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Abstract: Deficient activity of endo-1,4-beta-glucanase II (Cel5A) secreted by Trichoderma reesei is one of the
challenges involved in effective cellulase saccharification of cellulosic substrates. Therefore, we expressed CelSA in Pichia
pastoris by constructing a recombinant strain. With the gene optimization based on codon bias, and the construction of
expression vector pPIC9K-eg?2, the optimized gene was electro-transformed into P. pastoris GS115 to form transformants.
Then, a high Cel5A activity producing recombinant, namely P. pastoris GS115-EG II, was selected on G-418 resistant
plates, followed by shake-flask cultivation. Enzyme characterization showed that the recombinant Cel5A reacted optimally
at pH 4.5 and 60 ‘C, with 50 kDa of molecular weight, preferentially degrading amorphous cellulose. Recombinant Cel5A
was not significantly different from the native 7. reesei Cel5SA. Moreover, a shake-flask fermentation of the recombinant
strain was optimized as below: incubation temperature 28 ‘C, initial pH 5.0, inoculum volume 2%, methanol addition (per
24 h) 1.5% (V/V), sorbitol addition (per 24 h) 4 g/L and Tween 80 4 g/L. Under above optimized condition, the recombinant
produced 24.0 U/mL of the Cel5A after 192 h fermentation. When incubated in a 5 L fermentation, Cel5A enzyme activity
reached 270.9 U/mL at 180 h, with 4.16 g/L of the total protein. The study indicates that the recombinant strain P. pastoris
GS115-EG 1l is extremely suitable for heterologous expression of 7. reesei cellulase Cel5A. And the recombinant Cel5A
can be used as an alternative to the native 7. reesei Cel5A in development of a commercially relevant enzyme based

biorefinery process.

Keywords: Pichia pastoris GS115-EG 11, Trichoderma reesei Cel5SA gene, AOXI promoters, codon bias, fermentation
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F1 CelsA ZEMALAIEEBFEMAMER
Table 1 Codon usage of wild and optimized Cel5A gene in the P. pastoris

Am.ino Codon Pichia Wd. eg2  Opt. eg2 Am.ino Codon Pichia Wd. eg?2 Opt. eg2
acid Kazusa (%) (%) (%) acid Kazusa (%) (%) (%)
Ala GCA 23.4 21.4 0.0 Pro CCA 41.6 21.1 85.0

GCT 44.8 39.3 100.0 CCT 34.8 36.8 15.0
GCG 6.1 7.2 0.0 CCG 8.6 26.3 0.0
GCC 25.7 32.1 0.0 CCC 15.0 15.8 0.0
Cys TGT 82.0 58.3 100.0 Gln CAA 60.9 36.0 68.0
TGC 18.0 41.7 0.0 CAG 39.1 54.0 32.0
Asp GAT 58.0 47.4 21.1 Arg AGA 48.0 10.0 100
GAC 42.0 52.6 78.9 AGG 15.8 20.0 0.0
Glu GAA 56.3 50.0 333 CGA 10.0 30.0 0.0
GAG 43.7 50.0 66.7 CGT 16.5 0.0 0.0
Phe TTT 53.9 46.2 15.4 CGG 4.5 10.0 0.0
TTC 46.1 53.8 84.6 CGC 53 30.0 0.0
Gly GGA 32.7 13.6 0.0 Ser AGT 15.0 7.0 0.0
GGT 43.6 29.5 100.0 AGC 9.1 16.7 0.0
GGG 9.9 13.6 0.0 TCA 18.2 26.2 0.0
GGC 13.9 43.3 0.0 TCT 29.2 16.7 37.2
His CAT 56.5 0.0 0.0 TCG 8.9 16.7 0.0
CAC 43.5 100.0 100.0 TCC 19.7 16.7 62.8
Ile ATA 18.0 9.5 0.0 Thr ACA 243 15.9 0.0
ATT 50.5 33.4 31.8 ACT 39.5 27.3 88.6
ATC 31.5 57.1 68.2 ACG 10.6 25.0 0.0
Lys AAA 46.9 16.7 14.3 ACC 25.6 31.8 11.4
AAG 53.1 83.4 85.7 Val GTA 15.5 4.4 0.0
Leu TTA 16.2 4.4 0.0 GTT 42.0 31.8 100
TTG 32.7 26.1 100 GTG 19.2 13.6 0.0
CTA 1.1 0.0 0.0 GTC 233 50.0 0.0
CTT 16.5 21.7 0.0 Tyr TAT 46.9 64.3 0.0
CTG 15.5 26.1 0.0 TAC 53.1 35.7 100.0
CTC 7.9 21.7 0.0 Stop TAA 50.0 0.0 100.0
Trp TGG 100.0 100.0 100.0 TAG 31.3 100.0 0.0
Met ATG 100.0 100.0 100.0 TGA 18.8 0.0 0.0
Asn AAT 48.5 36.7 3.2 GC% 42.0 52.9 46.2
AAC 51.5 63.3 96.8

Pichia Kazusa: cited online http://www.kazusa.or.jp/ codon; Opt. eg2: optimized eg2; Wd. eg2: native eg?2.
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x2 E CelsABFEMRAR
Table 2 Analysis of recombinant cellulase enzyme
Cel5A property

(11{\/]1;;) pH T (C) (féaf’cﬂ’i% o Ve  Source
500 45 60 50  4.93 2759 This study
580 5.0 60 50 210 2206  [10]
528 5.0 55 50 017 - [14]
480 50 55 60 - [12]

Mw: molecular weight; T: optimum reaction temperature;
stability (%): residual activity (%) after the incubation at
70 °C for 30 min.
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Fig. 5 Preliminary shake flask optimization of the recombinant P. pastoris producing Cel5A. (A) Inoculation
volume. (B) Initial fermentation pH. (C) Culture temperature. (D) Methanol addition each 24 h. (E) Carbon source. (F)
Non-ionic surfactant addition.
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