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H) REWOE) 

Character!aati°n of the regulatory factors involved in man's 
adaptation to his envi ronraent inust be preceded by the rapid and 
non-dénaturant separation of these moieties f:x>m various body 
tissues and fluids. Accordingly, part of our laboratory effort 
has been devoted to the development of nev procedural techaiques 
vhich involve minimal changes to these compounds during isolation. 

JÍ1® f6?01* reP^8ents a summary of membrane ultrafiltration 
methods vhich vere developed to fulfill the aforementioi ed criteria, 
as veil as their application to the general field of protein chemistry. 

MILTON MAGER 
Director 
Biochemistry and Pharmacology Laboratory 

APPROVED: 

JAMES E. HANSEN, Ool., MC 
Commander & Scientific-Technical Director 
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ABgmCT 

PrafoxiMd ttltmaflltmtioii anabicotts, with aoleeular might 
exclu*!or Malt* vaiylng fix* 1,000-100,000, are uaiouel^ suited 
for pjwparstim methods in protein chenistxy. fee ^plicatien* 
include aoa-fenaturlng protein concentration, rapid dialysis, 
Mero «oíate binding, Halted purification, and fractionation of 
coaplex Küdsœe*. in the latter procedures, selective ultrafil- 
tratlon obviates the use of omsbersaes electrophoretic aethods, or 
initial coluan diroB»tography* Increases in the separation rate, 
a* eell aa the total quaatity of aaterlal fractionated, can be 
obtained Inereaalng the exchangeable surfam of tha filter. 
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mE APPLICATION OP SELECTIVE ULTRAFILTRATION 

TO PROTEIN CHEKESTRY 

INTRODUCTION 

11 ^ °£ h ^ nux prefomed ultrafiltration 
m nib ranea, serving as di ' .• isive barriers to the transport of macro- 

eS' sakes ^luely suited for applications in 
^er6 rapid non-denaturing techniques aie desirable, 

Although a number of membranes have been examined at this laboratory 

St^ííítí3fl8lS®,re,Ults ^ ^ ^ ^ o^talMd using Wsflo 
HyfPDU8 eelsi representing the complex interaction 

^POlyanl0aS Bnd polyc'*1'lons (1)^ are to synthesize 
membranas of compact structura with high solute retention. In this 

H tto0U6h th® ty molecular dif- 
than the hydraulic pore flow observed with conventional 

yyí ' ,A dia8raamatic representation of the differences in 

°f ^1070 ione throu^ Dlaflo membranes, 
contrasted with passage in pore-limited ultrafilters (regenerated 

yylîy1?8? ViBklne tubing) is shown in Pig. 1. Ttie pore clogging, 
e***Vn conventional ultrafilters (lig. 1, right) is 

expanded to attain higher orders c«’ selectivity, it was necessary 
to resort to pored structures as a partitioning device. 

innn_T wlth molecular weight exclusion limits of 
1000-100,000 hare been prepared. Some of their potential applica- 

aBra °f the retentive capacity, are illustrated in 
r*: ^frder of increasing exclusion, the uses cited range f^m 
techniques for rapid dialysis with compacted structure membranes 
hrou^i methods for the fractionation of complex protein mixtures 

employing urtre,ilters of more erpanded composition. The order of 
presentation, varied to peimit a more logical development of the 

5oÎ28rïf^r .TOn!Jide^on' 18 88 tollom: (l) protein concentra- (V 80lute blading, (4) proteolysis, 
(5) limited fractionation, (6) fractionation of complex mixtures, 
and (7) immunechemlca! applications. Although a number of these 

!en prevl03lBly presented in detail (2-5), their unique 

0f protein 

Ami con Corporation, Cambridge, Mass. 
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photon ooRcaramgro« 

With high flux »sabranee, ultrafiltration ie a rapid and 
esaeatially noB»danaturant method for the concentration of solution* 
contain! ïig labile macraesolecules. The cross section of the stainless 
steel ultrafiltration cell used in initial studies with the Diaflo 
mmbmmñ is shown in Pig. 3 (ais unit has since been replaced by 
an entirely plastic apparatus ). With the earlier apparatus, an 
ultrafilter graded at a retention value of 1000 was evaluated and 
the syst« contrasted with the mere conventional method (as exenmll- 
fied by the NIL Saravis ultrafilterwhich uses Vi«king tubing as 
vhs ultrafiltration membrane, Table 1 compares various protein 
preparations, in phosphate buffered saline, pH 7.4, as concentrated 
by the two considered ultrafiltration modes (2). Since the areas of 
the filters are different, the ultrafiltration rates have been 
normalized, to unit surfaces of exchange. It la apparent from the 
data that the Maflo membrane ultrafiltration procedure la extremely 
rapid relative to VIeking tubing (up to 50-fold faster) and that 
high recoveries may be expected. The actual filtration rates of 
the various fractions relative to buffer and distilled water are 
showa in Pig. k, on inspection, it appears that the type of protein 
rather than .»he absolute concentration (given in Table 1) is the 
prime variable in determining the effective filtration rate. 

