/(AI+ AIIl+ At), where
AI, AII and At are the peaks area of tautomers I and II
and tacrolimus, respectively.
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