A Fast Method for Preparation of Cytochrome-C of high purity from Pig Heart with one Step by Hydrophobic Interaction Chromatography
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Abstract: A fast method for the preparation of cytochrome C (Cyt-C) of high purity from pig heart is presented in this paper. A simple-type column of hydrophobic interaction chromatography packed with big particles was employed for the fast purification in laboratory scale. The purity of the purified Cyt-C was tested by reversed phase liquid chromatography, UV spectrum, and iron content in it. Compared with the common method, the new method has advantages of spending short time, having simpler purification processes, and high mass recoveries of 98.5%, high purity of 99%. 

Key wards: cytochrome C, hydrophobic interaction chromatography, purification, column techniques
用疏水色谱法从猪心中一步快速制备高纯度的细胞色素C

                姚 丛，柯从玉，白 泉，卫引茂，耿信笃*
（西北大学现代分离科学研究所 现代分离科学陕西省重点实验室，陕西 西安 710069）
摘要：提出了一种从猪心中快速制备高纯度细胞色素C的方法。使用一种装有大颗粒疏水填料的简易型疏水色谱柱在实验室规模对细胞色素C进行了纯化，通过反相色谱，紫外图谱，及铁含量对样品的纯度进行了检验。与经典方法相比，此方法纯化工艺简单，操作时间短，质量回收率和纯度可分别提高至98.5%和99%以上。
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1 Introduction
According to the short-column theory of macromolecules, the length of chromatographic column only has little effect on the resolution of proteins [1, 2, 3], based on stoichiometric displacement theory for retention (SDT-R) of solute [3, 4, 5], the separation of proteins only depends on the contact surface area between the proteins and stationary phase. The conclusion can be said in other manner that the separation efficiency of a long chromatographic column packed with big particles is equivalent to that of a short column packed with small particles. However, the price for the former is much lower than the latter. A simple-type chromatographic column or simple-type column which is very cheap and can work with low pressure was reported in the previous paper [6]. It would be preferable to satisfy with the foregoing request.  

Cytocrome-C (Cyt-C) is an important clinical medicine which is very essential to the electron transportation in the breathes of cells. It is applied to do the therapy or supplemental therapy of the lack of oxygen in the tissues or the brains caused by different reasons, such as poisoning of carbon monoxide, serious shock, lung disease, cardiomyopathy, angina, and etc. However, many problems were caused by the allergy of Cyt-C, because of the presence of impure proteins in the drug. As long as the purity of the Cyt-C is greater than 95%, the foregoing allergy can be reduced greatly. Consequently, how to increase the purity and simultaneously reduce the expenses has become the most essential problem to be solved for all the pharmaceutical manufacturers of this drug [7, 8]. 

Cyt-C for pharmaceutical application is always extracted from pig heart by a sulfuric acid solution . The common way to absorb Cyt-C from the extracted solution is to use the man-made zeolite column [9]. Then the Cyt-C must be precipitated by (NH4)2SO4 and trichloroacetic acid (TCA) from the extracted solution. It takes over 8 h and a lot of Cyt-C still exist in the supernatant. Furthermore, the unsuitable amount of trichloroacetic acid may cause the Cyt-C to denature, polymerize and influence the medical safety [10, 11]. In this paper, the simple-type hydrophobic interaction chromatography (HIC) column was employed to purify Cyt-C extracted from pig heart. The extracted crude solution of Cyt-C can be purified by using this column only one step to obtain the purity, 99% and mass recovery, 98.5%. 

2 Experimental 
2.1 Equipment

All separations were carried out on a ÄKTA Explorer LC chromatograph (Amersham Pharamacia company, Sweden) equipped with a UV-900 detector, a C-900 conduct detector, a p-900 pumping system, and an injection valve fitted with a 2.0mL sample loop. A simple-type column of hydrophobic interaction chromatography (50mm×12mm, particle diameter 38μm, pore diameter 10-20nm, silica-based with end group, phenyl) purchased from Shaanxi Xida Kelin Gene Pharmacy Co. (Xi’an, China). An RPLC-C18 column (100mm×4.0mm, 5μm, pore size, 30 nm) was made and packed by our institute. 

2.2 Chemicals 
The standard cytochrome-C (Cyt-C, horse heart) used in this study was obtained from Sigma (St. Louis. MO, U.S.A) and prepared to be 5.0mg/mL. The other chemicals used were of analytical grade. Water was re-distilled by Barnstead E-Pure system（Barnstead Co. Ltd，USA）.
Mobile phases for HIC consist of solution A, 3.0mol/L(NH4)2SO4+ 0.050mol/L KH2PO4 (pH=7.0) and solution B, 0.050mol/L KH2PO4 (pH=7.0). All the solutions need to be filtered before use. Mobile phases for RPLC consist of solution A and B; solution A: H2O + 0.05% HCl，solution B: isopropanol + 0.05% HCl. All the solutions need to be degassed before use.

