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Density Lipoproteins (LDL) and cleans plaque. In addition, according to recent

research results, apoA-1 is promising for applications in drugs with an
anti-inflammation effect or liver-targeting function.

Methods such as ultra-speed centrifuge, organic solvent precipitation, and high
performance liquid chromatography (HPLC) are usually used to purify apoA-1.
Howeyver, there are some innate defects in these methods, such as low yield, high cost,
insecurity, and a production scale that is too small. These methods are not suitable for
apoA-1 industrial production.

On the other hand, as one of the fractions acquired after plasma fractionation,
plasma fraction IV is always discarded because no useful product can be purified for
commercial application. In accordance with the present invention, a purification
method suitable for large-scale production is provided, and apoA-1 with high purity is

acquired from plasma fraction IV.
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to the present invention, it was found that urea can

dramatically influence the behavior of apoA-1 in ion
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protein. This method has advantages such as high yield, low cost, and suitability for
industrial production. Besides, this method uses plasma fraction IV as its raw material,
thereby making full use of plasma resources.

The pure apoA-1 acquired in this invention is promising for applications in

atherosclerosis treatment, anti-inflammation treatment, antitoxin treatment,

liver-targeting drugs, etc.

DETAILED DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow chart showing the production process of apoA-1 from plasma fraction
Iv.

Fig. 2 shows the elution process of the first ion exchange chromatography in Example
1.

Fig. 3 shows the SDS-PAGE electrophoresis result of the sample taken in the first ion

exchange chromatography in Example 1.



Fig. 2 shows the elution process of the first ion
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added to the solution and mixed thoroughly. In this process the apoA-1 is combined
with urea, and this combination is reversible. The concentration of the urea added is
1-8 M, preferably 3-7 M, and more preferably 5-6 M. The mass ratio of the fraction IV
and the urea is 1:30-300, preferably 1:90-240, and more preferably 1:150-210.

A buffer that is usually used in this field was chosen: Tris buffer, phosphate buffer
or HEPES bulffer, preferably Tris buffer. The buffer pH is 7.2-8.5, preferably 7.5-8, and

more preferably 7.8.
In another example, the fraction IV is dissolved under low temperature (0-4°C).

In another example, the pretreatment solution is centrifuged to remove sediments,

and then filtered. The centrifuge speed is 6,000-10,000 rpm, preferably 8,000 rpm, and

the pore size of the filtration membrane is 0.2—0.6 ¢ m, preferably 0.45 ¢ m.

(2) The first DEAE anion exchange chromatography
The solution obtained in step (1) is loaded to a DEAE (Diethylamino Ethanol)
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I n anot her exanple, the fraction IV is dissolved under
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sedi ments, and then filtered. The centrifuge speed is
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The column flow rate of the fraction pretreatment solution obtained in step 1 is
0.5-1.5 ml/min, preferably 0.8-1.2 ml/min. The volume ratio of fraction IV and the
column is 1:5-50, preferably 1:15-40, and more preferably 1:20-30.

(3) The second DEAE anion exchange chromatography

The apoA-1 solution acquired in the first DEAE anion exchange chromatography
step, containing apoA-1, urea and a slight amount of impurities, is diluted by water to a
lower conductivity and then loaded onto a second DEAE column.

The protein is combined on the second DEAE column, and the urea remains in the
solution and is eliminated as flow-through. Then, the protein is eluted by two elution

steps. In the first step, a buffer with relatively low conductivity is used to elute the
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In this invention, post processing methods are also provided to process the pure
apoA-1 solution acquired in step (3). The methods include an ultra-filtration step, a
stabilizer adding step, and a lyophilization step. Freeze dried apoA-1 is ultimately
acquired after post processing steps.

Ultra-filtration, which is frequently applied in this field, is used for apoA-1
solution conditioning, adjusting the solution to an appropriate pH and protein

concentration. For the ultra-filtration, a Millipore PES ultra-filtration membrane with a
molecular weight cutoff of 5000 is used, the working temperature is 4°C, and the

working pressure is under 0.3 Mpa.
The stabilizer added is from among those frequently used in this field, including,

but not limited to, hydroxypropyl cellulose, hydroxypropyl methylcellulose, sodium
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EXAMPLE 1 ApoA-1 Purification

The starting materials include: 0.2 g plasma fraction IV, two 5 ml DEAE anion
exchange columns (from GE Healthcare), and purification and conductivity
determination equipment, namely, an AKTA EXPLORER 100 (from GE Healthcare).

