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Synthesis of diisooctyl adipate catalyzed by lipase-displaying
Pichia pastoris whole-cell biocatalysts

Na Zhang, Zi Jin, Ying Lin, Suiping Zheng, and Shuangyan Han
School of Bioscience and Bioengineering, South China University of Technology, Guangzhou 510006, Guangdong, China

Abstract: An enzyme-displaying yeast as a whole-cell biocatalyst is an alternative to immobilized enzyme, due to its
low-cost preparation and simple recycle course. Here, lipase-displaying Pichia pastoris whole-cell was used as a biocatalyst
to synthesize diisooctyl adipate in the non-aqueous system. The maximum productivity of diisooctyl adipate was obtained
as 85.0% in a 10 mL reaction system. The yield could be reached as high as 97.8% when the reaction system was scaled up
to 200 mL. The purity obtained is 98.2% after vacuum distillation. Thus, the lipase-displaying P. pastoris whole-cell
biocatalyst was promising in commercial application for diisooctyl adipate synthesis in non-aqueous phase.
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Table 1 Effect of different organic solvents on yield
of DIOA

Organic solvent log P Yield (%)
Acetone -0.23 0.4+0.1
Tert-butanol 0.30 1.2+0.9
Ethyl acetate 0.73 1.840.2
Tert-amylalcohol 1.10 1.6+0.1
Toluene 2.50 7.3+3.2
n-hexane 3.50 35.1+4.0
n-heptane 4.00 43.543.1
Isooctane 4.30 42.0+2.1
Nonane 5.10 37.5+1.2

Reaction conditions: adipic acid 0.2 mol/L, molar ratio of iso-octyl
alcohol to adipic acid fixed to 2:1, displayed lipases 0.3 g, 0.6 g
molecular sieve.
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Fig. 1 Effect of the initial mole ratio of iso-octyl alcohol
to adipic acid on yield of DIOA. Reaction conditions:
adipic acid 0.2 mol/L, 0.3 g displayed lipases, 0.6 g
molecular sieve, 55 C.
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Fig. 2 Effect of different adipic acid concentration on
yield of DIOA. Reaction conditions: molar ratio of iso-octyl
alcohol to adipic acid fixed to 3.5:1, 0.3 g displayed lipases,
0.6 g molecular sieve, 55°C.
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Fig. 3 Effect of the concentration of lipase on yield of

DIOA. Reaction conditions: adipic acid 0.2 mol/L, molar

ratio of iso-octyl alcohol to adipic acid fixed to 3.5: 1, 0.6 g

molecular sieve, 55 C.
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Table 2 Effect of different initial water activities of
displayed lipases on yield of DIOA

aw Salt solution Yield (%)

- Blank 79.4
0.06 NaBr 69.8
0.11 LiCl 73.7
0.33 MgCl, 81.6
0.53 Mg(NOs), 71.9
0.75 NaCl 68.1
0.97 K,SO, 4.6

Reaction conditions: adipic acid 0.2 mol/L, molar ratio of iso-octyl
alcohol to adipic acid fixed to 3.5:1, 0.4 g displayed lipases, 0.6 g
molecular sieve, 55 C. The enzyme, substrates and solvents were
pre-equilibrated separately with the water vapour of saturated salt
solution.
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Fig. 4 Effect of the concentration of molecular sieve on
yield of DIOA. Reaction conditions: adipic acid 0.2 mol/L,
molar ratio of adipic acid to iso-octyl alcohol fixed to 1:3.5,
0.4 g displayed lipases, 55 C.
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Fig. 5 Effect of temperature on yield of DIOA. Reaction
conditions: adipic acid 0.2 mol/L, molar ratio of iso-octyl
alcohol to adipic acid fixed to 3.5:1, displayed lipases 0.4 g
(aw=0.33), 0.8 g molecular sieve.
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