Sie electrophoretic distribution of three protein solutions, 
prior to and following concentration by both procedure«, was datera 
mined on analysis of the electropherognas obtained using cellulose 
acetóte as the iupportive meditai (see Table 2). With either asttod, 
essentially uniform resulta were obtained with respect to the 
etarting material, and, consequently, dénaturant changes capable of 
resolution by this technique were assured to be minimal Motional 
evidence for aon-denaturation is shown in Pig. 5 wherein i—uno- 
e'-^ctrophoresis patterns of human serum aliquots prior to dilution 
«tâ after ultrafiltration with Maflo meafcraasj or Visking tubing 
are contrasted. The concentrate* appear to be identical to the 
starting material. Although the membrane used in these studies was 
initially assigned a retentiva limit of 1000, it should be noted 
that the exclusion alues given for «11 membranes are quite arbi¬ 
trary. Kille molecular weight serves as convenient measure, better 
indices of membrane exclusion would be molecular dimension* and/or 
configuration. 

Pbr the rapid concentration of solutions containing macro- 
solutea with moltcular weights in excess of 1000, it is suggested 
that the vltrafilter with an exclusion limit of 10,000 be used. 

+ Ibid 
National Instrument Laboratories, Bethesda, Md. 
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A METHOD Of SAPID mLXBB 

Ühe ertma«ly rapid rate of micro ion exchange penults us to 
use these membranes for dialysis by either the discontinuous tech¬ 
nique of repetitive dilution and concentration (dlsfiltratirn) or e 
continuous method as afforded by the specialized assembly shown In 
Fig. 6. In this latter procedure, a dlalysato reservoir and valve 
assembly have been placed above the standard ultrafiltration cell 
With the fluid connecting valve closed, both chambers »re pressurized, 
then the air line to the lover assembly is closed and the fluid valve 
opened, thereby, a relatively constant volume is maintained in the 
ultrafiltration cell. ligure 7 illustrates the technique wherein 
salt vas removed from fixed volusaa of solution as veil as the re¬ 
verse process; i.e., the introduction of salt into the solution, 
la these and subsequent studies, the effluent from the side port of 
the cell vas passed through a conductivity meter + which served to 
monitor the salt content. In Fig. 8 are depicted the results where 
solutions of differing molarity were dialyzed in forward and reverse 
manner. The introduction of protein (see fig. 9), while reducing 
the ultrafiltration rate, does not change the effective volume of 
reservoir solution necessary for effective dl lysis. Using this 
system, it is apparent that the volume of solution necessary for 
dialysis is independent of the macro or micro ion content of the 
reténtate. The approximate volumes necessary for effective ex¬ 
change can be calculated frcm the equations given below (6): 

where Q ■ volume of dialysate 

V - volase of sample being dialyzed 

(2) at 95^ completion and using a 10 ml sample, 

Q » 29.5 ml 

Biis technique greatly differs from conventional dialysis in that in 
the latter, the concentration of the exchangeable ion determines the 
effective dialysis volume and subsequsntly the time necessary for 
r*Doval. With the membrane method, 955* dialysis can be achieved 
using approximately three times the reténtate volase, and with ultra- 
filters chosen appropriate to the size of the solute to be retained, 
dialysis can be accomplished in less than 1 hour. It should be 
noted that this analynis presases that the micro ion to be eliminated 
is not bound to any of the protein constituents, nor is there any 
appreciable micro solute rejection by the membrane. When this rejec- 

ometer Oorp., Copenhagen, Denmark 
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*»ry orfiMW volioa* of dlalygate la n»omm 
Sd ^^^z\^ioaa lor —^S^vS088* 0r tha «Pacific •yatam undar study. 

