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wazdnAINIsnANALLATT OD 280 1asasazanalilsiunldaslilu 0s

A o %
LW@Vlfmﬁ‘f]WN’]ﬁl?ﬂf]um&I
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3. Anwmavesrnuduturedlusiuniidenseuiunisgaduvediusiuiuuiundule
Ingofunszuiunsvzaseasazatstwines (Rinsing) InevinisAnwassaznildlusiu lng
MNTNAADINAMAILTUTENIN 1-10 mg/ml TRTAIUTNTUAINAIALHDINIITUIINAIAINL

WntuvedlusAuiisndy  Saturating Concentration  lWaufisanuiduduniaindt  Saturating

a

Concentration  USunaulusungnaadusguuiivesianneunisveasazgninuiuseuiieuiu
Jinalusiufvdesguuinvestagudnswrdnduusazads sufisduauads

4. yhnsineede 3 Tudnvaiieatu uwiddsuriavedusiiuiivhnsdneauasu
Famuannidoulueuidudy

5. ﬁm«nmaﬁuawmmaﬂﬂ'ﬁauﬁ'ﬁm'aﬂﬁzmumi@m%’waﬂﬂiauuuuﬁuﬂé’ﬂéﬁmsmﬁa
nsvUIuNsTEddheasaraesives (Rinsing) TnevhnsAnwisuiestuldeulaiidnulude
3 uay 4 Uninalusiuudazviadsgngedusguuinvesiagieunistrdazgnihinuisuiiien
futsnalusiufvdesguuinvestagmdmsnrddusosadermiuisauaundy

6. ¥nsFnugnde 5 ludhwasiioa widsumeududuSuduvedusiunouns
Pedrmunsuavsayniteulunadudy

7. UTuarinsinan1saass Tnsnaaesdmsunsnaaesiiaaiiteinnain

8. agunanisvnaes Yoy wazUssiiud1Agsingg 1eusesu

9. LWSYULAUDKNANITIVY LA UUAIPNUNLALYIINITHULNTINUAE
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BHUNTWLLEAINISNAADIVUNDUN 4 D6

\eiNuAanA OS 750 pl a3l eppendrof 1.5 m

| |

4 PBS 750 pl

3 991 NANENE vortex mixer 10 AU

Centrifuge 8000 rpm 10 3W77) ’
1 Aadaulasinuuuean 750 pi

utie 0S lalumaam 0.5 ml vaamnaz 10

andaulasuLuean 750 yl

(L2EMA9E vortex mixerNAUAAYNATI LASAILATUADUUUNRDAADIAIAT)

s vy a A gy o
1 panals 10 w i e liimenauuandu

pLENunznew OS luusaznaaninduluulaivindulimalug

| |

“dllsmunaanudindusiae 100 pl aunuaslutu 0s naudaaslissulsiien

1 panald 1 dalug e linzneauusndu

ana1sazatdulasiuuuean 100 pl ldlunaan 0.5 m dulud

| |

FARIN9ANAULELN OD 280 ludautnlafiuuuaasiaan 2 pl
wazdnAINIIANALLAIT OD 280 1evasazanslisiunldaslllu 0S

A o o
LW@WqﬂququiﬁquﬂrJﬂ

| 1

faniald 10-15 i e ldinznouuen Andsazasdulafiuuwasn 100 gl

18 PBS 100 pl quiiuaslutu 0S FaAnsgAnALLaT OD 280 ludau
naulaaaldsiulsiiasi i laduuuaeavans 2 pl
3 1

lalunaan 0.5 ml eulud

See

U
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UNM 4 Nan15739¢

Tun1svinAdTeluasesll  IudunazdeainnisAnentennuudududivedusausiagna
wiazvaluilasnunau LﬁaﬁwmmmLsi'fm'fuﬁuﬁ'waﬂﬂiamwiamﬁmmL?Jusi'faaﬂaiumilﬁaﬂm
ANULTURLEUN1saaassaly Tunisaned Ialolusiu 5 wie aantenanibiwartutiedu (T
NMINAABINSANEIMAIANNLTUBNM lvinsAnew s 4 TUshu Tagldsiulusiu Alpha

. & XA a a Aa | I I val i
Macroglobulin ~ vleflifiosannlusAuriaiidsimunann  egrelsiaulunimeaassiazldnag

Yy v oa Y a a A | a ° & vaw o @& A v %
AunduRgiuiulUsausiindu) lneneunvginnisnaaesiy nededndunazneaing
n3NImsgIU (calibration curve) vewwsiazlUsAuTuueoun Ul s uiomAgudY
dounauiIINKHaNIINAaeINinAIN1Iganaukaetansazangluusaseuly el calibration

curve vesansaratslUsAuwsazyiauanaliainaiarsuauans

d‘ U v 6 1 Y v a Y 2 ! 1
A3 1 LAASAMNENNUSYBIAIAMNLTNT UVl USAY (HAS) NUUINUNTADINIUVD LSS

protein Standard | Standard | Standard | standard
(mg/ml) ANl A39112 A3 (AV)
10.00 4.913 4.924 4.946 4.928
9.00 4.352 4.378 4.415 4.382
8.10 3.948 3.978 3.982 3.969
7.29 3.613 3.696 3.714 3.674
6.56 3.127 3.165 3.208 3.167
5.90 2.865 2.862 2.876 2.868
5.31 2.598 2.614 2.603 2.605
4.78 2.330 2.337 2.339 2.335
4.30 2.103 2.096 2.103 2.101
3.87 1.922 1.896 1.889 1.902
3.49 1.686 1.680 1.692 1.686
3.14 1.508 1.501 1.516 1.508
2.82 1.356 1.355 1.373 1.361
2.54 1.223 1.217 1.228 1.223
2.29 1.094 1.081 1.100 1.092
2.06 0.985 0.974 0.993 0.984
1.85 0.885 0.892 0.886 0.888
1.67 0.825 0.816 0.814 0.818
1.50 0.713 0.712 0.713 0.713
1.35 0.648 0.643 0.649 0.647
1.22 0.572 0.569 0.583 0.575
1.09 0.525 0.531 0.509 0.522
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1NM15199 1 @1u15010N calibration curve Tamans i 1

ASINA 1 memmﬁuﬁuéwijmms@mﬂﬁumemm'iazmaﬁummmL%’m’fmaamiazms

TUsAY HSA

Calibration Curve (HSA)

)/ y =0.4942x+ 9E-06

R?=0.9996

oD
w

1 /”
0.00 2.00 4.00 6.00 8.00 10.00 12.00

Concentration (mg/ml)

VRNt finsveaeilimiansazanslusiundanududuwnnsaiuuniinime
doumAnudNtudNmlaevin1sgadusEnInasazaneuaziuRaduan 1 Falusnawinnis
NAFRUIAAINSAANAULAAZAWINMAIANITNTUANGvedUTRWielY  (Melliidelaldom
Tumsgeduil 1 Mlualewniimsfinulineuniiudiindunaididaunavessuuunda) &9
Tunsvaaeuazlinadmisns lnereduiusnliunsshernududuradusiuly PBS Nty
VAARU ABFIIN 2 Uag 3 ArUTunuvesituii (0S) uagUSinnvesasararelusiuild auadu

o eal A = = o = v A Y
ARNANNT 4-6 AaAMIgAnduLaasEnsaratelusiundIIndnIsgaduiliig 1 9alus laens
WEIATIN 1, 2, WAz 3 AUAWU ARNALNT 7 A1ARREYRIAIN1IRANTLLENYRsETATaNY
LUshurdeanninisgaduingn 1 9l Aeduiln 8 AeeiAunduvedUsiuluaisazany
Y] o A ) o 1 o ea =] [y . .
MiaINNIPAgUNIET 1 Falus InaduinAaIneeNautn 7 Weuriu calibration curve uaglu

v ea A o = X a o = o A o
ADALUN 8 ﬂ@ﬂ']ﬂ'ﬁ@@l%UT@\ﬂUﬁ@UUUWUN? (ON) Wa\‘mqﬂﬁ\lﬂqiﬂﬂfﬁ‘U‘V]L'}aq 1 GU'JEN
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A1517 2 UaneAnIsaaduvedlusiuiiFiaautuinge fuvesansazarelusiu HSA fu OS

rotein Protein Sample rotein in rotein
([:ng /ml) OS (ul) (uh) Samplel | Sample2 | Sample3 ( A\?) psolution I;bsorb
10.00 10 100 4.166 4.413 4,445 4.341 8.784567651 1.22
9.00 10 100 3.922 3.942 3.935 3.933 7.958316471 1.04
8.10 10 100 3.519 3.513 3.528 3.520 7.12262242 0.98
7.29 10 100 3.145 3.176 3.257 3.193 6.460272494 0.83
6.56 10 100 2.845 2.892 2.869 2.869 5.804667476 0.76
5.90 10 100 2.547 2.541 2.550 2.546 5.151760421 0.75
5.31 10 100 2.300 2.311 2.302 2.304 4.66275462 0.65
4.78 10 100 2.081 2.077 2.182 2.113 4.276271415 0.51
4.30 10 100 1.858 1.859 1.857 1.858 3.759611493 0.55
3.87 10 100 1.670 1.654 1.661 1.662 3.362336436 0.51
3.49 10 100 1.504 1.489 1.476 1.490 3.014299204 0.47
3.14 10 100 1.303 1.296 1.296 1.298 2.627141508 0.51
2.82 10 100 1.156 1.214 1.168 1.179 2.386348307 0.44
2.54 10 100 1.048 1.093 1.058 1.066 2.15769594 0.38
2.29 10 100 0.940 0.933 0.943 0.939 1.899365979 0.39
2.06 10 100 0.843 0.840 0.864 0.849 1.717927964 0.34
1.85 10 100 0.756 0.773 0.769 0.766 1.549979765 0.30
1.67 10 100 0.663 0.675 0.661 0.666 1.348307028 0.32
1.50 10 100 0.583 0.588 0.587 0.586 1.185754755 0.32
1.35 10 100 0.537 0.527 0.538 0.534 1.080534197 0.27
1.22 10 100 0.483 0.479 0.483 0.482 0.974639147 0.24
1.09 10 100 0.428 0.424 0.430 0.427 0.864697154 0.23

