
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

Isolation and Polyacrylamide Gel-Urea Electrophoretic Characterization of
α<sub>S1</sub>-Casein
C. W. Gehrkea; P. Chunab; Y. H. Ohac

a Department of Agricultural, Chemistry University of Missouri, Columbia, Missouri b J. Hillis Miller
Health Center, College of Medicine, Department of Biochemistry, University of Florida, Gainesville c

Department of Biochemistry, School of Medicine, State University of New York, Buffalo

To cite this Article Gehrke, C. W. , Chun, P. and Oh, Y. H.(1966) 'Isolation and Polyacrylamide Gel-Urea Electrophoretic
Characterization of α<sub>S1</sub>-Casein', Separation Science and Technology, 1: 4, 431 — 442
To link to this Article: DOI: 10.1080/01496396608049458
URL: http://dx.doi.org/10.1080/01496396608049458

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496396608049458
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SEPARATION SCIENCE, 1(4), 431-442 (1966) 

Isolation and Polyacrylamide Gel-Urea 
Electrophoretic Characterization of a,,-Casein* 

C. W. GEHRKE, P. CHUN,f and Y. H. OH$ 
DEPARTMENT OF AGRICULTURAL CHEMISTRY 
UNIVERSITY OF MISSOURI, COLUMBIA, MISSOURI 

Summary 

An improved method for the isolation of pure a,,-casein from pooled milk 
is described. The method involves chemical isolation followed by DEAE- 
cellulose column-chromatographic fractionation. 

Alpha,,-casein was characterized by SGUE, PGUE, chemical, and sedi- 
mentation analyses. The chromatographically pure a,,-casein was found to 
contain a,,-B and a,,-C casein variants. These variants cannot be separated 
by DEAE-cellulose column chromatography. 

The preparation contained l.lO%P, equivalent to 10 phosphorus atoms 
per mole of 28,500. The molecular weight by approach to sedimentation 
equilibrium was 25,500. Alpha,,-casein in 0.1 M KCI, pH 5.6, showed 
random aggregation of 14S, while in tris-citrate buffer, pH 8.6, it showed 
1.5 S, and in Na-PO, buffer, pH 7.0, 4.2 S species. 

Isolation in pure form and characterization of the major compo- 
nents of casein as,-, P-, and K- are necessary to the understanding 
of casein-casein, and casein-other protein interactions, as well as 
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sented in part at the 148th National American Chemical Society meeting, Division 
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432 C. W. GEHRKE, P. CHUN, AND Y. H. OH 

being prerequisites to structural examinations. In this respect, 
much work has been done by many different investigators (2,5,9,10, 
12,l Y,20,22,24), using a variety of techniques in attempts to prepare 
pure samples of the various casein components. Varying degrees 
of success have been achieved in these endeavors. 

The objective of this paper is to describe a method for the isola- 
tion of pure a,,-casein from pooled skim milk and to compare it 
with the genetic variants obtained by Thompson (14,16,17) and 
others (6) from the milk of individual cows. This paper also de- 
scribes a partial characterization of the isolated pure a,,-casein by 
gel electrophoresis, chemical analysis, and sedimentation behavior. 

EXPERIMENTAL PROCEDURES 

Isolation of Pure a,,-Casein 

Chemical Preparation. The procedure for the chemical prepara- 
tion of a,,-casein is a modification of several previously published 
methods (5,20,21). The essentials of chemical fractioiiation of as,- 
casein include urea fractionation of isoelectric acid casein into 
a,,-K casein gel and P- and y-casein in solution (4,5); the a,,-K 
casein gel is then fractionated by 0.20 M CaCl, in the presence of 
urea. The a,,-casein is precipitated as the calcium-a,,-caseinate. 
The a,,-casein was solubilized by K2C204 (12,20). The soluble 
a,,-casein was then fractionated by DEAE-cellulose column chro- 
matography in 0.01 M imidazole-HC1 buffer, containing 3 M urea, 
pH 7.0. The details follow. 