Ä« use of an apparatus ahleh 
E*iat«iM4 am,, cortil-oí n^Torif ^ ’ï1““ 40 ^ 
to ooasuio tbo lotoniotloD of Mmii»» 0 **®4fta®e »olution oatbloo on 
•oiution* of «1,»í:.ox».^fro"*„,ss*?sr 
I9 ^ »tudled the blKdlag of tío^í ^í6^ this 
(M.W., 327) and ionic cS^ to^uZ^aS; !^ 
th V“w;®M“y 10 ®8tabli«h th* ^ffUS.vílty^Í^r' 4At the 0Ut8e^ 
through the protein Hal tin« meabrana w*7 f fcrte ^10 
comparative diffusivlty , ^ 10 initiates the 
M-&yl orange thixm^^e lõ^oTríSSÍ!^^1® chloilde 804 
*th the passage ofllaCL^hrou^ aÍ^d^' 
and c aid uns exchange vas monitored bv nn n B*® sodlus 
coaduetivlty of thï ultr^„» 4*t',®1“tl0,, of «>• 
flltroto wo Indicated S^ta^oSiL^Ä-0””** lB th* x14™- 
of tho calcita lota occurred but nothwi ^ diffuolvlty 
1.¾. logreo by th. S£»’ K ïî* 1,4,1«o « 
action of th. dye «th thí^nbri^í^rttíí.^^T*! 40 t»4»’' 
-“• X* obt«aad In that tho^aL .lo¿rJ!*^^í *' Ma4tne Profil.» 
occur in protein-free and protein-cwit^ miat«»«tlon vlll 
will in effect cancel eachIot2r n£t ^ f? 8?lufeloa8> *** th*— 
?!% m offective in cl*2lig thi d^frii Sí0a“V&M5TOxll,ultaly 
U illustrates a methyl ontmm ^ ff0® ^8 msmbranea. figure 
of protein, tho curvTihoíTrt V.1“ ^ 

Ibvcün c0n££ *1-^n,”* With 
»br rapidly 0^10.««* tot« blSlnî, thTSîîîîLît ” Í° ^4^ 
solute is continued until eeuliifcrirfin« °* 
oluoto .fpraünato. SS 0^^222 iîlîb*?t•1M, of ^ «“1 

binding ratio. *^UtJ°1‘ " «W ooloalato th. molar 
Ibhie 3. 9,0 samo method vu noad 2r SÜ“?1?410“ ,r* ■!l0»n lo 
binding to albumin. Ï2““4l0,, of xolclu. 
of approximately 5 x 10?^c,lcl« S2dc «rí s“? ^'!'''!.:01“410“" 
progressively Increasimr con^n+^+Í - iiaftltered through 
of the molar binding ratios under varying JSn??11* P1® calcu -ition «able 4. r ▼axying conditions Is shorn in 

the ^^¿nTb^S^TiS ^ ^ tor 
action ratios. Whereas c^«ü.«ti0n of malar later- 
tion, typified by eqdHbriuTdalyslI ^^Lîf^ 4" 0f •V^ra- 
^-72 hours for effíctlvel^Sí* ¿m ^ 
than a fev hours. > procedure roguirea no moro 
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SEPARATION AND AKALTBIg OF ME PBSSOCfi Of PHDTZOLTBIfl 

The resulte of the prior studies suggested that membranes nhich 
selectively retain macromolecules during ultrafiltration can be used 
to separate low molecular weight constituents from either native 
protein mixtures or from unreacted substrate following enap»tic 
degradation. Accordingly, a system was devised for the rapid and 
continuous ultrafiltration of proteolytic digestion products as they 
were formed through a size-selective membrane (3). The coas»rcially- 
available ultrafiltration cell waa reduced in aiae end altered to 
permit continuous on-line ultrafiltration without the necessity for 
a separate reservoir assembly. This modification is shown in the 
upper portion of Pig. 13- The substituted center portion permitted 
reduction of the internal volume to approximately 16 ml. &e top- 
supported stirring aaseiribly was replaced by a teflon-coated magnetic 
stirrer supported by a teflon collar force-fitted in that portion 
directly above the membrane. The lower figure displays the as¬ 
sembled unit on a magnetic stirrer with appropriate valve connections 
for sample introduction and buffer flow as well as ultrafiltrate 
egress to a flow-through UV analyser. This last system provides for 
continuous spectral evaluation of the ultrafiltrate during pr beoly- 
sls. An expanded diagrammatic view of the ultrafiltration cell is 
shown in Jig. lA. Por these studies, a 10,OCX) membrane was used as 
the partitioning membrane. The cell was filled with the substrate 
solution and buffer circulated through the system at a constant rate 
until equilibrium was achieved; i.c., a stable baseline representing 
the absence of UV absorbing material in the eluate. Ibllowlng this, 
the pimp was stopped, the enzyme aolution directly Introduced through 
the sampling valve into the cell, and the buffer flow then restowd. 
In these studies, the substrate consisted of e 1$ solution of bovine 
milk whey in phosphate buffered sallas, pH TA. Prior to digestion, 
the solution was diafiltered through a 10,000 retention membrane 
to remove any lower molecular weight moieties. After the cell was 
filled with this solution and equilibrated, 1 ml of a 1* solution 
of alpha Chymotrypsin was introduced into the sampling valve, ae 
absorbance of the ultrafiltrate was aonitorsd at 225 , 260 and 280 mp. 