A o w N a ! Y N ! Y Y oa oV
LN@UWT@H@IU@W?‘IQW 2 UWVYUNTIN ‘W‘U'ﬂ']ﬁ]glﬂﬂﬁqwmaqmqﬁﬁﬁqﬁqﬂjqwL?JN?JU@@JGYJVL@

FaNIINA 2
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PN U v 6 ! ! Y v a dy a o |
NN 2 WARIANUFURUSTENINAIALTNTUYBE Taz Al UTAY (HSA) UUNUNINUAIAIY

LU UALYeaTavaelUSAY

Depletion Curve (HSA)

0.6
= 0.5 . ¢ * * ¢ o
Eﬂ 0.4 ’“
03 04
2 ¢0
= 02
a

0.1

0
0.00 1.00 2.00 3.00 4.00 5.00 6.00
Initial Protein Concentration (mg/mil)

wasINHuANIaaeLuAeiuAU HSA dmsulusiuviinous neagyilnladnwes

484 Calibration Curve Wagnsmn13gaduadlusAUALEA



d‘ U v 6 1 Y v a U ) I 1
A397 3 LAASAMNENNUSVBIAIAMNLTNT UV USAY (|gG) AUUTUIUNITRDINTUUDILE

(pn:;t/i'qul) Standardl | Standard2 | Standard3 st;le/? rd
15.00 18.325 18.282 18.333 18.313
13.50 15.445 15.490 15.511 15.482
12.15 13.908 13.783 13.862 13.851
10.94 12.636 12.741 12.773 12.717
9.84 11.659 11.565 11.440 11.555
8.86 10.693 11.034 11.084 10.937
7.97 9.813 9.805 9.023 9.547
7.17 8.809 8.826 8.870 8.835
6.46 7.973 8.136 8.256 8.122
5.81 7.244 7.293 7.342 7.293
5.23 6.910 6.840 6.812 6.854
4.71 6.031 6.078 6.062 6.057
4.24 5.464 5.658 5.489 5.537
3.81 4.964 4,918 4,938 4,940
3.43 4.514 4.562 4.643 4,573
3.09 4.092 4.094 4,131 4.106
2.78 3.837 3.850 3.766 3.818
2.50 3.361 3.415 3.414 3.397
2.25 3.058 3.019 3.056 3.044
2.03 2.771 2.860 2.810 2.814
1.82 2.487 2.471 2.571 2.510
1.64 2.304 2.282 2.400 2.329
1.48 2.102 2.045 2.027 2.058
1.33 1.886 1.936 1.869 1.897
1.20 1.590 1.667 1.660 1.639
1.08 1.556 1.483 1.545 1.528
0.97 1.385 1.370 1.359 1.371
0.87 1.225 1.246 1.245 1.239
0.79 1.067 1.117 1.118 1.101
0.71 1.016 1.018 1.001 1.012

20
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AN 3 LLammmé’uﬁuﬁ‘sW’mmmﬁ@ﬁmﬁuLLawaamsaxmaﬁ’UmmmLsﬁwﬁumaamiazma

1UsAU IsG
Calibration Curve (IgG)
20
18 L 4
1o /0//
14 ,{
12 /‘/"/
Q 10 > y=1.1524x- 306
° o . 2 RZ=0.9971
) ,, /
4
2
0
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00
Concentration (mg/ml)
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A15N7 4 uansAnsaaduvedlusauiAiaaduduangeg fuvesansazarelusiu 1gG fiu OS

rotein oS Protein Sample rotein in rotein
(/) |y | uly | Samplel | Sample2 | sample3 | “GAE | POTEL Sbsorb
1500 | 10 | 100 | 15.621 | 15.613 | 16.883 | 16.039 | 13.54390837 |  1.46
1350 | 10 | 100 | 13.932 | 14.047 | 14.203 | 14.061 | 11.8272012 1.67
1215 | 10 | 100 | 12.294 | 12.473 | 12.553 | 12.440 | 10.42086081 |  1.73
1094 | 10 | 100 | 11.272 | 11.498 | 11.424 | 11.398 |9.516660882 |  1.42
9.84 | 10 | 100 | 10.505 | 10.565 | 10.653 | 10.574 |8.801920629 |  1.04
886 | 10 | 100 | 9.628 | 9.866 | 9.672 | 9.722 |8.062304755|  0.80
797 | 10 | 100 | 8779 | 8936 | 8.827 | 8.847 |7.303309036|  0.67
717 | 10 | 100 | 7.929 | 8000 | 7.916 | 7.948 |6.523197964 |  0.65
646 | 10 | 100 | 7.305 | 7.352 | 7.314 | 7.324 | 50981140808 |  0.48
581 | 10 | 100 | 6.540 | 6.600 | 6.553 | 6.564 |5.322226079 |  0.49
523 | 10 | 100 | 6.019 | 5935 | 5972 | 50975 |4.811118824|  0.42
471 | 10 | 100 | 5282 | 5332 | 5356 | 5323 |4.245343052|  0.46
424 | 10 | 100 | 4665 | 4.969 | 4.829 | 4.821 |3.809441166 |  0.43
381 | 10 | 100 | 4439 | 4400 | 4.385 | 4.408 | 3.45105866 0.36
343 | 10 | 100 | 4032 | 4081 | 4.020 | 4.044 |3.135485364 |  0.30
309 | 10 | 100 | 3.686 | 3.604 | 3.735 | 3.705 |2.841027421|  0.25
278 | 10 | 100 | 3.311 | 3271 | 3.309 | 3.97 |2.486983686 |  0.29
250 | 10 | 100 | 2.989 | 2.997 | 3.038 | 3.008 |2.236202707 |  0.27
225 | 10 | 100 | 2.690 | 2.754 | 2.802 | 2.749 |2.011165105|  0.24
203 | 10 | 100 | 2.486 | 2.506 | 2.565 | 2.519 |1.811870878|  0.21
182 | 10 | 100 | 2236 | 2263 | 2386 | 2295 |1.617493926|  0.21
164 | 10 | 100 | 2.018 | 2.079 | 2.057 | 2.051 | 1.40605114 0.24
148 | 10 | 100 | 1.824 | 1.870 | 1.826 | 1.840 | 1.222665741|  0.25
133 | 10 | 100 | 1.661 | 1.681 | 1.685 | 1.676 |1.080064792|  0.25
120 | 10 | 100 | 1.464 | 1.458 | 1.462 | 1.461 |0.894076131|  0.30
108 | 10 | 100 | 1.358 | 1.375 | 1.365 | 1.366 |0.811350226|  0.27
097 | 10 | 100 | 1.215 | 1.195 | 1.213 | 1.208 |0.673955802|  0.30
087 | 10 | 100 | 1.103 | 1.129 | 1.099 | 1.110 |0.589494389 |  0.28
079 | 10 | 100 | 0982 | 1.005 | 0.998 | 0.995 |0.489413398 |  0.30
071 | 10 | 100 | 0.874 | 0.909 | 0.874 | 0.886 |0.394538933 |  0.31




NI 4 LanIANUELNUSTEINNAIANNLITLTUTR A saraN8lUTAU (1gG) UUNURIAUAIAIM
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Depletion (mg/ml)
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A1519N 5 LEAIAMUFUNUSVRIANANULTUTUVDIUSAU (Fib) AUUSHIUNSADINIUVDILES

