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(57) Abstract: Provided are an apparatus and method for crystallizing a culture solution using a PCA process. The method for crys-
tallizing a culture solution using a PCA process comprises the steps of: supplying, to a container, a culture solution including a first
solvent and a target material dissolved in the first solvent; supplying a third solvent to the container; and supplying a second solvent
to the container. The first to third solvents form a multi-component mixture, and the target material precipitates. The apparatus for
crystallizing a culture solution using a PCA process is an apparatus for acquiring a target material by drying a culture solution including
a first solvent and the target material being dissolved in the first solvent, the apparatus comprising: a high-pressure container to which
the culture solution is supplied; a first supply unit which is connected to the high-pressure container and supplies a second solvent to the
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high-pressure container; a second supply unit which is connected to the high-pressure container and supplies a third solvent; a pre-cooler
which is provided adjacent to the first supply unit and pre-cools the second solvent discharged from the first supply unit; and a pre-heater
which is provided adjacent to the high-pressure container and pre-heats the second solvent supplied to the high-pressure container.
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a b © d
PCAT 5 48.2 | B2.6 | 48.8 | 50.3
.ﬁ(zﬁ 91.5 | 76.2 | 87.5
a b c
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200 100 1 85/5 90 60 i
e b ¢
PCAS | 25 189 | 478 | 443 | -
78.3 | 82.3 | 77.0
a b [
PCA4 | 35 414 [ 487 | 438
720 | 75.1 | 75.8
a b
FD - 39.6 | 342 -
63.9 5&3._5[
a
Control = B7.b =
L 100
[3% 2]
0-Day 14-Bays
Sample
VEGE ¥ =(pg/mL) VEGE T%(pg) VEGF ¥ =(pg/ml) VEGF % %pg)
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a b < d
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— B
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VEGFE ¥%(pg/mL) VEGF T%(pe) VEGF ¥=(pg/ml) VEGE F%(pg)
a b € d a b [ d & b © d a B =3 d
PCAS
818 6517 647 627 2HOT | 2649 | 2425 | 2687 447 520 522 500 2028 | 228% | 1988 | 2144
1 b © o b S a b c a b o
PCAB
511 872 T01 ~ 2752 | 2941 | 113 ~ 472 566 E70 ~ 2128 | 2470 | 2E40 B
4 b € a b [5 & b € a b ¢
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597 803 10 3120 | 3485 | £239 G548 543 £48 2454 2341 | 2192
a b a b a b a k)
ED - - - - - - -
70 1017 2688 | 3511 ZES 343 413 1188
Control . - 2 - a“ - a -
1245 8223 51 2554
[71] [3% 6]
[72]
Sample
A &(%)

[73]

[74] T4 WA 67 6 WA 95 F23H¥, VEGFY] 5= 34 8o T/ 45
Tt Ao ® Ut ol &5 COY B ETF HolAd A &3 io
G g o] Fi=d frelshe]l A Gl A o] £3Fl o wE 58 B
22 2 Q1 Hyool o gk :=E A (ko] ZHa-ske] 27| VEGF & 57F 54| YEbhd T
T, e e S A e A S HAT gl gkl
Sl 27| VEGF s 50lli= @& whola] & oA SHH 2 x2E 9
VEGF & %°] 7Hd %t

[75] deol & oM A MELdFS 789 el A9 VEGF %
H- A Fo] ¥t} o)== At & H(shear stress)°l] &3 Ao 2 At 382 F-H 2
Q) Swo] o e Wizt Yol £LFE 00,9 HET} FopInE,
SFeo] 255 EFolo] PALE w g Ao Fxo] U F AEYLE T
5] w7kl 19l WALS 907 Atz oh] A Rk AP E g o] 72
A4S U Ak B Y USE VEGES £ J 57} obd 589
oA FEE FAR 5 iz Agre] Fobxth A AR e Aol
A2Fe 580 Gl o] T2 §4 &0 A3 Dol A 149 Fo3= PCA
243 42| 7122 WK} VEGF ko] 24 470,

[76]  200bar $1¥ Z710) 4 VEGE 72 %28 0] the 42 27100} shop x4t
VEGF %ol A 25 1 S-A|3te] PCA 243} T4 o)A 98 2710 & 200barE
Aelahiz Zlo] uleh 5o, o] % PCA 23k 34014 ol 271 5 & 200barol A
Fapstolet

[77]
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[80]
[81]

[82]
[83]

[84]
[85]

10

PCA A A 3} FA ol 4] NMP/H,O ratio Z=71(65/5, 75/5, 85/5, 95/5g/g) 7+-2
ASIA AP A8 e, 248 210 2 23S %7 WA 99 5 10 WA
130 JERNATE I 72 PCA A4 3} ¥4 o)l A 2] NMP/HO ratio ¥ '8 21 9
A5 e AL, ¥ 82 NMP/H,O ratio ¥ 5~ ' PCA 248} T4 7%= & <]
AlZbe] twhE ELISA -4 A #E Ve, 3 95 NMP/H,O0 ratio ¥+ PCA
AR T 7z Eo] 14U & o) =¥ 3lE& w9l VEGF 7%