(1) plasma fraction IV pretreatment
0.2 g of fraction IV is dissolved in 100 ml Tris buffer (pH 7.8, 4°C). Urea is added

to the solution until the end concentration reaches 6 mol/L and is mixed thoroughly. The
solution is centrifuged at 8,000 rpm to remove sediment, then filtrated by a 0.45 pum
filter.
- (2) The first DEAE anion exchange chromatography
A first DEAE column is equilibrated by Tris buffer (pH 7.8) containing 6 mol/L
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Tris buffer without urea (pH 7.8, conductivity 11.7 ms/cm) is used to elute the
column, and the impurities are eluted off the column. Then, Tris buffer without urea
(pH 7.8, conductivity 85.2 ms/cm) is used to elute the column, and apoA-1 is eluted off.

The SDS-PAGE electrophoresis results show that pure apoA-1 is acquired in this
step (Fig. 4). The sample 1 is the protein in the column flow-though solution during the
loading process. The sample 2 is the protein mark. The numbers 3 to 5 indicate the
sample collected during the first elution process, which mainly consists of impurities.
The numbers 6 to 10 indicate the sample collected during the second elution process,
which mainly consists of apoA-1. Samples 6 and 7 are diluted by 5 fold, and sample 8

is diluted by 10 fold. The arrow shows the position of apoA-1 protein.

EXAMPLE 2 ApoA-1 Purification
The 0.2 g of plasma fraction IV and the equipment are the same as those in
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impurities collected during the purification process. The arrow shows the position of

apoA-1 protein.

EXAMPLE 3 ApoA-1 Purification
The 0.2 g of plasma fraction IV and the equipment are the same as those in Example 1.
(1) plasma fraction IV pretreatment

The 0.2 g of fraction IV is dissolved in 100 ml Tris buffer (pH 7.8, 4°C). Urea is

added to the solution until the end concentration reaches 6 mol/L, and the solution is
mixed thoroughly. The solution is centrifuged at 8,000 rpm to remove the sediment and
then filtrated by the 0.45um filter.

(2) The first DEAE anion exchange chromatography

The first DEAE column is equilibrated by Tris buffer (pH 7.8) containing 8 mol/L

8



nmol /L is used to elute the columm. ApoA-1 is eluted.

The elute volune is 20 M. Tris buffer (pH 7.8, 59.2
worgjosmss4exs pecti vely) is used to elute the col uPgil/usaud7/020258

the inpurities are eluted. (3) The second DEAE ani on

exchan chr omat ogr aphy, T roce are the sanme as
i ERESEcH RO AT Y lopdkdh S PEFRE Bhind A 0T e or 1

' . [ . .of o pl f.ractio
g s SEE G 26 SubUERTSEE L AREEN g Role TRl 860 0we
th@RBfdmn. CApbRCT 68 efufedt MenPUhid L6RIeC: Sftis (A

10 ﬁis thep!orrpursldtetlugksd C“ﬁ?(‘ég{tiéf&@ﬁflﬁgﬂ{ﬁg glﬁlrsi I catlon
cORHRARSS-S 9%5/@!&1%%3%@ W\StuichBe 808Mhi £1A tRE irARRAYed are eluted.

protei n. EXAMPLE 3 ApoA-1 Purification The 0.2 g of

pl @3 Mhe técdal DEAE ¥hisn éxdHaggechtopa®atapay e t he same as

those in Exanple 1. (1) plasma fraction IV

pr &he patcodurts dieehsameagasdfi Bxampic The Yutificatiomsesulisdré shown
2100 M Tris buffer (pH 7.8, 4C). Uea is added to the
indag.0t i on until the end concentration reaches 6 nol/L,

and the solution is mxed thoroughly. The solution is

centrifuged at 8,000 rpmto renove the sedinment and

SR A 2, 7 5
Tfl‘éegﬁ'#lﬁ?lﬁi e R %}%@%ﬁ%&? bl i?(fiéﬂ i) e1cgange
AT 6 S o ey o

. / - .
exthlie s iphERR 28 SEftare®, 1B fifin, G LERIRS), SpAfipignd o
UV dbtectet@rbmh iShbhghaP JinRudehedthatb Srapife @qh?nﬁhut%rﬁdaﬁion) and
colum, and the Tnpurities are el uted. (3) The second
conthéidtivatyi determirciian gguipmentyaimely (g KTACEXPDORERI BX) @fotn GE
the sane as in Exanple 1. The purification results are
Hediiboare) n Fig. 7. EXAMPLE 4 ApoA-1 Pilot Scal e

