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ABSTRACT Objective: To analyze and characterize the separation effectiveness of self-constructed
asymmetrical flow field-flow fractionation system on proteins and lipoproteins, to achieve the optimization
of the experimental conditions when separating lipoproteins by orthogonal design test and to investigate the
carrier viscosity’ s influence on separation effectiveness. Methods: The evaluation of asymmetrical flow
field-flow fractionation separation capacity was conducted by using two standard proteins ( carbonic anhy-
drase and thyroglobulin). Under the optimized separation conditions of carbonic anhydrase and thyroglo-
bulin, the channel actual thickness ( after assembling, the actual thickness of separation channel was less
than initial thickness) was calculated by the analytes’ elution time based on the hydrokinetic theory.
With orthogonal design test the optimized experimental conditions were studied and statistical analysis was
carried on to find out the factors with statistical significance which needed further exploration. Results;
According to the hydrodynamics principle and Stoke’ s function, the channel actual thickness was mea-
sured to be 164 wm by separating the two standard proteins, carbonic anhydrase and thyroglobulin, under
proper experimental conditions. By the optimization based on orthogonal design test, base-line separation
(the resolution had to be higher than 1.50) was achieved. The resolutions of the two experiments were
1.61 and 1.58. According to previous study/ pre-study and supporting theory, in the orthogonal design
test, the total 5 factors were integrated for comprehensive investigation; the total flow rate (3.00, 3.50,
4.00, 4.50 mL/min) , focus time (3.00, 3.50, 4.00, 4.50 min) , transition time (0.5, 1.0, 1.5,
2.0 min) , pH of the carrier fluid(6.8, 7.00, 7.20, 7.40) and viscosity of the carrier fluid hydroxypro-
pylmethylcellulose concentration: 0.00% , 0.03% , 0.06% , 1.00% ). Among the 5 factors, viscosity
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was found to have the statistical significance on separation effectiveness which was further investigated.
The resolution of high density lipoprotein and low density lipoprotein was increased by the increasing vis-
cosity which also caused more obvious negative spikes. Conclusion: The separating capacities of self-
constructed asymmetrical flow field-flow fractionation system on lipoproteins were verified to be effective
and an optimized experimental condition was found to achieve the base-line separation of high density li-
poprotein and low density lipoprotein. Viscosity of the carrier fluid was proved to have the statistical

significance on lipoprotein separation.

KEY WORDS Asymmetrical flow field-flow fractionation; Lipoprotein; Orthogonal design test
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Figure 1 Schemes of asymmeitrical flow field-flow fractionation mechanism( A) and real channel design of
self-constructed flow field-flow fractionation system (B)
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Table 1 Five factors and four levels of orthogonal design test for the separation of standard lipoproteins
(high density lipoproteins and low density lipoproteins) by asymmetrical flow field-flow fractionation

Four levels Total flow rate/ ( mL/min) Focus time/min Transition time/min pH HPMC concentration/ %
1 3.00 3.0 0.5 6.80 0.00
2 3.50 3.5 1.0 7.00 0.03
3 4.00 4.0 1.5 7.20 0.06
4 4.50 4.5 2.0 7.40 1.00

HPMC, hydroxypropylmethylcellulose.
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Table 2 Focusing/elution program

Percentage of Percentage of Total flow rate/

Time/min g A/% Pump B/% (ml/min)
0.0 5.7 94.3 3.50
3.0 5.7 94.3 3.50
4.0 100.0 0.0 3.50
11.9 100.0 0.0 3.50
12.0 5.7 94.3 3.50

1.5 FHEERARX RS r BRI

WY B R G SRR A W ia A4 3l ) 4 kiAz
225 AT B A TZ R G R T B, S
BIRCR (Jr B BE R) 32 HOB A A B2 it 38 5% 152 i
LR TEZ R R b, B0 pH (B BOR R
TR R A 32 SR A o[]S BE A 1) 28 B o)
TG BE (cross-in) KA 1] I 34 B ( cross-out) EL7E
AR T AR AT oA AT IE RS B
RIS NG 53 88 A5 PRI, & BB R 0 I8 &
Ho3 B s B e it 2 22 5, I AE iR 45 52
PRIR IO B 0T B85 B2 X AR 2R 1 23 3
RN AT 5