(pn:;t/i'qul) Standardl | Standard2 | Standard3 Sta(z(\j/? rd
15.00 10.022 10.038 10.086 10.049
13.50 9.758 9.238 10.037 9.678
12.15 8.154 8.168 8.164 8.162
10.94 7.613 7.430 7.546 7.530
9.84 6.710 6.498 6.658 6.622
8.86 6.022 6.163 6.147 6.111
7.97 5.325 5.380 5.348 5.351
7.17 4,752 4.606 4,731 4.696
6.46 4.463 4.503 4.644 4.537
5.81 3.892 4.007 3.925 3.941
5.23 3.502 3.407 3.404 3.438
4.71 3.391 3.179 3.377 3.316
4.24 2.750 2.751 2.776 2.759
3.81 2.407 2.388 2.397 2.397
3.43 2.231 2.197 2.226 2.218
3.09 2.012 1.995 2.004 2.004
2.78 1.796 1.740 1.743 1.760
2.50 1.568 1.586 1.563 1.572
2.25 1.420 1.428 1.419 1.422
2.03 1.299 1.267 1.290 1.285
1.82 1.090 1.146 1.152 1.129
1.64 1.003 1.069 1.067 1.046
1.48 0.891 0.902 0.894 0.896
1.33 0.771 0.790 0.778 0.780
1.20 0.709 0.706 0.711 0.709
1.08 0.615 0.626 0.618 0.620
0.97 0.579 0.601 0.591 0.590
0.87 0.485 0.504 0.502 0.497
0.79 0.449 0.443 0.430 0.441
0.71 0.436 0.441 0.440 0.439
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NIINT 5 UanIANUdNiuSTEnINAINTANAULERIENTarA Ui UAIA TN TUY I SAYaNY

TUsfu Fib

oD

12

10

Calibration Curve (Fib)

y =0.6944x- 2E-05
R? =0.9983

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00

Concentration (mg/ml)
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A1TNA 6 UanaAInNsaaduvaslusiunAIAaufnee fuvesansaraielUsiu Fib fu OS

rotein | OS | Protein Sample rotein in rotein
(naimb | @y |y | Samplel | Sample2 | sample3 | PARE | P bsorb
15.00 10 100 8.951 8.974 9.044 8.990 12.76579301 2.23
13.50 10 100 8.010 8.025 8.048 8.028 11.38042435 2.12
12.15 10 100 7.211 7.211 7.248 7.223 10.22211022 1.93
10.94 10 100 6.463 6.624 6.467 6.518 9.206365207 1.73
9.84 10 100 5.876 5.949 5.898 5.908 8.327428955 1.51
8.86 10 100 5.299 5.304 5.273 5.292 7.440812212 1.42
7.97 10 100 4.790 4.804 4.835 4.810 6.746207757 1.23
7.17 10 100 4,203 4.125 4,240 4,189 5.852870584 1.32
6.46 10 100 3.816 3.828 3.733 3.792 5.281153994 1.18
5.81 10 100 3.494 3.449 3.420 3.454 4.794402842 1.02
5.23 10 100 3.039 3.029 3.057 3.042 4.200124808 1.03
4.71 10 100 2.686 2.764 2.757 2.736 3.759456605 0.95
4.24 10 100 2.461 2.420 2.486 2.456 3.356230799 0.88
3.81 10 100 2.185 2.156 2.118 2.153 2.920362903 0.89
3.43 10 100 1.909 1.911 1.857 1.892 2.544978879 0.89
3.09 10 100 1.745 1.741 1.724 1.737 2.320804531 0.77
2.78 10 100 1.524 1.522 1.626 1.557 2.062548003 0.72
2.50 10 100 1.374 1.373 1.359 1.369 1.790850614 0.71
2.25 10 100 1.237 1.216 1.222 1.225 1.583957373 0.67
2.03 10 100 1.079 1.023 0.984 1.029 1.301219278 0.73
1.82 10 100 0.945 0.969 0.932 0.949 1.186011905 0.64
1.64 10 100 0.829 0.883 0.843 0.852 1.046322965 0.59
1.48 10 100 0.761 0.761 0.739 0.754 0.905193932 0.57
1.33 10 100 0.680 0.678 0.634 0.664 0.776065668 0.55
1.20 10 100 0.584 0.555 0.574 0.571 0.642137097 0.55
1.08 10 100 0.540 0.517 0.512 0.523 0.573012673 0.50
0.97 10 100 0.428 0.425 0.430 0.428 0.435723886 0.53
0.87 10 100 0.385 0.379 0.374 0.379 0.366119432 0.51
0.79 10 100 0.365 0.346 0.336 0.349 0.322436636 0.46
0.71 10 100 0.298 0.290 0.296 0.295 0.244191628 0.46
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A15199 7 WERSANNFUNUSVBIAIAMIINTUYDIUTAY (Lys) AUUSHINITdBINIUYBIULEN

(I?]:Z’;i'q?) Standardl | Standard2 | Standard3 Sta(z(\j/? rd
15.00 33.052 33.060 32.971 33.028
13.50 30.072 30.470 30.283 30.275
12.15 26.339 26.551 26.459 26.450
10.94 24.044 24.461 24.363 24.289
9.84 21.576 21.937 21.877 21.797
8.86 19.665 19.582 19.731 19.659
7.97 17.966 17.963 17.887 17.939
7.17 16.014 16.271 16.245 16.177
6.46 14.676 14.948 14.952 14.859
5.81 13.443 13.432 13.414 13.430
5.23 12.024 12.171 12.185 12.127
4.71 11.276 11.370 11.294 11.313
4.24 10.201 10.166 10.254 10.207
3.81 9.300 9.250 9.293 9.281
3.43 8.472 8.507 8.543 8.507
3.09 7.709 7.708 7.733 7.717
2.78 6.920 6.905 6.916 6.914
2.50 6.188 6.201 6.199 6.196
2.25 5.668 5.672 5.701 5.680
2.03 5.041 5.134 5.128 5.101
1.82 4.614 4.743 4.703 4.687
1.64 4.142 4.153 4.159 4.151
1.48 3.809 3.825 3.795 3.810
1.33 3.399 3.447 3.457 3.434
1.20 3.120 3.099 3.156 3.125
1.08 2.738 2.899 2.851 2.829
0.97 2.501 2.518 2.578 2.532
0.87 2.199 2.238 2.260 2.232
0.79 2.001 1.980 2.008 1.996
0.71 1.773 1.716 1.763 1.751
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NFNA 7 waneAudIRUSSEnIneAINTANGuLEUetaTara1eiuAIANUTLTUYRENTaraY

TUsAY Lys

Calibration Curve (Lys)
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PN ' ) a A Y v Y a Y]
H1999 8 LLa@\‘i?ﬂﬂ'ﬁ@@‘ﬁU%@ﬂIﬂi@umﬂqﬂj’]uL?JN?JUG]'NG] ﬂu‘uaﬂaﬁiaza’lﬂiﬂimu LyS AU OS

rotein (O Protein Sample rotein in rotein
() | ) | capy | Samplel | Sample2 | Sampie3 | iU P olution Sbsorb
15.00 10 100 30.116 30.188 30.149 30.151 | 13.60188261 1.40
13.50 10 100 26.132 26.477 26.388 26.332 11.8398548 1.66
12.15 10 100 24.247 24.378 24.716 24.447 10.9699151 1.18
10.94 10 100 22.071 22.958 22.411 22.480 | 10.06229236 0.87
9.84 10 100 19.724 19.671 20.012 19.802 | 8.826750338 1.01
8.86 10 100 17.896 18.262 18.530 18.229 | 8.100929002 0.76
7.97 10 100 16.909 16.134 16.066 16.370 | 7.242832534 0.73
7.17 10 100 15.356 14.717 16.213 15.429 | 6.808631721 0.37
6.46 10 100 13.683 13.208 13.270 13.387 | 5.866555925 0.59
5.81 10 100 12.086 12.024 12.164 12.091 | 5.268703088 0.54
5.23 10 100 11.251 11.097 11.016 11.121 | 4.821120955 0.41
4.71 10 100 10.234 10.327 10.371 10.311 4.447059185 0.26
4.24 10 100 9.432 9.357 9.207 9.332 3.995478036 0.24
3.81 10 100 8.244 8.387 8.478 8.370 3.551433493 0.26
3.43 10 100 7.520 7.547 7.575 7.547 3.171988434 0.26
3.09 10 100 6.834 6.892 6.861 6.862 2.855912391 0.23
2.78 10 100 6.232 6.267 6.243 6.247 2.57213609 0.21
2.50 10 100 5.661 5.663 5.743 5.689 2.314507198 0.19
2.25 10 100 5.067 5.135 5.095 5.099 2.042266519 0.21
2.03 10 100 4.662 4.674 4.668 4.668 1.843392396 0.18
1.82 10 100 4.212 4.207 4.219 4.213 1.633290267 0.19
1.64 10 100 3.803 3.786 3.825 3.805 1.445028916 0.20
1.48 10 100 3.434 3.445 3.438 3.439 1.276301218 0.20
1.33 10 100 3.094 3.098 3.106 3.099 1.119570567 0.21
1.20 10 100 2.766 2.786 2.811 2.788 0.975759813 0.22
1.08 10 100 2.513 2.515 2.533 2.520 0.852405562 0.22
0.97 10 100 2.292 2.290 2.296 2.293 0.747354497 0.22
0.87 10 100 2.048 2.061 2.043 2.051 0.635689676 0.24
0.79 10 100 1.838 1.861 1.840 1.846 0.541405193 0.24
0.71 10 100 1.639 1.614 1.670 1.641 0.446659284 0.26
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dl L % [ 1 1 ¥ ¥ = dy a o 1
NN 8 WARIANUFUNUSTENINAIANUTNTUYB A Taz Al UTAY (Lys) VUNURNINUATAINY