Purification
(1) plasma fraction IV pretreatment

M

60g fraction IV is dissolved in 100ml Tris buffer (pH 7.8, 4°C). Urea is added to

the solution until the end concentration reaches 6 mol/L, and the solution is mixed
thoroughly, centrifuged at 8,000 rpm fo remove the sediment, and then filtrated by the
0.45 pm filter.

(2) The first DEAE anion exchange chromatography

A first DEAE column is equilibrated by Tris buffer (pH 7.8) containing 6 mol/L
urea. The solution from step (1) is loaded onto the DEAE column at a flow rate of 10
ml/min. Tris buffer (pH 7.8, conductivity 3.7 ms/cm) with a urea concentration of 6
mol/L is used to elute the column. ApoA-1 is eluted. The eluted volume is 10L. Tris
buffer (pH 7.8, conductivity 80.3 ms/cm) is used to elute the column, and the impurities
are eluted.

(3) The second DEAE anion exchange chromatography

The apoA-1 eluted in step 2 (pH 7.8, conductivity 3.7 ms/cm), containing apoA-1,



The starting materials include: 60y of plasma fraction
IV, two 1500 m ion exchange col ums (from Shanghai

wQ 20080884Chr omat ogr aphy Equi pnent Cooper ar at i onpCT/HB10071020258
exchange nedi a, nanely, DEAE Sepharose FF (from GE

oA B 65 O
ESHSEAR i R CALEALLET RO p P TSh o
S B SR A 1

elﬁ‘:%é’t%di%‘ﬂbwithﬂouglhe end concentration reaches 6 nol/L,
and the solution is mxed thoroughly, centrifuged at

8, @HO bufFer Wahé @MYL (PH§.85 eshdi®Avity 20d rhérem) id hdelab thte the
by the 0.45 mmfilter. (2) The flrst DEAE ani on

cobymiaand ehe impurities geaplnted AT thestolusoAF lea] T bufer without urea
equilibrated by Tris buffer (pH 7.8) containing 6

(phipl.3,lcondusdivity e 4gud/em) io nsddrto mlust thp c¢liinni and apadetis@hited off.
the DEAE colum at a flowrate of 10 m/mn., Tris
bufheSDEHIAGE glecteenh@irsisirosulty ag shows/ie Fijg Wi The eesultseshow that
concentratlon of 6 mol/L |_s used to elute the col um.

DUk ap/y-ljcan glsp g gcquited inp pHRFCHlsINRRSSS s 10L. Tris
buffer (pH 7.8, conductivity 80.3 ns/cm is used to
elute the columm, and the inpurities are eluted. (3)

lg%&sf‘?ﬁppﬁéﬁfl\”’*&?i"%@ﬁ %ﬂgﬁ"*’éﬁ’?‘igﬂ?ﬂg?f??? Y 3.7 f
oo RN BuARG h: B ERRNT & el ABBUY B gpon

i mpuri |es ute er by | oa

in%ﬁk}ﬂri%tﬁnrliﬁ)i_ﬁ@tﬁﬁﬁiﬂa@ﬁﬁgt ﬁ@ﬂn%ﬂ&n@ial SUN Bitéchi. 2rDl0

he apoA-1 and a slight amount of inpurities

P%@&?%dﬁy?otélp?s &&He %‘1 nﬁ%ffi AR ahf?@ﬁﬁsa#drlhéﬂﬁcubated

im na Wt hrou
buffer wi t hout urea (pH 7 8, conduct|V|ty 12.2 ns/cnm
at33 " (ufed S munetes tAdter h‘@ub@tmmhe selution saletasted biyt50& smaabsorbency.
eluted off the colum. Then, Tris buffer w thout urea
The results show that this protein is apoA-1.

EXAMPLE 6 ApoA-1 Protein Determination
Using the method described in Example 5, the apoA-1 proteins from Examples 2
and 3, réspectively, and the apoA-1 protein from Example 4 are detected by the apoA-1
immunoturbity determination kit from Shanghai SUN Biotech Co. LTD.
Similar results are obtained.