ligure 15 shows the UV «bse'Ttion of the ultrafiltrate (flow 
rate, 25 ml/hr) produced daring 12 hours of digestion, as well as 
the Sephadex 0-100 chromatographic evaluation of each of the constitu¬ 
ents in the system. Rsdnction in the proportion of larger molecular 
weight components (substrate; fractions B and C) is noted in the 
material retained by the membrane; lower weight molettes foxmed during 
proteolysis are denoted by appearance of fractions D and R in the 
ultrafiltrate. A further evaluation of the digested material, was 
mads by taking time-collected aliquots of the ultrafiltrate (Jig. 15, 
left, Fractions 1-4) and chromatographing these on Sephadex 0-25 
(see Jig. l£). 
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0th!r+íO,!Ít>?-e appl3catl0ílB of this technique are in the re- 
î1010®1^ acti^ peptides fomed during the proteolysis 

r>Lîerîain*PÎ?ÎÎISaAproteln* 88 m11 88 the «elective removal of the 
0f,â'ig*Stl0n from desr8ded «ubstrote after interaction with 

a variety of enzymes. 

LIMITOD FRACTIONATION 

W^h th® availability of lover retentive capacity membranes, 
«apandad Structure, preparative techniques 

become feasible. Accordingly, an experimental membrane vith a 
raoiecular veight retention value graded at 35-45,000 vas examined 
aa a partitioning device for the removal of larger molecular veight 
contaminante from smaller sized species (4). Fbr evaluation, ve 
chose crystalline bovine alpha lactalbumin (M.W., 14,500) a material 
physically able to diffuse through the membrane and containing a 
small quantity of albumin as a contaminant. The modified flov- 
throiJigh cell vas unavailable for these studies. Consequently, a 
standard 65 ml ultrafiltration cell vas employed using repetitive 

£ S ü? of 8 solution vero diluted 
to 50 ml vith pH 7-6, THIS buffered saline and ultrafiltered to a 
concentrate volume of 5 ml, rediluted and the ultrafiltration re¬ 
peated (final reténtate referred to as Concentrate a). The two 
ultra filtrates vere combined, then concentrated on a 1000 retention 
niter (Concéntrate B). ffe# final filtrate (< IOOO) vas reduced by 
flash ev*poration. The protein content of all fractiona vas deter¬ 
mined by biuret analysis. A summary of the separation scheme, re¬ 
cove ly values, as veil as chromatographic evaluation of each fraction 
af 8*™ *n 17- From the recovery values shown to the right 
of the figure, it is apparent that a substantial portion of the aipha- 
lactalbumin diffused through the membra» vith only 234 remaining in 
the membrane reténtate. Accordingly, 694 of the biuret positive 
materia! with molecular limits of 1,000-35,000 ves obtained in Con- 
centrate B. Ho more than 84 of the total biuret positive material 
afpeawtd in the final filtrate. The central portion of the figure 
denotes the qualitative evaluation of the various membrane-separated 
fractions following chromatography on Sephadex G-100. The appearance 
of the UV absorption pattern of Concentrate B attests to the removal 
of albumin (Freetion B) as well aa to the uniformity of the major 
component (Fraction C). In order to teat the ability of this Mmbrane 
to reaove more substantial quantities of albumin, an equivalent amount 
°f album!n vas added to grossly contaminate the crystalline 
alpha iactalbumin sample. The extent of purification by membrane 
partition la shown in îlg. l8. Additional evidence substantiating 
the selective removal of albumin from either crystalline or admixed 
fractions vas obtaiMd by iammnochemical evaluation of the various 
fractiona using the titration immunodiffusion procedure described by 
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Saravib (7). With this technique, two-fold serial dilutions of 
antigen vers reacted with horse anti-albumin antisera, using pre¬ 
formed mlcroporous cellulose acetate as a supporting medium. 3he 
precipitin bands obtained are shown in ïlg. 19. üie lack of inter¬ 
action in Concentrate B would indicate the relative absence of 
albumin in this fraction. 

The availability of membranes with higher orders of selectivity 
permitted us to extend our studies into the fractionation of more 
complex protein mixtures (described below). 