WUTUSUAUYDIENTAZA8 I USAY

Depletion Curve (Lys)
03
0.25 ¢ ¢ * *
L 4
‘E" 0.2 ¢ ¢
5 s ¢
E
c 0.15
2
=
& 01
0.05
0
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Initial Concentration (mg/ml)

Pndayalumsnuaznamissuihiiasnsameianudududuisvedusiunsasyinlans

AN5199 9

A15199 9 WARIAIAUINTUDUAIVDILUSAULAAZIUA

TUshu MW (kDa) AAandutuBu (me/ml)
Albumin (HSA) 66.3 3.21 +0.02
e 160 4.97 + 0.03
Fibrinogen (Fib) 340 3.53 + 0.01
Lysozyme (Lys) 14.3 3.54 + 0.01
Alpha Macglobulin (0-mac) 725 -
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ANNANITNAFBININANITIIAU ﬁﬂLﬂuﬁa;ﬂaiﬁQ'%ﬁmﬁaﬂﬁﬁﬂWimammsfﬂm%’m@ﬂﬂiau
| A A v & ' o XA % v = o
wiazvfiananudutulugie 0-10 meg/ml MsilillasandeansiissuunToan1izveIN sgadul
valuduiiegluanngnlusiulidudy Bus wazanndszAundum Meilidenvzanusaesuny
Usngnisainisgaduvediusiulaegnaseungulunng annisvesusiaslusiu
lummageunsgaduvedlusiunia 1 Tl ievndinanisgedu Wieuiud3unm
nsgaduvedlUsAunGesgUUNURIMATINYIIMIYEAMEanTavany PBS A3l 1 2 uag 3
o w A a ~ A =~ Py a A A & =
AINEIAU WomUsnalusiuswvgeeentiiesainmveasuasUsunavedusiunnumnionss
ONAATUBEVANTIEANTY  AgnUdnwazn1TUFsuLAeIANIdNTweslUTAUUsa iinluus

AvANUI LU lUT

317 9 uansUTunannsaduvedlusiu (HSA) uwiluia (OS) ndennudeslitinsgaduiivim
1 Falae (Uvieinl) WguivUTinuvedUsiunivaeagndinisveand asan 1 (Wi 2)

AN 2 (WS 3) WazASIN 3 (Wis 4) WeldaaududureslusAusuAun 10 mg/ml

Initial Concentration 10 mg/ml

1.20

1.00

0.80

0.60

0.40

0.20

0.00

Concentration at the surface {mg/ml)




N3N 10 wansUSunaunsgaduradlusiiu (HSA) uuinui (0S) nasanUdeslvidnisgadun

Va1 1 9l (uviein1) WeuiuUSunuvesisiuninaesgnasnisysans asam 1
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(V97 2) ASIN 2 (V9P 3) wazASIN 3 (WIeA 4) WIalYANULYIUTUVDIUTAUSUAUT

8.1 mg/ml

Concentration at surface (mg/ml)

1.10

0.90

0.70

0.50

0.30

0.10

-0.10

Initial Concentration 8.1 mg/ml

N
N
w
it

N3 11 uansUSunun1sgaduvedusiu (HSA) vuiiur (0S) naswanndaeelvidinisgadui

van 1 Pl (wiedi1) euiudsunamedisiufiviosgnaensygans asad 1

(V199 2) ASIN 2 (VST 3) ATASIN 3 (W97 4) WipldANUL NI U USAUSUAUN

1.9 mg/ml

Concentration at surface (mg/ml)

1.00

0.80

0.60

0.40

0.20

0.00

Initial Concentration 5.9 mg/ml
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N3l 12 wamsUTinan1sgaduvestusiiu (HSA) uuiuia (0S) ndsnUdesliimagadui
e 1 Falus (Wisl1) WeufuUsinameslUsiufivdeogvdanisszdna afidl 1
(wisil 2) adait 2 Wieil 3) uagadedl 3 Wisdl 4) WeldaududureslusiuEusui
3.87 mg/ml

Initial Concentration 3.87 mg/ml

0.55

0.45

0.35

0.25

0.15

0.05

Concentration at surface (mg/ml)

-0.05

N
N
w
it

N3 13 wamsUTinan1sgaduvestusiu (HSA) uuiuia (0S) ndsnUdesliimagadui
e 1 Falus (Wisl1) WeufuUsinameslusiufivdeogvdanisszdng il 1
(wisil 2) adait 2 ksl 3) uazadedl 3 Wiiedl 4) WeldamududuredlusiuEusud
2.06 mg/ml

Initial Concentration 2.06 mg/ml

0.35

0.30
0.25

0.20
0.15
0.10
0.05

Concentration at surface (mg/ml)

0.00
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A5l 14 wanaUTInuN1saaduredlusAY (HSA) vuitui (0S) mé’amﬂﬂéaﬂﬁﬁﬂfﬁ@msﬁ%ﬁ
e 1 F9lus (Wisil1) WeufuUsinameslusiufivdosgvdanisuzdna afdl 1
(Wisht 2) adsdl 2 (Wiedl 3) wavadadt 3 (wisdt 4) WeldrutiduvestusauSudud
0.98 mg/ml

Initial Concentration 0.98 mg/ml

0.20

0.15

0.10

0.05

Concentration at surface (mg/ml)

0.00

4 o D Y v o o = o A = = v @ e
wazillotnavestoyatiwiuvianunves HSA suanwensnuiadefuiaSsuiieulmiug
USunaunsgaduianasvedllsiuusnniiviimaenngnmsveinsusasassazuanaladansimi
15
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N3l 15 wamaUSeuiisuinaumsgaduiianasedlusiuuinuiuindmingnnissdau
azafaws HSA fimmududududusieg Foyayadl 1 anududuEudumiiy
10mg/ml Feyayail 2 mmduduFudumiity 8.1 me/ml feyayad 3 Amnutudy
Busuiniu 5.9 me/ml deyatedl 4 mnududuiEusuyiniu 3.87 me/ml deyatei

5 ANAUANTUSHAUYIIAY 2.06mg/ml uazdayain 6 AMUNTUSIAUMAY 0.98

mg/ml )
- 1.20 -
E
£ 1.00 - m Depletion
E 0.80 -
g - m Adsorbed Protein after
-
_E 0.60 - 1st Wash
3 I Adsorbed Protein after
£ 040 2nd Wash
=
S 020 - B Adsorbed Protein after
@ 0.
5 3rd Wash
“ 0.00
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N3N 16 wansUsuun1saaduvedlusiu (1gG) uuiui (0S) nasnUdeslvidnisgaduin
Va1 1 9l (uiein1) Weufuusinaedlusauivaeag naeinsyeats ASei 1 (Ui
2) AT 2 (Wishl 3) uwaeASan 3 (uvad 4) WisldanudintuvedlUsiusuaud 10

meg/ml

Initial Concentration 10 mg/ml

1.20

1.00

0.80

0.60

0.40

0.20

Concentration at surface (mg/ml)

0.00

o

N3N 17 wansUSunansgaduredlusiiu (1gG) uuiiuiRy (0S) ndndaselitinsgadud
vt 1 Falas (wiedi1) weuiudsunamedlusiuiiviosgnaansygans asad 1
(V97 2) ASIN 2 (V971 3) WALATIN 3 (WI9N 4) WIlYANULIUTUVBIUTAUSUAUT

8.1 mg/ml

Initial Concentration 8.10 mg/ml

0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Concentration at surface (mg/ml
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'
al

N3 18 wamsUTinan1sgaduvestusiu (Ig6) uuiiuia (0S) ndsnUdesliimagady
van 1 Falus (Wisii1) Lﬁauﬁ’uﬂ%mmaﬂﬂiauﬁm%aagiwé’amﬁsuzé’w st 1
(uvis?t 2) afadt 2 (et 3) wazadsdt 3 (uisht 4) eldmudutuveslusauEudui
5.90 mg/ml

Initial Concentration 5.90 mg/ml

0.60

0.50

0.40

0.30

0.20

0.10

Concentration at surface (mg/ml)

0.00

'
al

N3l 19 wamsUTinan1sgeduvestusiu (1g6) uuiiuia (0S) ndsnUdeslimagady
van 1 Falus (Wisii1) Lﬁauﬁ’uﬂ%mmaﬂﬂiauﬁm%aagiwé’amﬁsuzé’w st 1
(uvis?t 2) afadt 2 (et 3) wazadsdt 3 (uisht 4) WeldmudutuvesTusauEudui
3.87Tmg/ml