2.3 Methods

2.3.1 Extracation of Cyt-C from pig heart [11]
1kg fresh pig heart without fat was ground into paste state, and then immersed in 400mL water (pH 4.0, adjusted by 1.0mol/L H2SO4) for 2 h under a constantly stirring. After filtration, the paste was extracted in the same condition described above for 1 h in order to extract completely. The two supernatants were merged and adjusted to pH 7.0 with 1.0mol/L NH3·H2O and then precipitated at 4℃ over night. The extracted crude solution of Cyt-C could be obtained after centrifugation or filtration.

2.3.2 Purification of Cyt-C by the simple-type HIC column
2.0 mL of the extracted solution was injected into the HIC column which had already been equilibrated with solution A. A linear gradient was from100% solution A to 100% solution B for 60min and followed with a 10-min delay with a flow rate of 2.0mL/min and detection at 280 nm.
2.3.3 Identification with Reversed Phase Liquid Chromatography (RPLC)

4.0mL of the collected fraction containing Cyt-C from the HIC column was injected into the RPLC column which had already been equilibrated with solution A. A linear gradient from 100% solution A to 50% solution B for 30 min with a 10-min delay at a flow rate of 1.0mL/min was applied. The detection was done at 280nm. The obtained chromatogram only has a single peak being the same retention with the standard Cyt-C indicates that the purified Cyt-C has very high purity. 

2.3.4 Determination of the content of iron in Cyt-C [12]
In order to prepare the calibration curve, 0.0, 2.0, 4.0, 8.0, and 10.0ml 10.0μg/mL Fe (Ⅱ) standard solution were added into six volumetric flasks, respectively, then 1.0mL of 10% oxammonium hydrochloride, 2.0mL of 0.15% o-phenanthroline and 5.0mL of 1.0mol/L acetic acid- sodium acetate buffer solution were added with stirring for standing 10 min. The absorbances of every solution were measured at 510nm.
2.3.5 SDS-Polyacrylamide gel electrophoresis (SDS-PAGE) was done according to Ref. [13] and the determination of protein content by Bradford method [14]  

2.3.6 Purification of Cyt-C by common method was carried out according to Ref. [ 8, 9, 12] .

3 Results and discussions
3.1 Purification of Cyt-C with simple-type HIC column

The mobile phase composition employed should be selected beforehand. Firstly Cyt-C must retard on the HIC column as sample solution is injected. Because Cyt-C molecule has a hydrophobic inner cavity but a hydrophilic outer resulting in its weak retention in HIC and thus the hydrophobicity of the mobile phase selected should be as strong as enough. The concentration of salt in the solution A as mobile phase should be high enough. According to the expectation of stoichiometric displacement theory for retention (SDT-R), ammonium sulphate is the best salt in HIC [15]. Solution A containing high concentration of ammonium sulphate would be preferable selection. Phosphate buffer is usually as solution B which has strong enough elution ability to wash out many proteins and make proteins to remain high bioactivity, and thus, it would be also suitable in this study. Fig.1 (a) shows the chromatogram of Cyt-C with simple-type HIC column by using 3.0mol/L (NH4)2SO4  solution as solution A and phosphate buffer as solution B. In the selected chromatographic conditions, when the extracted solution of Cyt-C was fed into the column, part of the impure proteins can not be retained and eluted out firstly. However, most proteins were still retarded on the HIC column. Because without using coarse separation in this study, many proteins from pig heart were retarded on the column, increasing difficulty for the separation of Cyt-C with one step by the HIC column.  With the increasing of the gradient elution time, the separation may be made more effectively. Based on the experiment results, gradient elution for 60 min is better. 
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Fig. 1: Chromatogram of the purified Cyt-C with simple-type HIC column:
Chromatographic conditions: flow-rate: 2.0mL/min; detection wavelength: 280nm;  *: Cyt-C;  (a) linear gradient: 100%A-100%B, 60min; (b) flow-rate: 2.0ml/min;  pulse elution: 0-20min: 25%B; 20-28min: 38%B; 28-35min: 100%B
To shorten the separation time, pulse elution (step elution) was also employed. The sample was injected at the start concentration of 25% solution B, some of impure proteins could not be retarded and thus were eluted out together with the mobile phase. Then, Cyt-C was eluted with the concentration of solution B at 35%, 38%, 40%, respectively and followed by purged out all of other impure proteins with 100% solution B. The experimental result indicated that 38% solution B is the best concentration for the separation of Cyt-C from other impure proteins and the obtained chromatogram in this case is shown in Fig.1 (b) (the elution chromatogram by using 35%, 40% solution B were not shown here). From Fig. 1(b), gradient elution time for 40 min is enough for the purification of Cyt-C. 