It will further be appreciated by those skilled in the art and it is contemplated
that variations to the embodiments illustrated and described herein may be made
without departing from the spirit and scope of the present invention. Accordingly, it is
intended that the foregoing description is illustrative only, and the true spirit and scope

of the invention will be determined by the appended claims.
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(pH 7.8, conductivity 50.4 ns/cm) is used to elute the
columm, and apoA-1 is eluted off. The SDS- PAGE
web@snssaphoresis results are shown in Fig. 5. HA¢EUS2007/020258
results show that pure apoA-1 can also be acquired in
C%ﬂéﬁm scal e process. EXAMPLE 5 ApoA-1 Protein
m nati on The apoA-1 protein purified in Exanple 1

i's ' NN rhity
Ly ch ERARITSA e ABR8acn AT WBBRMEE, Lo 0. Lo
1 . fied OroLei. | _
| e ik ORI D LRI SEL RN S, Bt fdotion Iv
préfréfhehtXoUIRAI ON, the solution is detected by 505 nm
absorbency. The results show that this protein is
apAdadingXMPIpketfeatipand- ol atquifadt & tepata) ab bSfifsg anion
the nmet hod described in Exanple 5, the apoA-1 proteins
chromatoEraphptasma, andh& elntigpeith 2 beffer, I camgrising 1e80dAirda having
protein from Exanple 4 are detected by the apoA-1
a condueldeibr ofi It-¢ mebometonabiain ian gluent I thatonaishyanegtaéns apoN-1 protein;
Bigtech Co. LTD. Simlar results are obtained. It wll

f uptlprdingelugn dte gisaeand Fion fuerpategraphygolpmng fest guing wth a
[ [ t I th [ [ t.o t he enbodi t
bitfar B Fis? SRR HBLKY ObAa MR eyt CRABE it famer 1L

departi from pirit and. scope of ,the present

YO BB DR b, BT B et e Rie
foregoing description is illustrative only, and the
true spirit and scope of the invention wll be

2.detiRy Meed oPX1dihel, 3aReH At ShadhdFralttodl INBislobtAindE®by &t Cohn
of purifying apolipoprotein A-l, conprising: a) mxing
ethard$ Mactignatibn ARtHod. W th a sol ution of 1-8 M urea,
formng a fraction IV pretreatnent sol ution; b)
| oading the pretreatnent solution acquired in step a)
to a first ani on chronmat ography colum, and then
3.el The method phclainp bif wherein baffepHiisdlndgs 0-BMinga.ea havi ng a
conductivity of 1-4 ms/cmto obtain an eluent | that
mai nly contains apoA-1 protein;

4. The method of claim 1, wherein buffer III includes 0-1 M urea.

5. The method of claim 1, wherein the urea concentration in steps a) and b) is 3-8 M.
6. The method of claim 1, wherein the urea concentration in steps a) and b) is 5-7 M.
7. The method of claim 1, wherein the conductivity of buffer I is 2-4 ms/cm, the
conductivity of buffer II is 7-15 ms/cm, and the conductivity of buffer III is 70-95
ms/cm.

8. The method of claim 1, wherein the conductivity of buffer I is 2.5-3.6 ms/cm, the

conductivity of buffer II is 9-12 ms/cm, and the conductivity of buffer IIT is 80-90

ms/cm.

11



c) loading eluent I to a second ani on chromat ography

columm, first eluting with a buffer 11, having a
w@eordgi4pyity of 1-15 ns/cm and | ater el uti ngP@i/Uk2087/020258
buffer 111, having a conductivity of 30-100 ns/cn1 to

o SHFRHRAE FPRLT R Sh i fion FRSAEE 881%{%%": :
r%tol?mﬂ técfr{lgado (%nflng%a(cﬁl%n hqugatogragﬁffﬁ}q@é%i Z?aﬂallgak anion ion
oyl opppr o7 bul (o 1111 ncludes 1 v
concentration in steps a) and b) is 3-8 M 6. The

met hod of claim1l, wherein the urea concentration in

105 Tap ethodasTdldin 1i, svhereln dAch AniohNhrerRAtB@EpRY call@hiR dne of 1) a
wherein the conduct|V|ty of buffer I 1s 2-4 ns/cm the

QABnouetdhangecobdimb afid 2y a DEAFsior et&hangé catumand t he
conductivity of buffer Ill is 70-95 ns/cm 8. The
nethod of clain11 wherein the conductivity of buffer
S -3.6 ns/cm_the conduct|V|t§ of buffer Il is )
1 19 The mfmslrﬁf i L reheraim theanassireyjo off franiiondV instepj Isand urea is
'gﬁ g ms/cm 9. The nethod of claim1, wherein each
1303 exchange chromat ography colum is one of 1) a
strong ani on i on exchange chromatography colum and 2)
a weak anion ion exchange chromatography col um. 10.