The isoelectric acid casein (15 g) prepared from 500 ml of pooled, 
raw, skim milk was dispersed in 400 ml of distilled water and 
dissolved by addition of 6.6 M urea; the solution was diluted to 
4.5 M urea at pH 4.6 and held for 8 hours, or overnight, and centri- 
fuged at 3000 rpm for 30 inin to remove the a,,-K complex. This 
procedure was repeated once. 

The gelatinous a,,-K-casein precipitate was dispersed in 250 ml 
of distilled water and dissolved by dropwise addition of 0.1 N 
NaOH, with constant stirring, to pH 8.5, which was not exceeded. 
The solution was readjusted to pH 7.0 with 0.1 N HCl, and suffi- 
cient 3 M CaCl, was added to make the resulting solution 0.2 M 
in CaCI,. The pH was maintained at 7.0 by addition of 0.1 N NaOH. 
The solution was then centrifuged at 3000 rpm for 30 min. This 
procedure was repeated once. 
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ISOLATION AND CHARACTERIZATION OF (Y,,-CASEIN 433 

1 

The supernatant was discarded and the gelatinous precipitate 
of Ca-a,,-caseinate was dispersed in 250 ml of distilled water, and 
the dispersed solution was brought to pH 8.5 by dropwise addition 
of 0.1 N NaOH with stirring. Sufficient 1.5 M K2C204 was added to 
make the resulting solution 0.5 M in K2C204. The pH was main- 
tained at 8.5 and the solution was centrifuged at 20,000 rpm for 
20 min. The supernatant was saved and this step was repeated on 
the precipitate. The resulting supernatants were combined and 
exhaustively dialyzed against distilled water, until C20,' free, 
then lyophilized. All operations were carried out at 2 to 4°C. 

DEAE-Cellulose Chromatographic Purification. The chemically pre- 
pared a,,-casein was further purified by stepwise elution chroma- 
tography on a 6.5 X 12 c m  DEAE-cellulose column at 25°C. The 
column was packed to give a flow rate of 300 to 400 ml/hr and 
was equilibrated with at least 2 liters of 0.01 M imidazole-HC1 
buffer, containing 3 M urea, pH 7.0 (20,21). Approximately 1.5 g of 
chemically prepared a,,-casein in 200 ml of 0.01 M imidazole-HC1 
and 3 M urea solution (pH 7.0) were placed on the column. Step- 
wise elution was performed according to the schedule in Table 1 
(see also scheme 1). The effluent was continuously monitored at 
277 mp by a Vanguard automatic UV analyzer, model 1056. The 
a,,-casein fraction was eluted by 0.25 M NaCl and dialyzed against 
distilled water at 4°C until salt-free, then lyophilized. 

Chemical Analyses. Calcium stability tests, as described by Zittle 

Disperse in 400 ml H,O 
Dissolve in 6.6 M urea, 

dilute to 4.6 M urea 
Allow to stand 8 hr, pH 4.6 
Centrifuge at 3000 rpm for 30 inin 

SCHEME 1 
Chemical Preparation of a,,-Casein 

2 Repeat step 1. 

Subernatant (p- and y-caseins) 
Discard 

PrJcipitate ( a , , - ~  casein gel) Subernatant 
Discard 
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434 C. W. GEHRKE, P. CHUN, AND Y. H. OH 

3 

SCHEME 1 (Continued) 

Disperse in 250 ml H,O 
Add 0.1 N NaOH dropwise wlstirring, 

Adjust to pH 7.0 w/0.1 N HCl 
Make 0.2 M in CaCI, w/3 M CaCI, 
Maintain at pH 7.0 w/0.1 N NaOH 
Centrifuge at 3000 rpni for 30 min 

to pH 8.5 

Precipitate (Ca-a,,-caseinate) 