[e]
o

A (%) S HHEFRIT

E7)
e | T | U CO R | R R | NMPHO | B BAL | AY A A me)
Sample

P () | bar) | ml/min Gonl/min) ratiolw/w, g Az Homind {min) 2% (%)
a B o
BCAS 65/5 70 18.3 | 215 | 244
31.8 | 37.4 | 424
I—
a b fod
PCAS 7515 80 50.5 | 506 | 484
7. 21 34 .
15 | 200 100 1 60 AR AR
a b c
PCAID 85/5 90 56,5 | 516 | 52.4
96.5 | 89.7 | 91.1
a b C
PCATLL 95/5 1060 52.7 | 2.8 | 316
91.7 | 910 | 897
a b
ED - 387 | 442 -
53.6 | 768
a
Control 57.5
100
[3% 8]
0 Day 14 Days
Sample : e S
VEGF +5(pg/mL) VEGF %) VEGE s%pg/ml) VEGE S%(pg)

PCAS a b c a b c a b o a b e

kot BED 530 1048 gl 1337 5185 541 8627 g1g JRIN 113y
| 2

PEAY a b (> a b c a B o a b c

830 BaT 710 2768 2801 2989 584 823 Raz 2343 2302 2492
PCALO a b ¢ a b (o a b [ a b €
a2t} 754 T8T 3305 3458 g58h 573 515 6539 2768 2761 2810
PCAT a b c a b c a b c a b c
764 750 BE1 3225 3409 2965 515 5499 534 2818 2724 7397

ED a b a b a b a i}

7498 803 2339 3087 A02 482 1178 1651
o
C t } a a a a
ontro - - - N
1075 5373 805 4024

VEGE 7
A £(%)
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[87]

[88]

[89]
[90]

[91]
[92]

[93]

F 7 WA 99} = 10 WA 13& FH%x34H, VEGFY] 553 A #FoluA]3=
%A 7 NMP/H,0 ratio”} 7185 5 7}0}47} 85/5°l A S A a1 ThA

} 4 3F7] Al ZFeHCE NMP/H,LO ratio7} S8 v i= -8 v 2] oFo] B2=1-317]
o] CO,%} H,O07F 2t 4l o] A olA Tl A& ol F+=d &2l st H,09
SEET7F =it gl o] H,08F W] 7t 2 H 4] gFobA Hy00l thEk =5
[ZFo] Hoj x| a1 Z1RbE VEGF 1% Ao A &all & o}, 12t} 7} 85/5
ratio®l] A] VEGF FLo Aok Hola, IA BT =& ratio?! 95/57F HH ©@d
gol ¥ He A 9F CO, + NMP + H,0 E3Fol o] qrul A o] o) 3F &3 % 7}
Z7Fsto] Al Hzooﬂ gk = Alko] Aot} o] g A ek 8ol e
daF-g v x| =, 65/5 rauofﬂw = @ A& o] F=H NMP o] =35}
vkl A o] AdkE7) H,00) H-& A R &alo] ®lt}. 75/5, 85/5, 95/5 ratio =71 9]
&l A = =g o] vl =at Al Ur%kflur VEGF 55 glol| A ofgke] 2fol & Hojm =
A= VEGF &%) M= VEGF 5% 4 &4 & whekgik.,

NMP/H,O ratio®l] #A| Q1o AZE 9] 4= Aol A 2] VEGF 7% f-A & 9]
H|5238tt) o] = CO,9 25, oF8 £ o] dA st =F ¥ pH 74 o] H|2517]
ottt 4 % EETH Dozl AxEE & Aol Ao -2 FA] &0l
A A 5] ol A 14U ol &= PCA A4 3} 8 9] 11 ZE&E K.t} VEGF &% 0]
A FFA gk}, Control éB = Al afF Aol Holgl= o ¢ 7%%1 H7t=E0l
T8N oA VEGFL 714 ¥l & 5718k A VEGF -2 §- 4 & 9] PCA
AA 3} FAH HT} shol At

PCA A7 3} FH ol 4 NMP/H,O ratio 271 & & 85¢/5g3 Al Bl &}i= 7l 0]
uhgk2 sk, o] % PCA 24 3} 3 A ol A o A3 =2 85g/5g0 A =3 8kt

=

N, g

U= A

>

s P%

[AlA Al Zbel] wpE whulal Stz §-1]) 9 obd Al B] o]
PCA ﬁ?ﬁﬂ AN AA AIZF Z71(30, 60, 90 min) TS W IA| A7 28-S
630} ,AE 521‘3—2757%—%10 2 129} 5 14 WA 170 VERR AT
J AE g 8 AY AR E vEhdaL, £
A A ZE ] At wE ELISA A
T PCA A4 3} &4 x1xEo] 1443k
O
o