IZT%e %ettl%%do (‘halﬁ'll f’“\me}em meﬁl%s'}?&g;gpfr?%&gw in ste)PC]hand urea is

chromat ogr a ion-e ange
1:6@blgm and 2) a DEAE i on exchange colum. 11. The
method of claim1, wherein the mass ratio of fraction
IVin step 1 and urea is 1:30-300. 12. The net hod of
claim1, wherein the mass ratio of fraction IV in step

131 T8 ehetticicofl Faif BGvidddin tHe3maskhatioref hadioaflvcihatep 1land urea is
wherein the mass ratio of fraction IVin step 1 and
1:U5@2a10.s 1:150-210.

14. The method of claim 1, wherein the buffers I, II, III of steps b) and ¢) contain at least

one salt selected from the group consisting of NaCl, KCI, MgCl, and CaCl,.

15. The method of claim 1, wherein the elute buffers I, I, III of steps b) and ¢) contain
NaCl.

16. The method of claim 1, wherein, between steps a) and b), the fraction v

pretreatment solution is centrifuged to remove sediments, and then filtrated.

17. The method of claim 16, wherein the fraction IV pretreatment solution is

centrifuged at a speed of 6,000-10,000 rpm, and filtrated with a filtration membrane

having a pore size 0f 0.2—0.6 y m.

12



14. The nethod of claim1, wherein the buffers I, |1,
Il of steps b) and c) contain at |east one salt

W@ 20080880 from t he group consisting of NaC, KET/UMYCHR0258
and CaCl 2. 15. The nethod of claim1, wherein the

e Sndlod & claimut sl befieeR R b B FnoSliofiRiiRs e cluted
b)?& SRﬁeﬂX/i l%&gg? %oéfdpgtin{%@ao?%ls%‘o L\ pretreatment sol ution

S centr e sédinents, and then
filtrated. 17. The nethod of claim 16, wherein the
fraction |V pretreatnent solution is centrifuged at a
1% PERImetho 0061amd 98 OALré&iR Bu ety Edntdinad-edMWirdah 2
filtration nenbrane having a pore size of 0.2-0.6 m
m 18. The nethod of claim 1, wherein, between steps b)
and c), nost inpurities are eluted by a buffer IV
2hallheamethod oficlant il §,i whereifi baffer IROctaing at1€hst direesattstlectdd from
of claim 18, wherein buffer IV contains 0-1 M urea.
the grouptrensiptingef NaCleK&il.Ma6l apf&ieeln buffer 1V contains
at |l east one salt selected fromthe group consisting
of NaCl, KO, My 2 and Cad 2. 21. The nethod of claim

wh i ff IV t ai NadCl.. 2...Th t hod of
21 Themehe e i, T iR an R SRGins RipL 10 11108 ©

7.2-8.5. 23. The nmethod of claim1l, wherein buffers I,

Il and Il conprise Tris buffer. 24. The nethod of
i ot . ’ .

25! BdygbOEE o 1| Wyl BTkl AL
buffers I, Il and Ill is 7.8. 26. The nmethod of claim

1, further conprising, after step c), at |east one of
234! ThieamEthbd ©f tlain | hehdreineudeeA; M apt OL bfhprisdlTi $16u ffer.

stabilizer to the pure apoA-1 protein, and

| yophilizing the pure apoA-1 protein. 27.

Apol i poprot ei nA-1 obtained by the nmethod of claiml.
24. The method of claim 1, wherein the pH of buffers I, II and III is 7.5-8.

25. The method of claim 1, wherein the pH of buffers I, IT and III is 7.8.
26. The method of claim 1, further comprising, after step c), at least one of ultra
filtering the pure apoA-1 protein, adding a stabilizer to the pure apoA-1 protein, and

lyophilizing the pure apoA-1 protein.

27. Apolipoprotein A-1 obtained by the method of claim 1.
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