FKACnONATION OF OQMPIJSX MXXHJHE8 BY MEMBRANE PARUTION 

Fbr this application, it was necessary to evaluate the complete 
array of available membranes: 100,000; 60,000; 40,000; 10,000; and 
1,000 (5). The retentive capacity was determined using the modified 
flow-through cell (identical to that described for proteolysis evalua¬ 
tion). Non-pulsatile buffer flows were established through cells 
containing each of the membranes using sufficient ultrafiltrate passed 
through the UV monitoring system to achieve baseline stability, fol¬ 
lowing this, 1 ml of 1^ protein solutions in phosphate-buffered saline, 
pH 7. were injected through the sampling valves and the UV absorp¬ 
tion of the ultrafiltrate contrasted with recordings of flow patterns 
through cells in which the membranes were omitted. The amount of 
protein passed was determined from the differential peak areas of the 
ultra fis trates relative to the areas of non-membrane systems. Reten¬ 
tion was calculated by difference. An illustration of this method 
is shown in Fig. 20 wherein serum albumin was evaluated. When a 
filter graded at 100,000 was used, no retention was observed, whereas, 
with a 60,000 filter, considerable albumin was retained. The holdback 
capabilities of the available ultrafilters for a spectrum of proteins 
is shown in Table 5. Insofar as many of the commercial preparations 
contain impurities that could partially invalidate the results, we 
selected protein standards that are used for the determination of 
molecular weight by gel diffusion chromatography. The heavy line 
serves to bracket the major exclusion area (greater than 60^ reten¬ 
tion). The data reinforced an earlier observation that exclusion 
limits, based upon other model polymers, are only arbitrary and that 
true characterization of retention entails considerably more than the 
gross molecular weight. In addition, the limited diffus!vity of es¬ 
sentially uni fon* proteins, e.g., albumin and hemoglobin through the 
60,000 filter, may be due to the following: a portion of the protein 
can be affixed to the surface or entrapped within the membrane matrix, 
thus altering its retentive capacity. 

7 



On the basis of the observed exclusion Halts, an asse^ly vas 
daviaed consisting of three of the ultrafiltration unit*, placed 
in series, each containing a progressively lover exclusion filter 
(60,000:10,000:1,000). Bie apparatus is shown in Pig. 21. In the 
Initial evaluation, approJdaately 8o ag of an equal part alxture 
of albualn, cytochrone c, cyenocobalaaln and phenylalanine in phos¬ 
phate buffered saline, pH 7*4, vas placed In the upper cell and a 
constant buffer flow of 10-15 al/hr. established through the systee. 
me separations obtained, as characterized by chronatographlc evalua¬ 
tion of each of the m**brane-retained fractions, Is shove in Pig, ¢2, 
A transition of high to lover molecular weight species was acconnlldted 
by ths graded retention filters. Moreover, these separations vero in 
accord with what had been predicted on the basis of the single evalua¬ 
tion sebenii shown in fable 5. It would appear then, that the dif¬ 
fus! vity of a given protein through these nenbranes was not altered 
by using a protein mixture. 

In another series, aldolase, ovalbumin, cytochroma c, and cyano- 
cobalamin were separated in a similar unit. The results aro shown 
in Pig. 23. Once again, the progressive change in distribution as 
evaluated 6y gel chromatography substantiates the findings of the 
earlier study. In additional studies, we examined different mlxturoa 
in system® containing the filter graded at 100,000 but with less suc¬ 
cess. She larger molecular weight materials, e.g., game globulin 
and apeferritin, show a tendency to plug the filter when used for 
protracted periods, and consequently interfere with the passage of 
material normally diffusible through these membranes. If ehaxge 
sites could be included within the structure of the manbrano, selec¬ 
tive rejection of gamma globulin with admission of species of different 
ckmsm end lesser size sight ba effected. Additionally, with tailoring 
of these membranes to other exclusion liait», tandem systsms can be 
devised ^or separation of proteins more similar in molecular weight 
than those used in this evaluation. ^ 

DjjUHOCHagGAL APPLICATIOSB TJBING MBtBBAMB PABTTTTOH 

This final application represents a synthesis of the preceding 
area» of study, where the processes of peptide separation, limited 
purification and fractionation have been intégrât«! to provide a 
system suitable for inmunoctaemical studies. This aspect is proliadn- 
aiy «lid this »port will, for the most part, provide a conceptual ap- 
proach rather than a definitiv« statement of rosults. In this study, 
changes in the antigenicity of a substrate following enzymatic degrada¬ 
tion were noted. The lover molecular weight of most proleolytic en¬ 
zymes, relative to the substrate used, necessitated coupling of the 
enzyme to an insoluble matrix so that it would not diffuse through the 
60,000 membrane used in these studies. Accordingly, the enzyme vas 
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interacted vi th polyacrllaaide gel (8). During evaluation, the cold- 
stored enzyme-gel suspension is placed in the top cell of the tandem 
assembly and sufficient antigenic substrate is introduced through the 
sampling valve prior to establishing buffer flow through the system. 
A diagram-’tic Illustration shoving enzyme-gel, substrate, aid degrada¬ 
tion products in the various filter compartments is shown in Fig. 24. 

Following digestion, aliquots can be removed from each of the 
filter units and evaluated. Immunoelectrophoresis as veil as double 
diffusion in agar are applicable in systems yielding precipitin re¬ 
actions. In those cases in vhich haptenic fragments are formed pre¬ 
sumably less than 10,000) a titration Immunodiffusion procedure (vide 
supra) can be employed. The test solution is admixed with the anti¬ 
sera, reacted against native substrate, and the results contested 
with the reaction of sallne-dlluted antisera. Where heptanes exist, 
reduction in the extent of interaction can be noted and appropriate 
quantitation made. 