    From what discussed above, in analytical scale, with only one step high purity Cytochrome-C can be obtained by HIC. But if the new method is employed in large scale, the column loading will be an important factor to effect on influences the mass recovery and resolution efficiency of Cyt-C. Consequently, the precipitation by ammonium sulphate before injection should also be employed to enlarge the column loading.

3.2 Determination of the mass recovery of Cyt-C [14]
    The protein contents of purified Cyt-C by the common method and the presented HIC method were determined respectively according to the Bradford method. In order to compare the losses of Cyt-C between the two methods during the purification processes, standard addition method was employed. The crude Cyt-C solution was divided into two parts, and one of which was added with 50.0mg standard Cyt-C (equivalent to 225.2mg/kg pig heart) and other one was not done. The results are shown in Table 1. According to the purities of Cyt-C in four samples which were obtained by SDS-PAGE, the mass recovery can be determined by comparing the losses of the added standard Cyt-C.  
It is reported that the content of Cyt-C in pig heart is between 200mg/kg and 300mg/kg[9,12,16]. It can be seen from Table 1 that with the HIC column, the content of Cyt-C can reach about 301.7mg/kg, and the mass recoveries can reach about 98.5%, indicating that the loss of Cyt-C is very little; while with the common method the loss of the target protein is so great that can reach about 46.5% due to the incomplete adsorption and/or desorption from man-made zeolite and precipitation by CCl3COOH [7, 8, 11] . From what discussed above, it can be seen that the new method to purify Cyt-C is obviously much more advantageous. 

Table1  Determination of the content of Cyt-C*
	
	Total concentration of proteins (mg/mL)
	Concentration of Cyt-C
(mg/mL)
	Content of Cyt-C

in pig heart

(mg/kg)
	Mass recovery

（%）

	HIC
	Sample1 (not add standard Cyt-C)
	0.205±0.014
	0.203±0.014
	301.7±20.8
	98.5%±2.6%

	
	Sample2 (add standard Cyt-C) 
	0.355±0.010
	0.352±0.010
	523.5±14.9
	

	Common method**
	Sample3 (not add standard Cyt-C)
	0.121±0.014
	0.115±0.014
	170.9±20.8
	53.5%±4.0%

	
	Sample4 (add standard Cyt-C) 
	0.190±0.020
	0.186±0.020
	291.4±29.7
	


* Result from the average of three continuous determinations

**Purification of Cyt-C by common method was done according to Ref. [8,9,12] 
3.3. Test of the purity of the purified Cyt-C 

The usual method to identify the molecular weight of protein is to use SDS-PAGE and MALDI-TOF (matrix assisted laser desorption ionization-time of flying) mass and the purity is mainly to use RPLC and also SDS-PAGE. 

3.3.1 RPLC
The Cyt-C purified by the HIC column was then injected into RPLC column, 

and the chromatogram obtained is shown in Fig.2. The peak of Cyt-C, as seen in this figure, is sharp and only one very small peak can be found. It indicates that the purity of the purified Cyt-C by the simple-type HIC column with only one step is very high. 
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Fig. 2: Chromatogram of Cyt-C with RPLC
flow-rate: 1.0ml/min;  linear gradient: 100%A-50%B, 30min;  detection wavelength: 280nm.
3.3.2 Determination of the content of iron [12]
The iron contents of the standard Cyt-C solution and the purified Cyt-C collected from HIC were determined respectively and the results are showed in Table 2. It can be seen that the iron content of the standard Cyt-C is meet with the theoretical data. From statistical tests, the difference between the theoretical and the obtained results is not significant.

Table 2  Determination of the iron content of Cyt-C*
	
	Concentration of iron,×10 -3（mg/mL）
	Concentration of Cyt-C（mg/mL）
	Content of iron 
(%)

	Standard Cyt-C
	2.180±0.001
	0.500±0.010
	0.436±0.008

	Sample obtained by HIC
	0.831±0.002
	0.203±0.014
	0.409±0.025


* Result from the average of three continuous determinations
3.3.3 Comparison of the UV spectra [16, 17]
   The standard Cyt-C and the purified Cyt-C by HIC were scanned respectively at the wavelength of 350nm~550nm.  The spectra are shown in Fig. 3. The absorption peaks and wavelength of two solutions are nearly the same.
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Fig. 3  Comparison of the UV spectra of standard Cyt-C and purified Cyt-C by HIC
1. UV spectra of the standard Cyt-C;  2. UV spectra of purified Cyt-C by HIC

The purity of the obtained Cyt-C was also tested by SDS-PAGE (the figure of the SDS-PAGE is not shown here), it was found that the purity is greater than 99%.

4 Conclusion
      The Cyt-C in pig heart was extracted and purified by employing the simple-type HIC column only with a single step. The purity of the purified Cyt-C is over 99% and mass recovery is greater than 98%. Compared with the common way, this method has the advantages of low product expenses, high mass recoveries, long-life of column, which is a comparatively ideal way to purify Cyt-C from pig heart.   
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