4 1 Repeat step 3 

Supernatant (K-casein) 
Discard 

Precipitate (Ca-a,,-caseinate) Subernatant 
Discard 

Disperse in 250 ml H,O 
Adjust to pH 8.5 w10.1 N NaOH w/stirring 
Add 1.5 M K,C,O, to make a 0.5 M solution in K,C,O, 
Centrifuge at 20,000 rpm for 20 min 

5 

Precipitate 

6 I Repeat s tep5  

I 
Supernatant (a,,-casein) 

No. 1 
Save 

I 
Precipitate 

Discard 

I 
No. 2 

Supernatant (a,;casein) 

No. 1 and 2 

until C204=-free 
Freeze-dry 

Chemically prepared a,,-casein 
Yield: (at least 4.5 g) 
I 

All operations were carried out at 2 to 4°C 

Stepwise elution column 
chromatography on DEAE- 
cellulose (refer to 
Table 1 and text) 

Pure a,,-casein 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOLATION A N D  CHARACTERIZATION OF a,,-CASEIN 435 

TABLE 1 
Stepwise Elution Schedule for Column-Chromatographic 

Purification of a,,-Casein on DEAE-Cellulose 

Volume of Molarity of NaCl 
Step eluent, ml in eluenr' 

1 300 0.00 
2 300 0.10 
3 600 0.20 
4 600 0.25 
5 300 0.35 
6 300 1 N NaOH* 

" All eluents were 0.01 M imidazole-HCI buffer containing 3 M urea at pH 7.0. 
* Added to remove remaining adsorbed proteins. 

(23,24), Kjeldahl nitrogen, and phosphorus analyses were per- 
formed on samples of the purified a,,-casein. 

Electrophoretic Characterization of a,,Casein. The homogeneity of 
the chemically prepared a,,-casein and of the chromatographically 
purified a,,-casein were determined by means of vertical SGUE 
using the techniques of Gehrke et al. (3,4). Homogeneity was 
further verified by PGUE, using methods similar to those of 
Thompson et al. (15). A commercial, E-C No. 470, vertical gel 
electrophoresis apparatus was employed. The polyacrylamide gel 
contained 7% cyanogum and was 4.5 M in urea, 0.3 M in tris(hy- 
droxymethyl) aminomethane, 0.014 M in Na,EDTA, and 0.05 M 
in H3B03 buffer at pH 9.1 to 9.2. Twenty-five microliters of 1% 
protein solution in the pH 9.2 buffer described above with 8% 
added sucrose was placed in the gel slot and electrophoresis was 
carried out with tap water cooling at 15 to 18°C. The most satis- 
factory results were obtained with 200 volts for 4; to 5 hours 
(start of run 75 ma, end of run ca. 30 ma). 

Analytical Ultracentrifuge Studies. The isolated pure a,-casein was 
also studied by means of a Spinco Model E analytical ultracentri- 
fuge. Sedimentation velocity experiments were performed at 
20°C using a valve-type, 4"-12 mm synthetic boundary cell at 
59,780 rpm. The sedimentation coefficients were calculated from 
the second moment of the total gradient curve. A plot was made 
of the logarithm of the second moment against time having a slope 
of sw2. Measurements of the photographic plates were made with 
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436 C. W. GEHRKE, P. CHUN, AND Y. H. OH 

a two-coordinate Gaertner microscope comparator. The intrinsic 
sedimentation coefficient, s!&,,~, was corrected for the viscosity 
and buoyancy of water at 20°C in the customary manner. 

For molecular-weight estimations the Klainer and Kegeles (7)  
modification of the Archibald ( I )  procedure was employed: Meas- 
urements were made only at the meniscus. A value of 0.73 ml/gm 
was determined for the partial specific volume of cYs,-casein using 
a 25-ml pycnometer in a temperature-controlled water bath at 
20" ? 0.01"C (8). 