Initial Concentration 3.87 mg/ml

0.35

0.30

0.25

0.20

0.15
0.10
0.05

Concentration at surface (mg/ml)

0.00
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a

N3l 20 wamsUTInaN1sgRduvesTUsiu (Ig6) Uuiiuia (0S) ndsnUdeslvimagady
e 1 Falus (Wisii1) Lﬁauﬁ’uﬂ%mmaﬂﬂiauﬁmﬁaagjwé’qmisﬁzﬁw st 1
(Wis?t 2) adsdl 2 (Wiedl 3) wavadadt 3 (wisht 4) WeldruiduestusauSudud
2.06 mg/ml

Initial Concentration 2.06 mg/ml

0.25

0.20

0.15

0.10

0.05

Concentration at surface (mg/ml)

0.00
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al

N3l 21 wamsUTinan1sgeduvestusiu (Ig6) uuiiuia (0S) ndsnudesliimagady
van 1 ks (Wisii1) Lﬁauﬁ’uﬂ%mmaﬂﬂiauﬁLM%@@QM&“&ﬂﬁ%é”N st 1
(uvis?t 2) afadt 2 (uiedl 3) wazadsdt 3 (uisdt 4) WeldmudutuvesTusauEudui
0.98 mg/ml

Initial Concentration 0.98 mg/ml

0.20

0.15

0.10

0.05

Concentration at surface (mg/ml)

0.00

waylerNavestoyatRuianLAves IgG WanwnensmwinfeatuieSeudisuliiud
USunaunsgaduiianasvedusiuusnaiuimivaaingnnisyediusazasasiandlanansima
22
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N317 22 uanadIeuifigulsunansgadunanaaredlusauuTARURINGIRINgNNT YL

avASI09 1gG NAnududuisunusne (Joyayail 1 anmdudusuduwiriu
10mg/ml Yayayai 2 ANULLTUENAUYINGU 8.1 mg/ml Jayayai 3 ANNuTY
SuAuwiiu 5.9 mg/ml Yayayail 4 AnutuuEHAuYIaU 3.87 mg/ml Yayayad

5 ANAUANTUSHAUYIIAY 2.06mg/ml uazdayain 6 AAUNTULSIAUMAY 0.98

mg/ml )
= 1.20 -
£
M -
£ 1.00 - m Depletion
E 0.80
£ m Adsorbed Protein after
5
_E 0.60 - 1st Wash
g W Adsorbed Protein after
£ 0.40 1 2nd Wash
=
§ 020 - M Adsorbed Protein after
5 3rd Wash
“ 0.00
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N3N 23 waneUSunanisgaduredlusiu (Fib) uuiui (0S) wisnudeelviinisaadun
Va1 1 93l (uviein1) WeufuuTinaedlusauivaeag vaainsyeats ASei 1 (Ui
2) AT 2 (Wishl 3) uaeASan 3 (uvad 4) Wisldanudntuvedlusiusuaud 10

meg/ml

Initial Concentration 10 mg/ml

1.20

1.00

0.80

0.60

0.40

0.20

Concentration at surface (mg/ml)

0.00

a

N3l 24 wamsUTinaunsgaduvesTUsiu (Fib) vuiiufa (05) dsnUdeslitinisgady
van 1 ks (Wisii1) Lﬁauﬁ’uﬂ%mmaﬂﬂiauﬁm%aagiwé’amﬁsuzé’w st 1
(uvis?t 2) afadt 2 (et 3) wazadsdt 3 (uisht ) eldmudutuvesTusauEudui
8.10 mg/ml

Initial Concentration 8.10 mg/ml

1.20

1.00

0.80

0.60

0.40

0.20

Concentration at Surface (mg/ml)

0.00
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N3 25 wamsUTinan1sgeduvestusiu (Fib) uuiiuia (0S) ndsnUdesliimagadui
e 1 Falus (Wisl1) WeufuUsinameslUsiufivdeogvdanisszdna il 1
(wisil 2) adail 2 kel 3) uagadedl 3 Wiiedl 4) WleldaududuredlusiuEusud
5.90 mg/ml

Initial Concentration 5.9 mg/ml

1.20

1.00

0.80

0.60

0.40

0.20

Concentration at surface (mg/ml)

0.00

v a

N3l 26 wamsUTINaNIseRdUTesTUsAU (Fib) UuiLRY (0S) ndsnUdesliimanadui
e 1 Falus (Wisil1) Weufuusinameslusiufivdeogvdanisszdng sl 1
(uisil 2) adait 2 ksl 3) uazadedl 3 Wisdl 9) WleldamududuredlusiuEusud
3.87 mg/ml

Initial Concentration 3.87 mg/ml

1.00

0.80

0.60

0.40

0.20

Concentration at surface (mg/ml)

0.00
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N3 27 wamsUTinansgaduvestusiiu (Fib) vuiiuia (0S) ndsanUdesliimagadui
e 1 Falus (Wisl1) WeufuUsinameslUsiufivdeogvdanisszdna il 1
(wisil 2) adail 2 kel 3) uagadedl 3 Wiiedl 4) WleldaududuredlusiuEusud
2.06 mg/ml

Initial Concentration 2.06 mg/ml

0.70

0.60

0.50
0.40
0.30
0.20
0.10

Concentration at surface (mg/ml)

0.00

a

N3l 28 wamsUInNsgduvesTUsiu (Fib) vuiiufa (05) dsmnUdeslitinisgadu
e 1 dalus (Wisil1) WeufuusinameslUsiufivdeogvdanisszdng il 1
(uieil 2) adail 2 ksl 3) uagadedl 3 Wisdl 9) WleldaududureslusiuEusud
0.98 mg/ml

Initial Concentration 0.98 mg/ml

0.50

0.40

0.30

0.20

0.10

Concentration at surface (mg/ml)

0.00
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A o v Yy v W . Y o o oA = a Y & =
wazillothnavestoyadiwuvianunves Fib suanssiensmwiaietfiurelUTeuiisulviiug
YSunaunsgaduianasvedllsiuusnaiiviimaengnmsteinsusiasassazuanaladansimi
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N3l 29 wamaUSeuiisuiinamsgeduiianasmedlusiuuinuiuRmdmingnnisssdau
azasawes Fib fiududududusing Foyayadl 1 anududuFuduriiy
10mg/ml Feyayail 2 mnmududuFudumiity 8.1 me/ml feyayad 3 Amnutudu
Bususiniu 5.9 me/ml deyaedl 4 amnudnduisusuyiniu 3.87 me/ml deyayei

5 ANUANTUSHAUYIIAY 2.06mg/ml uazdoyain 6 AMUNTULSIAUMAY 0.98

mg/ml )
Fib

=120 «
E
EJ 1.00 1 ® Depletion
E 0.80
£ m Adsorbed Protein after
5
_E 0.60 - 1st Wash
E 1 Adsorbed Protein after
£ 040 - 2nd Wash
=
g 020 - W Adsorbed Protein after
= 3rd Wash
S

0.00




N3N 30 waneUSunaun1sgaduvedlusiu (Lys) uuiiuin (0S) ndsanydaeelvisinisaadu

Va1 1 9l (uviein1) WeuiuUSunuvesisiuninaesgnasnisysans asam 1

a

46

(V97 2) ASIN 2 (V9P 3) wazASIN 3 (WIeh 4) WIalYANULTUTUVDIUTAUSUAUT

10mg/ml

Concentration at surface (mg/ml)

1.00

0.80

0.60

0.40

0.20

0.00

Initial Concentration 10 mg/ml

N3N 31 waneUSunan1sgaduvedlusiu (Lys) uuiiui (0S) nadsanydaeelvisinisaadu

van 1 93l (uviein1) WieuiuuSinuvedlusiuindesgnasnisyeans asam 1

a

(L1991 2) ASIN 2 (W97 3) ATASIN 3 (W97 4) WialEAmINUL NI UYL USAWSUAUN
8.10 mg/ml

Concentration at surface (mg/ml)

1.00

0.80

0.60

0.40

0.20

0.00

Initial Concentration 8.1 mg/ml




47

a

N3l 32 wamsUTinansgaduvesTusiu (Lys) uuitui (0S) ndsnudesliiimagady
e 1 Falus (Wisl1) WeufuUsinameslUsiufivdeogvdanisszdna afidl 1
(wisil 2) adait 2 Wieil 3) uagadedl 3 Wisdl 4) WeldaududureslusiuEusui
5.90mg/ml

Initial Concentration 5.9 mg/ml

1.00

0.80

0.60

0.40

0.20

, W 5

1 2 3 4

Concentration at surface (mg/ml)

=

N3l 33 wamsUTinansgeduvesTusiu (Lys) uuitui (0S) ndsnudesliiimagady
e 1 Falus (Wisil1) WeufuusinameslUsiufivdeogvdanisszdna il 1
(uieil 2) adail 2 kel 3) uagadedl 3 Wisdl 9) WleldaududureslusiuEusud
3.87mg/ml

