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We developed a flow distributor for high-performance chromatographic processes
during the purification of biopharmaceuticals. Twelve distributor candidates are
provided, including four types of distributors with different-shaped holes, and
three sub-types with different number of holes. We evaluated the flow distributor
candidates by spreading bromophenol blue dye on the membrane , and
selected the most suitable distributor Arc 45 deg. type. Using 10 ml columns
with three different length-to-diamter (L/D) ratios (4.33, 0.92, and 0.34) of
column, we measured peak asymmetry (As) values. The 10 ml column with
0.92 L/D ratio showed best As value. We also carried out flow experiments on
the three sub-types of Arc 45 deg. distributors on the 0.92 L/D ratio 50 ml
column and Arc 45 deg. 1:8 distributor showed best performance. The As

values of this optimal flow distributor are 1.2 or less. In summary, this study
provides optimal distributor values for chromatographic purification of
biopharmaceuticals.
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Table 1 Specification of commercial flow distributor

G* G* B* B*
X model | H model | Q model | O model
Inlet diameter 3.0 0.9 1.0 1.5
(mm)
Surface angle 6.55 0 2.82 9.11
(deg)
Flow way width ) 0.66 0.53 -
(mm)
Flow way depth . 0.58 0.43 -
(mm)
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Fig. 3 Preparation of flow distributors by 3D printing

Fig. 30lA2} Zro] Qubea SLA 450 3D printer (Fusin Tech,
Korea)E o]-&35}0] 3D printingg Z3¥5t 2 1271%]9] 55 &
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Table 2 3D images & 3D printing products of 12 flow distributors

[e
| D Light for high speed camera

Q Laptop for high speed camera

Full Half Quarter
3D image
Multi-Circle
type 3D
printing
product
3D image
Multi-Rectangle
type 3D
printing
product
3D image
Arc 90 deg.
type 3D
printing
product
3D image
Arc 45 deg.
type 3D
printing
product

FPS (Frame per sec. )i 60x =9 #ZGsItt. Dye= 10
ml/min®] £=2 FUsFom 29 F Image ] (NIH, USA)
2 membrane dye mtens1ty_—] BIHS =Asto], 35 Huj7]9
e F HEE Sl
2.3 Zgle| Zo|2t &Z9| H|E(L/D ratio)

7o) Zol(L) % AADY] HE HAl 459 v B 9
stof Fig. 59} 20| 2UE AAIL, 55 Bal7]e) AA]
2 sk 71 10 pmo ZH(fiit)S Y2 F FH71E TR

th. AKTA purifier FPLCol| Z2Fsto] 0.4 M NaClZ A4k 20
cm/hZ 4 3 Column Volume (CV, AE9] Hu))& F5t0]
HyYst AlFh 23 1% CVoll sigste 2391 0.8 M NaCl
100 plE 9 372 0.4 M NaClE H&E 20 cnvh® 4
2 CV T F9Joto] peaks RISt As Fhg AtsISIT 2%
CVe 5% CVe] Z$ 247 10 sigsh= £3Ql 0.8 M NaCl
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Fig. 5 3 type columns prepared by 3D printing for optimizing
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Table 3 Photos for 15 seconds compared to the initial spread of
dye on membrane surface. (G*, R*: commercial distributor,
control; MC-: Multi Circle, MR-: Multi Rectangle, F: Full,

H: Half, Q: Quarter)
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Fig. 6 Percentage of change for dye intensity of membrane on

flow distributors (a) shows percentage of change for dye
intensity of 3 Multi circle flow distributors and controls,
(b) shows percentage of change 3 Multi rectangle flow
distributors and controls, (c) shows percentage of change
3 Arc 90 deg. flow distributors and controls, and (d) shows
percentage of change 3 Arc 45 deg. flow distributors and
controls. (G*, R*: Commercial distributor *control, MC-:
Multi Circle, MR-: Multi Rectangle, F: Full, H: Half, Q:
Quarter)
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Fig. 7 As values on 3 type columns regarding injection volume

Table 4 Information about 3 types of 10 ml column to find the
optimal L/D ratio

Type A Type B Type C

Length of column (L) 65 mm 23 mm 12 mm

Diameter of Length (D)| 15 mm 25 mm 35 mm
L/D ratio 433 0.92 0.34
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Fig. 9 Percentage of dye intensity change for 3 selected Arc
45 deg. type flow distributors
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Table 5 3 Flow measurement results of selected Arc 45 deg. type
flow distributors
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Fig. 10 Column peak containing optimal flow distributor

Table 6 As and HETP/d values of 50 ml column on optimal
flow distributor

#1
1.17
2.01

#2
1.14
232

#3
1.20
271

#4
0.93
3.89

#5
1.01
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Table 7 Antibody purification ratio using S0 ml column of type
B on optimal flow distributor

Ist | 2nd | 3rd | 4th S5th | Avg. | SD
Purification
ratio
(mAb me 273 | 348 | 309 | 264 | 275 | 294 | 1.6
/resin ml)
5th purification i
3000- 4" purification | é
3'd purification % |l| ['
% 2nd purification I lll
;‘é 2000+ 13t purification - '|
E‘IDOU T ‘__-4__-
8
8| e j
0 4_’__/«-\__

1000 2000

Retention volume (ml)

Fig. 11 Antibody purification using 50 ml column of type B
on optimal flow distributor
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