RESULTS AND DISCUSSION 

Figure 1 shows the elution-curve absorbance vs. effluent volume 
from the chromatography of a sample of chemically prepared 
a,,-casein from pooled milk. A single major absorbance peak for 
au,,-casein appears in the elution curve and represents a total 
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FIG. 1 .  DEAE-cellulose chromatographic purification of chemically pre- 
pared a,,-casein. Column (6.5 x 12 cm) eqiiililmted with 2 liters of0.01 M 
iinidazole-HCI buffer containing 3 M urea (pH 7.0). Sample load approxi- 
inately 1.5 g of protein. Stepwise elution as indicated in  Table 1.  Flow rate 
approximately 300 mllhr. Absorbance of the effluent was measiired at 

277 mw. Pure a,,-casein was eluted at 0.25 M NaCI. 
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ISOLATION A N D  CHARACTERIZATION OF U,,-CASEIN 437 

TABLE 2 
Phosphorus Content and Calcium Stability of cYB,-Casein" 

Absorbance (24) 

Conc. % decreasedue 
Casein %P %N PIN ratio mglml Initial Final to interaction with Ca++ 

as, 1.10 15.2 0.0724 30 2.40 0.92 62 

" Each value is an average of several independent analyses. 

recovery of about 90% of the protein originally applied to the 
column. 

The results obtained from calcium stability tests and chemical 
analyses are presented in Table 2 and are in accord with previously 
reported data (3,I 6,2I ,24). Several independent preparations of 
pure a,,-casein contained an average phosphorus content of 1.10%, 
or the equivalent of 10 g atoms/mole of 28,500. Thompson et al. 
(16), Waugh et  al. (21) ,  and Zittle and Custer (24)  report 9 g atoms/ 
mole of 27,500 based on a phosphorus content of 1.01%. Schmidt 

FIG. 2. SCUE patterns of a,,-casein. Electrophoretic conditions: vertical 
SGUE with 0.076 M tris-0.005 M citric acid buffer, pH 8.6, 7 M urea; 1 mg 
protein; 4.0 voltslcm; 20 hr at 5°C; bridge solution, sodium borate buffer 
(0.3 M H,BO, and 0.06 N NaOH), pH 8.6. The positive electrode compart- 
ment contained 10% aqueous NaCI. These conditions are a combination 
of the methods of Wake et al. (19), Smithies (13), and Poulik (11) .  Top, 
Isoelectric acid casein (PI); middle, chemically prepared a,,-casein; bottom, 

alpha,,-casein purified by DEAE-cellulose column chromatography. 
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438 C. W. GEHRKE, P. CHUN, AND Y. H. OH 

FIG. 3. Comparison of PGUE patterns of pure a,,-casein from pooled milk 
and genetic variants isolated by Thompson (16) (not chromatographically 
purified). PGUE conditions: vertical PGUE with 7% cyanogum, 4.5 M urea, 
0.3 M tris-0.014 M Na,EDTA. and 0.05 M H3B03 buffer, pH 9.2; 0.60 mg 
protein; 200 volts for 41- hr at 15 to 18°C. Top, a#, (Gehrke et a].); second 
from top, a,,-C (Thompson); second from bottom, a,,-B (Thoiiipson); 

bottom, (Thompson). 

and Payens, however, report a phosphorus value of 1.12% or 6 g 
atoins/mole of 16,500 molecular weight (12). 

The degree of homogeneity of the pure a,,-casein preparations 
was determined by starch gel-urea and polyacrylamide gel-urea 
electrophoresis, as shown in Figs. 2 and 3. Comparison of our 
preparations has been made largely on the basis of electrophoretic 
mobilities. Starch gel-urea patterns of Schmidt and Payens (12) 
designated as 1.10 and 1.07 by Wake and Baldwin (19) are similar 
to our preparation. These are the a,,-B and a,,-C variants reported 
by Thompson et al. (16). Direct PGUE electrophoretic comparison 
of our a,,-casein preparation with samples of Thompson’s genetic 
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ISOLATION A N D  CHARACTERIZATION OF a,,-CASEIN 439 

variants is shown in Figs. 3 and 4. It is clear that our chromato- 
graphic preparation of a,,-casein is primarily composed of a,,-B 
and a,,-C (Figs. 3 and 4). On further electrophoretic comparison 
of genetic variants at low protein concentration (Fig. 4), it may be 
seen that the a,,-casein definitely is composed of two components. 