Initial Concentration 3.87 mg/ml

0.30

0.25

0.20

0.15

0.10

0.05

Concentration at surface (mg/ml)

0.00
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a

N3l 34 wamsUTInaNsgeduvesTUsiu (Lys) uuitui (0S) ndsnudesliimagady
e 1 Falus (Wisl1) WeufuUsinameslUsiufivdeogvdanisszdna afidl 1
(wisil 2) adait 2 Wieil 3) uagadedl 3 Wisdl 4) WeldaududureslusiuEusui
2.06 mg/ml

Initial Concentration 2.06 mg/ml

0.20

0.15

0.10

0.05

Concentration at surface (mg/ml)

0.00

=

N3l 35 wamsUTinansgaduvesTUsiu (Lys) uuitui (0S) ndsnudesliiimagady
e 1 Falus (Wisl1) WeufuUsinameslusiufivdeogvdanisszdng il 1
(wisil 2) adait 2 ksl 3) uazadedl 3 Wiiedl 4) WeldamududuredlusiuEusud
0.98 mg/ml

Initial Concentration 0.98 mg/ml

0.15
0.13 /

0.11

0.09

0.07

0.05

0.03

0.01

Concentration at surface (mg/ml)

-0.01 1 5
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A o v Yy v o v A o A = ~ DG
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N3l 36 wamaUSeuiisuinamsgaduiianasmedlusiuuinuiuRndmingnnissednau
azafawes Lys AmnududuSusuingg deyayad 1 mnududududumindy
10mg/ml Feyayail 2 mnududuFudumiity 8.1 me/ml feyayad 3 Amnutudu
Bususiniu 5.9 me/ml deyayedl 4 amnududuiEusuyiniu 3.87 me/ml deyayei

5 ANUANTUSHAUYIIAY 2.06mg/ml uazdayain 6 AMUNTULSIAUMAY 0.98

mg/ml )
Lys

= 100
th'i 0.90 - )
E 030 - B Depletion
§ 0.70 -
"E 060 - B Adsorbed Protein after
3 1st Wash
_'t__'-: 0.50 -
c 0.40 - ® Adsorbed Protein after
E 0.30 - 2nd Wash
..E 0.20 - B Adsorbed Protein after
@ 0.10 - 3rd Wash
5 0.00
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N3 37 wansUSunaun1sgaduvedusiy (0-mac) uuiuiy (0S) nasnUdeslniinsgadui

van 1 9alus (uviein1) WeuiuUSinuveslsiumnaesgnasnsyeas asam 1

(V97 2) ASIN 2 (V971 3) WaLATIN 3 (W97 4) WIlYANULINTUTBIUTAUSUAUT

10mg/ml

oncentration at surface {(mg/ml)

1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

Initial Concentration 10 mg/ml

N3 38 uaneUSunun1sgatuvedlusiu (0-mac) vuiuiy (0S) nasnUdeslniinsgadud

van 1 Falas (wiedi1) wsuiudsunamedlusiuiiviosgnaensygans asad 1

(LVI991 2) ASIN 2 (VST 3) ATASIN 3 (W97 4) WialdAmNUL NI U USAUSUAUN
8.10 mg/ml

Concentration at surface (mg/ml)

0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Initial Concentration 8.10 mg/ml
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N3N 39 wansUSunun1sgaduvedlusiy (0-mac) vuiuiy (0S) nasnUdeslniinsgadud

van 1 9alus (uviein1) WeuiuUSinuveslsiumnaesgnasnsyeas asam 1

(V97 2) ASIN 2 (V97 3) WaLATIN 3 (W97 4) WIlYANULINTUVBIUTAUSUAUT
5.90mg/ml

Concentration at surface (mg/m)

0.80
0.70
0.60
0.50
0.40
0.30
0.20

o1 ay &

0.00

Initial Concentraion 5.90 mg/ml

1 2 3 4

N3N 40 waneUSunan1sgaduredlusiu (0-mac) Uuiuiy (0S) ndsandaselidinsgadud

van 1 93l (uviein1) WieuiuuSinuveslusiuiindesgnasnisyeas asam 1

(V1991 2) ASIN 2 (WVIST1 3) ATASIN 3 (W97 4) WiBldAmNULTNTUYDI USRS UAUN
3.87mg/ml

Concentration at surface (mg/ml)

0.30

0.25

0.20

0.15

0.10

0.05

0.00

Initial Concentration 3.87 mg/ml
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A5l 41 wansUanansaaduredlusiu (O-mac) vuituia (0S) ué’ammﬂdaa’tﬁﬁmi@m%’uﬁ
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Comparison of protein mass-adsorption-rates to rates-of-change in interfacial tensions reveals that mass
adsorption is decoupled from interfacial energetics. This implies that energy-barrier theories describing
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require significantly longer than that adsorbed from single-protein solution and may require expulsion
of initially adsorbed protein which is not observed in the single-protein case.
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1. Introduction

One of the more interesting and important outcomes of recent
research into protein-adsorption kinetics is that the rate-of-
mass-adsorption is significantly faster than the rate-of-change in
interfacial energetics [1]. This finding alerts us that the conven-
tional understanding of adsorption kinetics could be significantly in
error as applied to large molecules such as proteins. Furthermore,
this new knowledge could revolutionize the way those involved
in biomaterials surface science conceive of the protein-adsorption
process that is so fundamental to understanding mechanisms of
biocompatibility [2].

It is evident from the literature that we have changed our think-
ing about the fundamental aspects adsorption kinetics a number of
times [3]. In the early 1900s it was thought that adsorption kinet-
ics was diffusion controlled [4]. Later, it was shown that diffusion
was far too fast to limit mass transport and control the observed
slow rates-of-change in the interfacial tension of surfactant solu-
tions [5,6]. By the late 1980s, various kinetic theories positing
an energy barrier to adsorption came forward [7-10], explaining
that diffusion toward a freshly created interface was indeed fast
but that the rate at which solute crossed from an imaginary sub-
surface region into the interface was slow, accounting for slow
change ininterfacial energetics. Perhaps the most advanced version
of these energy-barrier theories is that of Varoqui and Pefferkorn

* Corresponding author. Tel.: +66 25494186/+66 814206611; fax: +66 25494187.
E-mail addresses: naris.bt@gmail.com (N. Barnthip), eav3@psu.edu (E.A. Vogler).

0169-4332/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.apsusc.2011.12.014

[10] who combined Fick’s law with the notion of a semi-reflecting
energy barrier. A reflecting plane was envisioned to reside below
the authentic interface that increasingly retarded passage of solute
into the interface as it became increasingly populated with solute
molecules diffusing in from bulk solution against a concentration
gradient. In this way, concentration-dependent adsorption kinetics
was accommodated by phenomenological rate equations.

Thus the basic paradigm of adsorption arising from energy-
barrier theories is that of interfacial tension changing as a function
of time as solute adsorbs to the interface as a function of time. In
sharp contrast, recent work by Clark et al. using a modified reso-
nant microbalance method [1] experimentally demonstrates that
proteins arrive at the interface quickly relative to slower change in
interfacial tensions. It is apparent that another change in the way
we think about protein-adsorption kinetics is required. Although
change in paradigm is sometimes disconcerting, a new approach
to adsorption kinetics relieves us of certain conceptual difficulties
about the surface region that accompany energy-barrier theories.
Notably in this latter regard, it is not clear why a semi-reflecting
plane and an interfacial plane do not together constitute an inter-
phase similar to that employed by Gibbs [11] and Guggenheim [12]
in development of surface thermodynamics. And it is not clear why
molecules collected at a semi-reflecting plane do not qualify as
adsorbed from solution and do not contribute to decay in interfacial
tensions.

The fundamental equilibrium adsorption equation for a two
component system consisting of solvent “1” and solute (pro-
tein) “2” according to either Gibbs or Guggenheim [13] states
that dy=—[I", —(ng2/ng1)I"1]d,, where y is interfacial tension

doi:10.1016/j.apsusc.2011.12.014
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(ergs/cm? =m]J/m?), I" = (n;/A) measures the number of moles of 1
or 2 within the interphase n; per-unit-area (moles/cm?2), and np is
the mole number within bulk solution. The subscripts B and I track
bulk solution and interphase, respectively. Evidentially, change
in y is an explicit function of solute chemical potential u,, not
absolute adsorbed mass per se. That is to say, interfacial tension
tracks solute concentration within the interphase. In fact, there
are three ways interphase concentration can increase: (i) total
adsorbed mass within a fixed interphase volume can increase, (ii)
the interphase volume containing a fixed total adsorbed mass can
decrease, or (iii) both (i) and (ii) can simultaneously occur. Option
(i) is effectively the old paradigm of adsorption kinetics: mass
slowly accumulates at the interface (a pseudo-two-dimensional
region with fixed volume) and causes decrease in interfacial ten-
sions. Option (ii) is consistent with the new finding that mass
adsorption is much faster than change in interfacial tension because
it does not insist that mass-adsorption rates are directly cou-
pled to rates-of-change in interfacial tensions. Rather, option (ii)
allows for rapid accumulation of protein mass and subsequent
concentration of this mass in a decreasing interphase volume.
And of course option (iii) is not viable if option (i) does not
occur.