SUMMAHf 

Specific applications of selective ultrafiltration to pertinent 
problems in protein chemistry have been presented. An advantage of 
this system, apart from the use of these membranes in removing ionic 
or lav molecular veight species, is its ability to resolve complex 
mixtures into size-graded classes vithout the use of precipitating 
reagents, cumbersome electrophoretic methods, or initial column 
chromatography. Increase in the separation rate and the total quan¬ 
tity of material fractionated can be obtained by increasing the ex¬ 
changeable surface of the filter. In that limited fractionation 
rather than total resolution is achieved, membrane partition chroma¬ 
tography appears to be an apt title for this preparative method. 
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1/4 in. SWAGELOK FITTING 

RUBBER O-RING 

SINTERED STEEL DISC 

RUBBER GASKET 

JWtír 
STIRRER SUPPORT and MOUNTING 

MAGNETIC STIRRING BAR 

"DIAPLEX" MEMBRANF 

JL 
ji 

EFFLUENT COLLECTING STAGE 

EFFLUENT DRAIN 

*L*. 3. T«rtle«l croas aactlon of ■ pçsltlva 
filtration unit. (Fron re fe ranea 2). 

preeaure Mob rana ultra- 

14 



05 



Hg. 5. 

it 

JMsiaoalectrophoreBiB of hvoMa sema befo?» koBL after ooneon- 
tration by latrafiltratlon: 1, mmbmm eonetnirate (Dlaflo); 
2, Btarting Mtarlalj 3» conyantlonal ooaeantrata (VlBldiac): 
4, starting matarial. (Kran rafaronca 2). 
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prosture 

Hg. 6. Haílltratlcm «sseably for rmpld disljais and alcrosolute binding 
•valuation. Lover filtration cell fonrulated of plexlglaas vlth 
a teflnn-coated internal etirrer assembly. Upper xesarrolr of 
similar construction. Svage-lok fittings, needle Talws and 1/8" 
stainless steel tubing comprise the connecting assembly. 
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The dl «filtration of distilled va ter and va Tying concentre- 
tions of Had against varying salt and distilled va ter, 
respectively. Volume in the filtration cell vas maintained 
at 10 ml. 
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«!>'" V 

modified center section 

c h ec k valve 

I jjW Ijf . fluid entry 

jl STANDARD 

ULTRAFILTRATION 

CELL 

$ 

\ 
filtra te port 

sampling va ve 

f rom pump 

MODIFIED 

U LTRA FILTRA TION 
CELL 

b ubble trap 

to analyzer 

magnetic stirrer 

Wg* 13* Edified center eection of e floe-through ultro- 
filtr tlon een contrasted with the standard aseeabled unit 
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ïlg. 15. I*ft: AbBorbanc« (225, 26o and 2Ô0 a^i) of the ultraflltrat« 
obiaiBtd during the alpha chpjotiypiln digestion of the higher 
aolecular eelght component« (>10,000) of borlne «ilk ehey. 
Jdght: Gel chrcaatography of (a) bovine alii whey, (b) the 
fraction used as substrate, (c) the filter retained lige state, 
and (d) the ultrafiltrate of this latter step. Phosphate- 
buffered saline, pB 7.^ vas used for elutions on the 1.5 x 
50 on colaans of Sephadex G-100, at a flow rate of 25 nl/hr. 
(Fren reference 3). 
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11«. 17. teptxwtion, shxwMtognqÉle «náwtlon and ylalda of borlne alpha 
laetalbualn. Lait: «apynatlaa aehaaa (mmbrono partition chnoaa- 
tagraphy). Cantar: Oal «Iffualon etmuntogzapfay of tha Mabsm^- 
prafara* fraetlana an I.5 x 50 ea eoluana of flaphadax 0-100. 
MfM: Matrltatlcn In pa reant of tha total raeoraxy of protaln 
rKHka laUeatad fraotlaas. (Fran raftranca k). 
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Alpha Wtolbumin 

<• Albumin 
2-2 

u 

io Mixtur« 
2-3 

0l< 

Concentrât« A 

w 2-4 

M 

I ^ 
1 U 

Mm miftl■ ■ 

Concontrat« B 
2-5 

Fraction 

io Filtrat« 

2-6 

Vlg. 18. Gel chromatography on 1.5 x 50 cm columna of Sephatex 0-100. 
Identification of the concentrates and filtrate can he made 
from ELg. 17. (Erom reference 4). 
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HUMAN SERUM ALBUMIN 