In a number of experiments we were unsuccessful in separating 
a,,-BC caseins into single variants in this laboratory utilizing 
differential gradient gel ( 3  to 12% cyanogum) (2u)  and two-dimen- 
sional gel electrophoresis or DEAE-cellulose chromatography. 
Perhaps electrophoresis at acid pH is an approach to the separa- 
tion of genetic variants (10a). 

FIG. 4. Comparison of PGUE patterns of pure a,,-casein from pooled milk 
and genetic variants isolated by Thompson (16) (not chromatographically 
purified). PGUE conditions: same as Fig. 3, except using 0.30 nig of protein. 
Top, a8, (Gehrke et a].); second from top, a,,-C (Thompson); second from 

bottom, a,,-B (Thompson); bottom, aB,-A (Thompson). 
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440 C. W. GEHRKE, P. CHUN, AND Y. H. OH 

TABLE 3 
The Distribution of a,,-Casein Aggregates in 

Two Different Buffer Systems" 

a,,-caseinb a,,-caseinc 

Concentration, Concentration, 
gl100 ml g/100 ml 

rpm Time Theory" Exptl. AC,4 Time Theory" Exptl. AC,, 
~~ 

12,590 550 1.000 1.000 530 1.000 1.000 
12,590 750 0.999 0.998 750 0.998 0.990 0.008 
59,780 1430 0.985 0.983 0.002 1433 0.955 0.943 0.012 
59,780 1750 0.973 0.970 0.003 1758 0.943 0.931 0.012 
59,780 2250 0.970 0.965 0 . 0 5  2255 0.940 0.930 0.010 
59,780 3125 0.965 0.962 0.003 3005 0.939 0.928 0.011 

" Concentrations were corrected for radial dilution and stretching of the rotor. 
" Same system as Fig. 5B. 

Same system as Fig. 5C. 

The degree of homogeneity of the pure a,,-casein preparations 
was further determined by sedimentation boundary analysis. In 
this study the estimate of aggregates present in the preparation 
and deviation of schlieren area from the area of a normal distribu- 
tion curve were obtained from enlarged tracings of each schlieren 
pattern at low speed (12,590 rpm) and at high speed from the cen- 
trical ordinate to the base line, then subtracting each area about 
this perpendicular from the total gradient area. The area so ob- 
tained was converted to concentration on a gram per 100 ml scale, 
as shown in Table 3. It is clearly evident that the values for ACA 
show a small difference (Fig. 5B) as a function of time. The ratio 
of areas symmetrical about the perpendicular axis was found to 
be 1:l for a,,-casein in a tris-citrate buffer at pH 8.6. The theo- 
retically calculated area of a normal distribution curve is in excel- 
lent agreement with the experimental area (Fig. 5B). However, 
when a,,-casein is in phosphate buffer, pH 7.0, this is no longer the 
case, because there is less symmetry about the perpendicular axis, 
as shown in Table 3 and Fig. 5C, thus showing the presence of 
aggregates. 

The molecular weight of a,,-casein in 0.076 M tris-0.005 M citric 
acid buffer obtained by approach to sedimentation equilibrium was 
found to be 25,500, which is in good agreement with values re- 
ported by other investigators (18,19,21,24). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOLATION A N D  CHARACTERIZATION OF a,,-CASEIN 44 1 

FIG. 5. Ultracentrifuge patterns of pure a,,-casein in various solvents at 
59,780 rpm, using a synthetic boundary cell 4”-12 mm sector cell. A, 0.83% 
a8,-casein in 0.1 M KCI, pH 5.6, bar angle 65”; 1800 sec; B, solution A ex- 
haustively dialyzed against 0.076 M tris-0.005 M citric acid buffer, pH 8.6; 
bar angle 65”; 1800 sec; C, solution A exhaustively dialyzed against 0.034 M 

Na-P04 buffer, pH 7.0; bar angle 65”; 1800 sec. 