An alternative paradigm of protein adsorption arising from
these considerations is that of protein rapidly diffusing into an
inflating interphase volume which subsequently slowly decreases
in volume, increasing interphase protein concentration and con-
comitantly causing decrease in interfacial tensions [3,14]. Herein
we test this idea using an electrophoretic implementation of
the venerable solution-depletion method of measuring adsorption
[15-18]. Use of electrophoresis as a multiplexing separation and
quantification tool permitted us to measure kinetics of adsorption
from single- and binary-protein solutions to the same hydropho-
bic adsorbent surface. Results are completely consistent with this
alternative paradigm, leading us to conclude that the initial rate
of protein adsorption is indeed diffusion controlled but that the
final concentration of protein within the interphase is controlled
by slow reorganization of the interphase region. Reorganization
of the interphase region has profound consequences in the case
when two proteins participate in adsorption competition to the
same adsorbent surface.

2. Materials and methods

Both materials and methods applied in this work have been
extensively described elsewhere [3,14-18]. Briefly for the pur-
poses of this report, adsorption of five different proteins were
studied singly and in pairs at different solution concentrations
[3,14]: ubiquitin (Ub), 10.7 kDa; human serum albumin (HSA),
66.3 kDa; prothrombin (FII), 72 kDa; human immunoglobulin type
G (IgG), 160 kDa; and fibrinogen (Fib), 341 kDa. These proteins were
selected to provide a broad range in size. Proteins were prepared in
phosphate buffer saline solution (PBS, at pH 7.4 prepared from pow-
derasreceived from Sigmain 18 m£2 distilled/deionized water from
a Millipore Simplicity ion-exchange unit). Both hydrophobic octyl
sepharose (0S, Octyl Sepharose Fast Flow Adsorbent, Amersham
Biosciences) and hydrophobic glass particles (Sigma) silanized with
octadecyltricholorosilane (OTS, Sigma) were used as adsorbents
and found to give essentially identical results. SDS-PAGE elec-
trophoresis was carried out using 26 lane NuPage Novex tris-aceate
precast gels (Invitrogen) stained with SimplyBlue Safestain (Invit-
rogen) according to manufacturer’s directions. Band intensity was
read on a Gel-doc system (Bio-Rad Labs). A standard curve was
prepared for each protein and each gel using the first 6-8 lanes by
applying solutions of known concentration of each probe protein.
Linear calibration curves were obtained within the concentration

range of interest that permitted estimation of unknown protein
concentrations.

Computational and statistical methods have been well
described in refs. [3,14-18]. Again briefly for the purposes of this
report, solution depletion D; = (ng — Wp,) in mg/mL bulk solution

was the experimental parameter, where Wg_ is the initial protein

concentration before contact with adsorbent e[md W, is the solution
concentration measured at time ¢, both in mg/mL. The subscript i
tracks protein identity and used to differentiate from a second pro-
tein j used in binary-protein-adsorption studies. Binary mixtures
were differentiated from single mixtures using ani,j subscript asin,
for example, (Wg )i’ i referring to the total binary-protein concentra-
tion prepared by combining proteiniand proteinj in a mixture. The
absolute adsorbed mass m; =D;Vp in mg, where the bulk solution
volume V=30 L in this work.

3. Results
3.1. Adsorption isotherms by solution depletion

The solution depletion has been used to collect adsorption
isotherms of many different proteins and protein mixtures for
many different surface types embracing a wide range of sur-
face chemistries and water wetting characteristics [3,14-21].
Results obtained are consistent with that obtained by tensiometry
[22-27]and quartz-crystal microbalance (QCM) [21]. These adsorp-
tion isotherms approximate a Henry isotherm wherein adsorbed
amount is in direct proportion to solution concentration ng up
to a maximum solution depletion (D;)™3* obtained at a particu-
lar solution concentration (ng )max at which the adsorbent surface

area is saturated with protein. We have implemented the solution
depletion method using spectroscopy [19,20] for single-protein
solutions or electrophoresis for single- or binary-protein solutions
[3,14-18].

The solution depletion method of measuring adsorption from
binary-protein solution is complicated by the fact that there are
two broad categories of adsorption competition falling into 5 sep-
arate cases that can be studied [14]. The first category consists of a
single experimental situation termed Case 1 in which total binary-
mixture concentration is insufficient to saturate the adsorbent
surface. The second category consists of four different experimen-
tal situations termed Cases 2-5 in which the total-mixed-solution
concentration is sufficient to saturate the adsorbent surface that
can be obtained by combining i, j proteins at different concentra-
tions relative to that required to saturate the adsorbent surface area
with either pure i or pure j. Case 5 differed from surface-saturating
Cases 2-4 in that both competing proteins were mixed at solution
concentrations well in excess of the amount needed to saturate
available adsorbent. At least one of the competing proteins was
at under-saturating solution concentration in Cases 2-4. We have
extensively tested each of these conditions with proteins listed in
Section 2 [14] but disclose results herein for Case 5 for i=FII and
Jj=Fib which has not been illustrated previously.

3.2. Adsorption from single-protein solution

Fig. 1 collects adsorption kinetics measured by the solution-
depletion method for HSA adsorbing to hydrophobic OS adsorbent
at five different initial solution concentrations ng (3.9,3.2,2.4,1.6,
and 0.8 mg/mL) corresponding to the five solution-depletion levels
indicated by right-hand annotations running from top-to-bottom
of Fig. 1, respectively. There was no detectable adsorption kinetics
over the 5-90 min timeframe studied for any of the solution con-
centrations. Similar results were obtained for the other proteins

doi:10.1016/j.apsusc.2011.12.014

Please cite this article in press as: N. Barnthip, E.A. Vogler, Protein adsorption kinetics from single- and binary-solution, Appl. Surf. Sci. (2011),



dx.doi.org/10.1016/j.apsusc.2011.12.014

G Model
APSUSC-22820; No.of Pages5

N. Barnthip, E.A. Vogler / Applied Surface Science xxx (2011) xxx—-xxx 3
2.5 3 (D™ Fib === ===
inflecion line
Po3 ., YEF 4F
2.04 i =1 2 I = } 2.01£0.43 mg/ml 3.04 i
L [
et gt e trting ==
= 24 1.75 £0.25 mg/m ~ L
£ 1 1 € | 5
> SRR I ITT ) 1
g 1.5+ \g 5 T
C £ N
2 =37 1y E i T ¥4 1 i L1 i e 1.18 £0.26 mg/ml S gt (D,"“\)Fnr———l —————————————————————— _— e e SR S -1 RS
@ Iii %§§ §§§ Y 2 204 (D)
i S e g 5 T3 0.96 £0.15 mg/mi 2 1 T o
8 : |
0 154 E (D),
0.5—??11511![1§.r1111l 0.44 £0.11 mg/ml ‘I( E
1.0 4
0.0 T T T T T
0 1000 2000 3000 4000 5000 6000
Time (seconds) 05 ! ! !
0 20 40 60 80 100

Fig. 1. Mass-adsorption kinetics of human serum albumin (HSA) adsorbing to
hydrophobic octyl sepharose adsorbent particles. Similar adsorption kinetics were
observed for hydrophobized glass particles. The ordinate plots amount of HSA
adsorbed as the depletion D; = (ng — Wpg,) in mg/mL bulk, where Wg[ is the ini-
tial protein concentration before contact with adsorbent and Wj, is the solution
concentration measured at time t, both in mg/mL. The subscript i tracks protein
identity and used to differentiate from a second protein j used in binary-protein-
adsorption studies (see Fig. 2). D; listed on the right-hand axis correspond to five
different initial solution concentrations ng (3.9,3.2,24, 1.6, and 0.8 mg/mL read-

ing top-to-bottom), respectively, with listeé error representing mean and standard
deviation of the individual time points. Lines through the data represent mean solu-
tion depletion. Error bars are calculated from calibration curves used to translate
electrophoresis-band intensity to solution concentrations.

mentioned in Section 2 (not shown) [3,14]. These kinetics were
compared to slow change in interfacial energetics of adsorption to
either the hydrophobic buffer-air (liquid-vapor, Iv) or hydrophobic
solid-liquid (sl) interfaces lasting between 30 and 60 min observed
using time- and concentration-dependent interfacial tensions and
contact angles for these same proteins at similar concentrations
[22-27].

3.3. Adsorption from binary-protein solution

Fig. 2 compiles adsorption kinetics observed with two pro-
teins (i=FII, closed circles, Wg, = 6mg/mL; j=Fib, open circles,

Wg, = 7mg/mL) competing from the solution for the same adsor-
1

bent surface under Case 5 conditions specified in Section 2 with
both i, j proteins mixed in binary-solution at concentrations in
excess of that required to saturate the adsorbent surface indicated
by dashed horizontal lines annotated either (D***)FII or (D% )Fib.
A pseudo-steady-state 1 was observed which was followed by a
slow transition to a final state 2, with an inflection half-time of
60 min.