A& (%)& HEFI T

11% xﬂz% /\]7P W4 H pCcA AA 3}
AE e, 3 12 4178 AIRE

&l =E5 S W el VEGF 7
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s N ,ﬁ }_LE %‘
[94] A e S I L AT ma) .
Sample oy | bar) | Gmifmin) | (ul/min) | ratioGwlw, @ | Azdmim | o N &
ar, §111 13, rano! W, A 1% 8.1
& {min) 8% (ppm)
a b <
PCA1Z 30 52.7 | B2.6 | B1d4 .66
917 | 91.5 | 839.4
a b c
PCAL3 15 200 100 1 85/5 90 60 49.7 | 80.7 | 511 0.56
86.4 | 88.2 | 88.9
a b c
PCAl4 90 504 | 52.5 | 0.3 0.53
87.7 | 91.0 | B1.B
_—
a b
FD - 45.2 | 89.5 - -
7865 | 68.7
5 |
a
Control - 57.5 - -
100
—
[95] [3% 11]
[96] 0:-Day 14 Days
Sample
VEGE ¥X(pg/ml) VEGF %0 VEGF F=(pg/ml) VEGF &% pg)
S b c a b [ & b ¢ a B c
PCAL2 684 736 693 3136 3375 30496 B6ld Xig) 61 2315 3062 2808
a b [ a b [+ ;3 b [ & b &
£GALS 596 420 731_5 3010 35815 3267 6358 760 574 2473 3353 2551
a b [ a b ¢ a b > a b ©
PEAT4 575 771 763 2962 3507 3337 L 581 882 700 2548 3103 3080
a b a b a b a b
ED = - - - = =
748 7342 2944 2510 132 41% e 1415
a a 4 &
Control - - - - - -
867 4333 877 3383

[97] (3% 12]
[98]

‘rf»ﬂ (%)

[99]

[100] F 10 WA 129 5 14 WA 178 3284, VEGF2] 55 5= 30min ©| 44| A4
AlZbg 5 VEGF 7] 55 ko] 43s 74 ¢+ 3 o= Vet 271
30min®| Al Al @A o) A o] @b o] G- Styjo) 7t E RS F
U= A S U(NMP, H,0)9] th-i-o] Ao A A | +82 Z& A4

Al Zkoll A Bl S=al Al 2R T, £, VEGFS] F53F =5 M| A A ZEe] A}olol] o 3F&
k=) oF =

[101] A7 Al gkell #AIglo] A Z2E ] 89 Aol A o] VEGF 7% A & 0]

Hl =5kt o]= CO9 &5, ¢35 7o) dA4sto] =E 4 pH g7 o] vl 238t7]
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[102]

[103]
[104]
[105]
[106]

[107]
[108]

[109]

[110]
[111]

[112]

13

& ol A VEGFS] 71 -3 & 5 x18to] 4 VEGF & 7+ &°] PCA
A s 3R Yozl

Aol MEE 3 &5 &7 4 5 ool = A
ded o k. whebA] 7 Mg AIE 27 R Aozl AEE A 71 A
A2 n}E 12 9)(Gas Chromatography) & &3l & &9 & S48 Bkt
O A BE A ARE 270l thEl A 1ppm v Re] A &l 7 S A H AT
FDA(Food and Drug Administration)®ll 2|3 NMP<] 4 # Al $H-2 530ppm &=
A7) MEELS 1ppm V| REO E Q1A )] & v x| A] =1}

PCA A5 TAoNA A4 AIZF 271 02 30mine A 83 o] ulekx e},

O

w182 7 T4 9] HH 2o A Qol Az el A4 1A o @ ol (Growth
Factor Array)E o] & 474 91 ahe] el sjEl S Lhebic,

%18 Fashd, PCA 248 3 F 2 Z12(FD) B0l thaiA do7hA ¢ g
oltEo] A W E = Ao epykt,

PCA A3} ¥4 2| 749, 85g NMP/5g H,0 ratio 2] Hlj &Fell-8- o]-8-3}¢] 15°C,
200bar, 100mL/min®] CO, %, ImL/min®] &3 (NMP+1] %) F-3F, 30min 2]
A 212 eSS W 7] VEGFY & f- A& 3 F5, 1¥]1
144 31e] =8 B o] = E A& A& VEGFO] & A& F-oll oA

Aolt). 1 m 2 AN | AN 5 e B4 wo] olilar A A
Pdol A el Eofof g}, B g e] Mgl AL Aol ojg
£ 9lo] deRt gow, 19l BEF WY o] iz BE Aol He B
ukrjo] Tabyl 4102 54 ofof 3 Aol
Ay ol §7H5 A

kg o] A1 A] o Sol] whE PCA B4 o &3 Mol o] A3 4
e B BAER)e] T2 W 4ol WMAE = AL A s HA B
2ARZE)S A% 5 ATk A8 Sol, 4] A48t 44 2 e L5
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7] A2 gl = o] 4k3} gk 4 DME(Dimethyl ether), N,O, 2
HFC(Hydrofluorocarbon) 5ol A A o] & sl & X &3Far,
7] A3 81l = NMP(N-methyl-2-pyrrolidone), DMSO(Dimethyl sulfoxide),
2 DMF(Dimethylformamide) =-ol A & o] & & }& X §38F= A&
5402 sh= PCA AL o] 53 i gFole] A4 A,
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PCA, Temperature Effect
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