Acknowledgment 

The authors wish to thank Dr. M. P. Thompson, Casein Research 
Branch, U.S. Department of Agriculture, Philadelphia, Pennsyl- 
vania, for supplying samples of the following genetic variants of 
casein: a,,-A, asl-B, and a,,-C. Our thanks are also extended to 
Professor C. W. Freeark for his numerous suggestions in the prepa- 
ration of this manuscript. 

REFERENCES 

1. W. J. Archibald,]. Phys. Colloid Chem., 51, 1204 (1947). 
2. R. Aschaffenburg, J. Dairy Res. 30, 251 (1963). 
2u. C. W. Gehrke and P. W. Chun, unpulAished results, 1965. 
3. C. W. Gehrke, C. W. Freeark, Y. H. Oh, and P. W. Chun, Anal. Biochem., 9,423 

4. C. W. Gehrke, Y. H. Oh, and C. W. Freeark, A n d .  Biochem., 7,439 (1964). 
5 .  N. J .  Hipp, M. L. Groves, J. H .  Custer, and T. L. McMeekin,J. Dairy Sci. ,  35, 

6.  C. A. Kiddy, J. 0. Johnston, and M. P. Thompson,J. Dairy Sci., 47, 147 (1964). 
7. S. M .  Klainer and G .  Kegeles,]. Plzys. Chem., 59, 952 (1955). 
8. E. 0. Kraemer, in The Ultracentrifuge (T. Svedburg and K. Pederson, eds.), 

9. J. Long, Q. Van Winkle, and I. A. Gould,J. Dairy Sci.,  41,317 (1958). 

( 1964). 

272 (1952). 

Oxford, New York, 1940, pp. 57-66. 

10. J. M. Neelin, J. Dairy Sci., 47, 506 (1964). 
10a. R. F. Peterson and F. C. Kopfler, Biochem. B i o p h y s .  Res. Commun., 22, 388 

( 1966). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



442 C. W. GEHRKE, P. CHUN, AND Y. H. OH 

11.  M. D. Poulik, Nature, 180, 1477 (1957). 
12. D. B. Schmidt and T. A. Payens, Biochim. Biophys. Acta, 78,492 (1963). 
13. 0. Smithies, Advun. Protein Chem., 14,65 (1959). 
14. M. P. Thompson, C. A. Kiddy, L. Pepper, and C. A. Zittle, Nature, 195, 1001 

15. M. P. Thompson, C. A. Kiddy, J. 0. Johnston, and R. M. Weinburg, J .  Dairy Sci., 

26. M. P. Thompson and C. A. Kiddy, J .  Dairy Sci., 47,626 (1964). 
17. M. P. Thompson and L. Pepper, J .  Dairy Sci., 47, 293 (1964). 
18. M. P. Thompson, N. D. Tarassuk, R. Jenness, H. A. Lillevik, U. S. Ashworth, 

19. R. G .  Wake and R. W. Baldwin, Biochim. Biophys. Acta, 47,225 (1961). 
20. D. F. Waugh, M. L. Ludwig, P. Driezen, and R. Noble, lnternational Biophysics 

Congress, Stockholm 1961, Rockefeller Institute Press, New York, 1962, p. 161. 
21. D. F. Waugh, M. L. Ludwig, J. M. Gillespie, B:Melton, M. Foley, and E. S. 

Klainer, J .  Am. Chem. Soc., 84,4929 (1962). 
22. D. F. Waugh and P. H. Von Hippel, J .  Am. Chem. Sac., 78,4576 (1956). 
23. C. A. Zittle, J .  Dairy Sci., 44,2100 (1961). 
24. C. A. Zittle and J. H. Custer, J .  Dairy Sci., 46, 1183 (1963). 

Received by editor June 8, 1966 
Submitted for publication June 29, 1966 

( 1962). 

47,378 (1964). 

and D. Rose, J .  Dairy Sci., 48, 159 (1965). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