It was observed that less Fib was adsorbed from the binary mix-
ture in State 1 than was adsorbed from single-protein solution
under identical conditions (vertical arrow pointing downward from
the (D;“ax) dashed line lines on the left side of the vertical inflection
line). By contrast more FIl was adsorbed from the binary mixture in
State 1 than was absorbed from single-protein solution under iden-
tical conditions (vertical arrow pointing upward from the (D]?"ax )FII
dashed line lines on the left side of the vertical inflection line).
In the State 1 — State 2 transition, initially adsorbed mass of both
Fib and FII was desorbed from the adsorbent surface as indicated
by decreasing solution depletion (increasing bulk solution concen-
tration). Less of both Fib and FII were adsorbed from the binary
mixture in State 2 than absorbed from single-protein solutions
under identical conditions (vertical arrows pointing downward
from the (D;“ax)Fib and (D;“aX)FII dashed lines on the right side of
the vertical inflection line).

Time (minutes)

Fig. 2. Adsorption competition between prothrombin (FII) and human fibrinogen
(Fib) for the same hydrophobic octyl sepharose adsorbent under Case 5 adsorption
condition (Section 2) in which both FIl and Fib are at solution concentrations capable
of individually and collectively saturating the adsorbent surface. Similar adsorption
kinetics were observed for hydrophobized glass particles. Two adsorption regimes
were observed: a supersaturated State 1 over the time range 5 < t < 60 min followed
by a final State 2 over the time range 70 <t <90 min with a transition centered
at 60 min lasting for about 20 min. Horizontal dashed lines indicate the solution
depletions (Df“”‘)Flland(D?“") obtained from single-protein solution at the same
concentration used in the adsorption-competition experiment. Notice that more
FII was adsorbed in State 1 from binary-protein solution than from single-protein
solution whereas less Fib was adsorbed in State 1 from binary-protein solution than
from single-protein solution. Transition to State 2 involved expulsion of both FIl and
Fib initially adsorbed in State 1.

4. Discussion
4.1. Adsorption from single-protein solutions

It has been well established from tensiometric studies that
interfacial tensions and contact angles of protein solutions slowly
decrease with time (see, as examples, refs. [22-29] and citations
therein). Kinetics for larger proteins are observed to be slower than
for smaller proteins. Drops of protein solution held either pendant
on a needle or placed on an adsorbent surface are usually stagnant,
except in the first moments of creation of the interface, so that
mass transfer is not affected by stirring. Accordingly, slow change
in interfacial tensions and contact angles in the hour timeframe
have been interpreted to be due to slow arrival at, and adsorption
to, the interface (either liquid-vapor or solid-liquid; see further
Section 1).

Adsorption studies carried out by solution-depletion can mimic
conditions employed in tensiometry by mixing protein solutions
with adsorbent, leaving adsorbent and solution unmixed there-
after. Except for the initial mixing in the first few moments of the
experiment, mass transfer is unassisted by mixing. Alternatively,
the solution-depletion experiment can be performed with continu-
ous mixing. In either event, mixed or not mixed, no mass adsorption
kinetics can be detected within the 5 < t <90 min timeframe acces-
sible to solution depletion as implemented in our experimental
program [3,15-18] for adsorption from single-protein solution. Sta-
tistically flat kinetics are obtained for a wide range of proteins and
different hydrophobic adsorbents, like that shown in Fig. 1.

Quite evidentially, factors influencing rates-of-change in inter-
facial energetics are not the same as those influencing mass
adsorption. Mass adsorption is prompt whereas change in inter-
facial tensions and contact angles is far slower under similar
experimental conditions. This observation is entirely consistent
with those by made Clark et al. mentioned in Section 1 using a
third kind of experimental technique. Collectively, these observa-
tions are inconsistent with the adsorption paradigm evolved from
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energy-barrier theories that attempt to reconcile fast diffusion with
slow change in interfacial tensions. A new adsorption paradigm
in which protein diffuses into an inflating interface which subse-
quently slowly shrinks in volume is consistent with the observed
decoupling of mass adsorption and change in interfacial energet-
ics. A slowly shrinking interphase captures adsorbed protein in a
decreasing volume which increases interphase concentrations and
causes concomitant change in interfacial energetics, as anticipated
by the standard adsorption equation mentioned in Section 1.

4.2. Adsorption from binary-protein solution

Measurement of adsorption of two-or-more proteins to the
same adsorbent surface by tensiometry is not generally possible
[28] but can be achieved using the solution-depletion method
implemented with electrophoresis as a separation and quantifi-
cation tool [14,17]. This work is tedious because at least two
categories of relative protein concentration consisting of five dif-
ferent cases must be studied to obtain a comprehensive picture
[14]. The first category embraces all combinations of i, j proteins
that neither separately nor collectively saturate the adsorbent sur-
face. The second category embraces combinations that separately
or collectively saturate the adsorbent surface. Among the four cases
comprising this second category, the case when either-and-both
i, j proteins saturate the adsorbent surface is perhaps the most
interesting and informative about the protein-adsorption process.

Fig. 2 shows that two pseudo-steady state adsorption regimes
are obtained. The State 1 interphase is super-saturated with protein
relative to the final State 2 obtained within 90 min. State 1 is unsta-
ble and slowly decays to a State 2 by expelling initially adsorbed
protein. Interestingly, more FII is adsorbed from binary solution in
State 1 than adsorbed from single-protein solution and less Fib is
adsorbed than from single-protein solution. Less of both proteins
is adsorbed in State 2. The transition between State 1 and State 2 is
slow, lasting for more than 20 min.

Interestingly, unlike results obtained with single-protein solu-
tion discussed in Section 4.1, continuous mixing binary solution
with adsorbent strongly affects adsorption outcomes (not shown)
[14]. We find that mixing prevents or significantly delays the
transition between State 1 and State 2, apparently favoring the
super-saturated State 1. We infer from this observation that protein
adsorbed in the State 2 interphase is a more organized collection
of proteins than State 1 and that mixing prevents or delays estab-
lishment of organized adsorbed protein layer(s).

In this latter regard, it has been shown that a relatively
straightforward sphere-packing model of protein adsorbed from
single-protein solution predicts measurements by both solution
depletion and QCM with almost analytical accuracy [21]. Proteins
adsorb into one or two layers depending on size, with larger pro-
teins requiring two square-or-hexagonally packed layers. This in
mind, we speculate that proteins of a single size can promptly
organize into the interphase and concentrate within that inter-
phase by expulsion of interphase water but not adsorbed protein,
leading to the flat kinetics observed in Fig. 1. By contrast, find-
ing the most efficient packing of two dissimilar proteins requires
time and the expulsion of initially adsorbed protein, leading to the
two-adsorption states observed in Fig. 2.

4.3. Implications for biomaterials surface science

The overall paradigm of protein adsorption from multiple-
protein solutions evolving from this work is that of individual
proteins diffusing into an inflating interphase against individual (as
opposed to collective) concentration gradients. The interphase can
over fill very rapidly from concentrated (mg/mL) protein solutions
relative to a final steady-state and can remain in this overfilled

condition under conditions of flow, apparently indefinitely.
Adsorption specificity from binary protein solution appears
to be related to relative diffusion rates and concentra-
tions. In fact, adsorption specificity predicted by the classical
Stokes-Einstein-Sutherland (SES) equation varies systematically
from experimental measurements [14], suggesting that a modified
SES equation taking into account changes in diffusivity due to
crowding within the interphase could predict protein-adsorption
specificity, although this yet remains to be demonstrated.

This new paradigm is quite different than the popular concept of
selective protein adsorption due to differential adsorption affinities
of different proteins for a particular adsorbent surface. However,
it is important to stress that this work is restricted to the first
hours of contact of an adsorbent with relatively simple solutions
of one or two purified proteins containing no other entities such as
biological cells. Extrapolation to long term adsorbent contact with
complex biological milieu such as occurs in clinical applications of
biomaterials or civil-engineering applications of materials in the
environment should be made with great caution.

5. Conclusions

The experimental observation that mass-adsorption kinetics
are decoupled from rates-of-change in interfacial tensions implies
that energy-barrier theories are inadequate to describe protein-
adsorption kinetics. An alternative paradigm in which protein
molecules rapidly diffuse into an inflating interphase which subse-
quently slowly shrinks in volume concentrating adsorbed protein
and causing slow concomitant decrease in interfacial tensions is
consistent with adsorption kinetics measured by solution depletion
and tensiometry. Mass adsorption kinetics observed from binary-
protein solution is much more complex than from single-protein
solution but can be explained with the same basic adsorption
paradigm. The primary difference between adsorption from single-
and binary-protein solutions is that the organization of two differ-
ent sized proteins within the interphase can require significantly
longer and may require expulsion of initially adsorbed protein.
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