AW rr i O T R TP R 4T 4 R (hydroxypro-
pylmethylcellulose, HPMC ) & 5 2% 7&K %5 &, 7£0. 1
mol/ L f{J 1 IR 2% W v 73 531 im AL0. 00% 0. 02% |
0.05% ,0.08% . 0.10% ., 0.12% ( Jfi & 7 %0) W)
HPMC , {i W IR 35 7 W pH 2 7. 20, 9 51| I A%
W10 mL, 7E IR T LAZEIK S 2 LoARdE, 81 1 2 [RZG
JETHIE & A AR e B HPMC B i 11R 22 i i 1 2
FBE RIS BV B b e A0 A5 S A O 33 45 1
XF e R R B A AMER S W T 0 B, Bk,
20 WL, KP4 280 nm,

2 GRS

2.1 AF4 Sy BSARUERR 1 ML) g i iy i

i FH SV 3. 00 mL/min, 8 5] 375 2 B 2. 50
mL/min , & £5 iF (6] F0 5 P 05 6] 49 51 3.5 min Al
1.0 min, f#i [ 0. 1 mol/L AYBERRZE thifk (pH =6.8)
A B4 2 o 2 It R IR R 3k B PR TR B R
i P73 B R LR 2 R A B o 0 R R B e ) i o
VEEOEE 1 Ry Bk BRTET It , Vi 2 Sy HUR BRIk AR



SIS SN T S
- 568 - JOURNAL OF PEKING UNIVERSITY (HEALTH SCIENCES)

BEo R )
Vol.50 No.3 Jun. 2018

oA ity O B S [R] 5845 2380 = 229 164 pm
1

S O
: T

(91
T

Peak height/(mAu)

(=

(=)
)
A~
o))
o0
S
o
=

Retention time/min
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Figure 2 Asymmetrical flow field-flow fractionation fractogram of protein
standard mixture sample ( carbonic anhydrase and thyroglobulin)
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Table 3 Orthogonal design test results of lipoproteins’ separation by asymmetrical flow field-flow fractionation

No. Total flow rate Focus time Transition time pH HPMC concentration R
1 1 1 1 1 1 0.41
2 1 2 2 2 2 0.57
3 1 3 3 3 3 0.75
4 1 4 4 4 4 1.47
5 2 1 2 3 4 1.58
6 2 2 1 4 3 0.65
7 2 3 4 1 2 /
8 2 4 3 2 1 /
9 3 1 3 4 2 0.60
10 3 2 4 3 1 0.70
11 3 3 1 2 4 1.43
12 3 4 2 1 3 0.76
13 4 1 4 2 3 0.68
14 4 2 3 1 4 1.61
15 4 3 2 4 1 0.44
16 4 4 1 3 2 0.60

K, 3.20 3.27 3.09 2.78 1.55

K, 2.23 3.53 3.35 2.68 1.77

R K; 3.49 2.62 2.96 3.63 2.84

K, 3.33 2.83 2.85 3.16 6.09

R, 0.32 0.23 0.12 0.24 1.14

R, resolution; K,the sum of each factor’ s indicator values at a certain level; R, ,the range of average levels in a certain factor. HPMC, hydroxypro-

pylmethylcellulose.
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The base-line separation of high density lipoproteins and low density lipoproteins was obtained in No.5 (A) and No. 14 (B), only one peak showed in
fractograms of No. 7 (C) and No. 8 (D), others had two peaks in fractograms but failed to reach base-line separation, like No.4 (E) and No. 11
(F). Peak 1, high density lipoproteins; Peak 2, low density lipoproteins.
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Figure 3  Fractograms obtained by asymmetrical flow field-flow fractionation of standard lipoproteins in the orthogonal design test
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Table 4 Results of five factors’ One-Way ANOVA

Sources of variance Sum of squares Mean square F value P value
Total flow rate 0.058 0.058 0.27 0.85
Focus time 0.030 0.030 0.14 0.94
Transition time 0.009 0.009 0.04 0.99
pH 0.035 0.035 0.15 0.93
HPMC concentration 0.819 0.819 24.23 2.22x107°
Errors 0.009 0.009
Sum 0.962

Fyo5(3,15) = 3.29. HPMC, hydroxypropylmethylcellulose.
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Figure 4 Fractograms of standard lipoproteins ( high density lipoproteins

and low density lipoproteins) obtained by asymmetrical flow field-flow
fractionation at different viscosity levels of carrier liquids
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