ALBUMIN — ALPHa LACTALBUMIN 

CONCENTRATE A 

Hg. 19. Htrmtlon 1 wunodiffualon on colluloae acetato (albwdn «ai 
bovine alpha lactalbtaln aâ»i:?e4 fractlona): (a) antigen 
veil» (b) antloera trough, -es iaaunopreclpltln Haas Indi¬ 
cating reaction. (Front ref«r<; ;e 4). 
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SEPHADEX G-100 MEMBRANE PARTITION 

Fig. 22. The mebraae partition sebes* and the Sephadex 0-100 separation 

patterns of the folloeing protein adrture: alhuain, cytochroa« c, 

cyanocohalioaln and phenylalanine. Flow rate, 10-15 ml/hr; tempera¬ 

tal«, MC. (From reference 5). 
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SEPHADEX G-100 MEMBRANE partition 

Elut ion Volume -► 

Mg. 23. 9m nanbrane »sparmtion schvm and the flephadez 0-100 Mfazatlon 
patteana of the following protein aizture: aldolaee, evaSuKin 
cytochroB* 0, and ayanocdbalamin. Plow rate, IQ-15 ml/kr: 
teaperature, Itc. (Proa reference 5). 



BUFFER FLOW 

ïlg. 2k. The digestion of antigenic substrate by polyacrilanide-coupled 
eBay» in a tandem membrane assembly. Free gel particles, enzyme 

totally entrapped and active enzyme gel, as sell as native sub¬ 

strate (e ), enzyme-modified substrate (•), and proteolysis pro¬ 
ducts (•,• ), are shown in the upper portion. The diffusion of 
the digestion product* through the size-limiting membranes is 
shown by the appropriate symbols in the lower chaÄers. 
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TABLE n. Th« electrophoretic dietribution of starting 
material and ultrafiltration concentrates (2). 

KLectrophoretic 

rmation 

Albumin 

Alpha-l-glob 

Alpha-2-glob 

Beta-glob 

Gaimaa-glob 

Hu Serum 

Pre DQF1 CUT2 

66 64 69 

3 3 3 

8 8 8 

10 12 7 

13 13 12 

Fr. Ill 

Pre DUF CUT 

11 10 10 

26 30 28 

63 60 62 

Fr. IV-1 

Pre WF CUF 

18 18 20 

82 82 80 

•^Maflo ultrafiltration 
2 
-Conventional ultrafiltration (Visking tubing) 
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Ta kt je in. 9» binding of Mthyl orange to human een» 
alhtnin aa 4atanlne& by Mibrane ultrafiltration. 

Initial Oon€>ntratlon 
(x 10-5M) 

Protein 
C 
P 

Dye Concentration 
(x iít5m) 

Cell nitrate 
(¾. Cj 

nnal Cell 
VolTMe 

0 
0 

O.T25 

0.725 

1.450 

1.450 

2.175 

0.725 

0.725 

0.50 
0.49 

0.49 

0.49 

0.49 

0.49 

0.49 

2.83 

2.87 

0.55 
0.52 

1.47 

1.68 

2.84 

2.62 

3.13 

5.66 

5-96 

0.52 
0.44 

0.49 

0.49 

0.50 

0.46 

0.45 

2.77 

2.83 

7.7 
6.0 

6.8 

7.6 

8.0 

7.0 

8.8 

6.8 

6.4 

Itotal Bound 
Bye 

vT (Cr-Cp) 

0.232 
0.482 

6.66 

9.o4 

18.72 

15.12 

23.58 

19.65 

20.16 

Molar1 
Binding 
Ratio 

O.92 
>1.09 

1.25 

I.29 
>1.17 

1.04 

I.08 

2.71 
>2.75 

2.78 

Initial volmaaa of 10 ml (V0) eere placed In the filtration cell. 
Calculation of the molar binding ratio vas from the following: 

M.B.R. » VW 
V0 ( Cp! 

^Insofar aa no protein vaa in the filtration cell, the valuee 
reported as bound dye represent the oderosolute rejection by the 
membrane. 
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ÏAHLI nr. rnm bi nding of calcina to human serum albumin 
as de temined by membrane ultrafiltration. 

Initial Gbnoentrstlon 
(x 10-S) 

S Po 

0.29 

0.29 

0.58 

O.58 

1.16 

1.16 

O.29 

O.29 

O.29 

O.29 

*•53 

5.00 

*.98 

*.83 

5.00 

*.95 

19.13 

19.13 

95.00 

95.60 

Ca Oonoentratlon 
(x 10-¾) 

Cell Filtrate 

Final Cell 
Volume 

Total Ca 
Bound 

5.53 

6.25 

6.65 

6.65 

7.75 

9.01 

21.25 

20.48 

98.15 

95.25 

*.55 

5.03 

*.75 

4.97 

4.92 

4.78 

19.08 

19.18 

96.13 

94.00 

8.6 

8.4 

10.8 

13.0 

10.0 

10.0 

11.0 

18.0 

10.2 

13.0 

8.43 

10.25 

20.52 

21.84 

28.30 

42.30 

23.87 

23.4o 

20.60 

16.25 

Molar 
Binding 
Ratio* 

2.91 

3.53 
>3.22 

3.54 

3.76 
>3.65 

2.44 

3.64 
>3.04 

8.23 

8.07 

7.10 

>8.15 
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TABLE V. Protein retentive capacity of aize-Belective 

membranes (5)- 

Compound Mol. Wt. 

