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Introduction

Culture pH plays a crucial role on the production of recombinant protein in genetically engineered yeast strains. Cell growth (1), specific expression rate (2), secretion efficiency (3), and proteolytic degradation (4) are highly dependent on the culture pH. It has been well known that the secreted recombinant proteins are often susceptible to proteolytic degradation by various proteases which are secreted into the medium by host strain. 

  In this work, we investigated the effect of pH on the production of hEGF by H. polymorpha and elucidated the crucial role of pH in the degradation of the secreted recombinant protein by the simple method of degradation kinetics. From batch culture and degradation kinetic studies, we constructed a simple model to consider the degradation of hEGF during culture, estimated the intrinsic production rates of hEGF according to pH, and then evaluated the effect of pH on the production of hEGF.

Materials and methods

Strain and medium

  Hansenula polymorpha UR2/CPY- (5) was used for the production of hEGF. A leucine and uracil double auxotrophic mutant of H. polymorpha DL1 (leu2-ura3-), derived from DL-1 (ATCC 26012). Growth medium consisted of 10 g l-1 yeast extract, 20 g l-1 bactopeptone, and 20 g l-1 glycerol. Production medium had 10 g l-1 yeast extract, 20 g l-1 bactopeptone, and 20 g l-1 methanol.

Batch cultures

  Batch cultures were performed in baffled flasks or in a KF-2.5 l bioreactor (Korea fermentor co., Korea) equipped with temperature, pH, and DO control systems. Shake flask cultures had 50 ml working volume in 500 ml flasks. The rotation speed of shaking incubator was 300 rpm and temperature was controlled at 37oC during cultures. Bioreactor culture had working volume of 1 l. In the bioreactor culture, the agitation speed was 500 rpm, temperature controlled at 37oC, and aeration rate 1 l min-1. 

Assays

  Cell mass was determined by measuring optical density at 600 nm and calculation using a cell standard curve (1 OD = 0.32 g cell l-1). Methanol concentrations in the samples were measured by gas chromatography (YongLin M600D, Korea) with a flame ionization detector and a Porapak Q80/100 column using 1% (v/v) isopropanol as an internal standard. The hEGF in the broth was assayed by the indirect Enzyme-Linked ImmunoSorbent Assay (ELISA). A standard curve was obtained by using purified rhEGF supplied by manufactures (Upstate biotechnology, U.S.A.). 

Results and discussion

Degradation kinetics 

  When a recombinant protein was produced in a yeast strain, degradation problem of the secreted protein has been well known. Secreted recombinant protein can be degraded enzymatically by host proteases or physicochemically by self-instability problem such as conformational changes by thermal denaturation. If we know the effect of pH on degradation kinetics separate from the expression kinetics of a foreign gene, the parameters of degradation kinetic model will be easily estimated. Then we can find the intrinsic production of hEGF by the strain. In order to estimate the degradation constant, kd , experiments for degradation kinetics of secreted hEGF were carried out by incubating cell-free culture broth sampled after 23 h and 30 h as shown in Fig. 1. In the two cases of incubation and all tested pH, decreases of hEGF were detected by hEGF assays with ELISA. At pH 4.0 and 5.0, hEGF concentration decreased more rapidly with increasing culture time than pH 6.0 and 7.0 during the incubation. production yield.

Influence of pH on the intrinsic production rate of hEGF

Estimated values of intrinsic specific production rate of hEGF by the optimization program were 0.23 for pH 4.0, 1.50 for pH 5.0, 1.47 for pH 6.0, and 1.48 for pH 7.0  Fig. 2. It is interesting to note that in the range of pH 5.0 to 7.0, culture pH did not change the intrinsic production rate of hEGF while apparent specific production rate was highly dependent on culture pH in this range. The ability of cell to produce hEGF can be measured as intrinsic specific production of hEGF, which are calculated by dividing intrinsic specific production rate by specific growth rate. The intrinsic specific production of hEGF increased slowly as the pH was increased above 5.0 to 7.0. as shown in Fig. 2. From these observations, it is certain that pH for maximizing cell growth is advantageous for the production of hEGF in batch culture if there are no degradation problems. 
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