Apo-Ferritin 480,000 

Gamma Globulins 160,000 

Aldolase 142,000 

Albumin 67,000 

Hemoglobin 64,500 

0valbumin 45,000 

Chyraotrypsinogen A 25,000 

Alpha-Chymotrypsin 24,500 

Trypsin 20,000 

Myoglobin 17,000 

Cytochrome c 12,400 

Cyanocobalamin 1,355 

Phenylalanine I65 

XM-100 
(100,00^1 

I 1002 

1 ¡22L 
0 

0 

0 

0 

0 

-»tention 

XM-50 XM4-A UM-1 
(60,000) (35,000) (10,000) 

100 

100 

85 100 

68 100 

622 70 

77 98 

0 0 

100 

100 

100 

100 

90 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

95 

95 

88 

85 

000 

000 

UM-2 

(1000) 

100 

100 

100 

100 

100 

100 

100 

100 

100 

03 

0 

1Values in parenthesis represent arbitrary cutoff limits ascribed to 

the various membranes. 

^Membrane plugging vas observed with these compounds as evidenced by e 

considerable increase in pressure during ultrafiltration. This vas not 

observed in the non-porous membranes (35,000 and below). 

^With the other compounds, diffusivity, where present, was effected 

rate comparable to the clearance observed in a non-filter eyste- 

with cyanocobalamin, a slow escape was noted, and given sufficient 

complete passage through the membrane was obtained. 

at a 

However, 

time. 

40 



_UNCLASSIFIED 

DOCUMENT CONTROL DATA ■ R & 0 
(Security elm»nitem!Ion of i/H», body of mbtlrmcl mnd Indexing annolmlion muml by tntmrmd whan thy ovyryll t •£S1 f* clmttlllyd !L >■ ORIGINATING ACTIVITY fCoipo,*»«« yuthorj 

V.B. Amy Research Institute of Ehvlrönnent&l Medlcln^ 
Natick, Naas. OI760 

» REPORT TITLE 

2«. REPORT SECURITY CLASSIFICATION 

UNCLASSIFIED 
!b. GROUP 

Hie Application of Selectire Ultrafiltration to Protein Chemistry 

4. DESCRIPTIVE NOTES (Typ* of rnporf amd tnclumivm dmtma) ■—™ 

FINAL 
* AUTHOnii) (¿int nmm«, middlm Inltimt, t*Bt nmm*) " .. 

Blatt, Villi an F. 

• REPORT DATE . 

15 January 1968 
7*. TOTAL NO. OF PASES 

ko 
7b. NO or REPS 

8 
•#. CONTRACT OR GRANT NO. 

6. PROJECT NO. 84383IO6 

c. 

d. 

•4L OWISiN A TOW’S REPORT NUhTBERlS) 

68-4o 

•6. OTHER REPORT NOItl (Any othyr nuabar* Mal m, b* yyyyd 
cnia report) 

N/A 

Distribution of 

II SUPPLEMENTARY NOTES 

N/A 

13. ABSTRACT 

this document Is unlimited 

12. SPONSORING MILITARY ACTIVITY 

U.S. Army Medical RfcD Command 
Department of the Army 

_Washington, D. C. 20315 

(U) Preformed ultrafiltration membranes, vlth molecular veight exclusion 
limits varying from 1,000-100,000, are uniquely suited for preparative methods 
in protein chemistry. Kie applications Includevnon-denaturing protein concentra¬ 
tion, rapid dialysis, micro solute binding, limited purification, and fractionation 
of complex mixtures. In the latter procedures, selective ultrafiltration obviates 
the use of cumbersome electrophoretic methods, or Initial column chromatography. 
Increases in the separation rate, as well as the total quantity of material frac¬ 
tionated, can be obtained by increasing the exchangeable surface of the filter, (u) 

DD .'“..1473 
MEPLACE* do rOWM 147». 1 JAM «4, WHICH IS 
OBSOLETE rOf* ARMY USE. 



U1Í CLASSIFIED 
Security Classification 

KEY WORD» 
LINK A link b LINK C 

ROLE W T ROLE W T ROLE 

Membrane ultrafiltration; rapid dialysis; 

protein fractionation; protein purification; 

protein binding; proteclysis 

.i> 

UNCLABffTFTED 
Security Ciaaeirication 




