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A STUDY COF THE AMINO ACID COMPOSITION OF SOME OF THE SERUM
LIPOPROTEINS INVOLVED IN THE DEVELOPMENT OF ATHEROSCLEROSIS

Arthur Karler

Radiation laboratory, Department of Physics,
"University of California, Berkeley, California

May 29, 1952
ABSTRACT

Gofman and co-workers have presented evidence for the existence
of a series or "spectrumt of humah serum lipoproteins.ahd have shown a
definite correlation between certain of these lipoproteins and the devel-
"opment of atherosclerosis. An obv1ous way to extend our understanding.
of lipid metabolism and étherogenicity was to study the proteln moienties
of_serum lipéproteinso'

This investigation.w;; concerned with the developmént of ana-
lytical procedures adequate for the characterization of these pfotein
moieties and with their preliminarj application. It was felt that, once
the analytical procedures had been developed, valuable information might
eventually be secured regarding the nature of these newly isolated lipo-
proteins and consequently the relationship of the protein moieties of this
series (spectrum) of lipoproteins to each other and to the development of
atherosclerosis°

The significant achlevements of this 1nvest1gatlon may be

listed as follows: (1) Deve’opment of a satlsfactory small-scale procedure



o

for denaturing and delipidizing homologous sets of serﬁm lipoproteins.
(2) Development of a technique for the chromatography of whole native
lipoproteins and other proteins. (3) Development of a new quantitative
ultramicro procedure for the determination of protein after hydrolysis,
(4) Development of satisfactory'qualitative, semi~-quantitative and
quantitative chromatographic techniques for analyzing the proteih hy-
drolysateg of homologous sets of serum lipo.proteins° (5) Preliminafy
application of these techniques to the analysis of a limited number of

homologous sets of human serum lipoproteihso
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STATEMENT COF THE RESEARCH PROBLEM

Gofman, et al.19%23 have presented evidence for the existence
of a series or "spectrum" of human serum lipoproteins and have shown a
definite correlation between certain of these lipoproteins and the

development of atherosclerosiso”596

For a better knowledge and under-
standing of 1ipid metabolism and atherogenicity, it seemed desirable to
stﬁdy the pretein moieties of these lipopfoteinso

| This investigation was concerned with the development of ana-

lytical procedures adequate for the characterization of these protein

,%ith their preliminary application. It was felt that, once
the analytleal procedure had been developed valuable 1nformat10n mlght
eventually be secured regarding the nature of these newly isolated lipo-
protelns and consequently the relatlonshlp of the protein moieties of

this series (spectrum) of lipoproteins to each ether and to the develop~

ment of atherosclerosis.



CHOICE OF EXPERIMENTAL APPROACH

ﬁConeiderable study wae deVOted to the choice of the most desir-
able experlmental approach for the adequate charaoterlzatlon of protein
moietles of various 11p0prote1ns° The difflcultles here lay principally
in the fact that the analytlcal procedure muat be eapable of character1z1ng
protelns avallable in amounts as small as O, 1 milligram, that is, the pro-

v

cedure must be sen51t1ve enough to handle the series (spectrum) of lipo-

‘ protelns 1solated from a 51ngle donor (homologou sets of components)s

, In generals protelns can be characterlzed by studies on the in-

' tact proteln and/or on the hydrolyzed protelno The appllcatlon of phy51cal

o or phy31co~chemlca1* methods to the study of the 1ntact proteln d1d not

seem too encouraglng eSpeclally in V1ew of repeated fallure to prepare a
dellpldlzed protein without drastlcally alterlng the phy31cal or phy3100~
chemlcal propertles of the "native" protelno The application of purely

analytlcal chemleal technlques to the characterlzatlon of the intact dem'

llpldlzed protelns seemed more encouraglng, but such analyees were of

_llmlted scope and of dublous accuracy** _and are used with confldence

only for protelns whlch have been subJected to prev1ous study of their

correSpondlng hydrolysateso

® For example, infra-red spectrophotdmetry;'viSGOmetry9 osmometry, and

v_electrophoresiso

#%* More recent work may force eventual recon31deratlon of studles on the
intact proteln (efs especially the ‘unpublished studies. on determination
of arginine in the intact protein molecule, by Slnger7) :



Characterization of new proteins by study of their hydroly-
sates seemed to be more promlslng than studies on the intact protein,
Except for those functlonal groups chemlcally unavailable in the in-
tact molecule, chemical analyses on the total hyrolysate offered little
advantage over those on ﬁhe intact protein; butvbiologioal methods, bar—
ticularlyvmicrobioiogical assay;vsuggested real possibilities.for charac-
terizing thege protein hyrolysateso 'Microbioiogiqal assay methods,8
‘however, are best adapted for routine analyses of well-defined prooeinsf
they could not be used with confideace.unless supported or corroborated
by detailed chemical study of the composition of these new protein hydro-
lysates. For the 11m1tatlons 1mposed by this 1nvestigat10n, there seemed
to be no alternative but to subject the protein hydrolysates to some satis-
factory isolative procedure and to oharacterizatiohvof‘the'isolated'come
pourids. | | |

_ Furthermore, another eiperimentai requirement became oBvious'
-during the preliminaryvstudy of the.first proﬁein‘hydrolysatesz theiid
’neces51ty for an ultramicro procedure for the direct determlnatlon of |

the amount of proteln (or some property dlreotly related to the proteln)
present as contrasted with the yicro-ngldahl procedure by which the
final proteinmnitrogen was determined_ggggg substraction of fheflipida.
nitrogen. It was hoped that such a protein assay method might be adapted
from the method(s) used to determine the amino acids isolated from those
same protein hydrolysates'whose protéiﬁ contents are to be assayed prior’

to extensive study.



BRIEF DESCRIPTION OF THE EXPERIMENTAL FROCEDIRE

It is deeired to preeept here a.prief descriptiopﬁoflthé over-
all experimentel procedure as it deveioped during the course of this
inVestigation.—= en outline that might.serve'es a rough guide for the
reader while he is going through the mass of experlmental details with
whlch thls 1nvest1gatlon was of neoe351ty concerned

The various 11poprote1n components are prepared by preparatlve‘-
and dlfferentlal ultraeentrlfugatlon in thls laboratory by Frank T. |
Lindgren.,

The samples are allquoted 1mmed1ately after preparatlon and
stored in previously callbrated centrlfuge-hydroly31s tubes at - 1° Co

Denaturatlon of the 11poprote1n is effeeted by alternate

heatlng (80 C) and chllllng (--200 C) in the presence >f 75-80 percent

,ethanola‘"

Dellpldlzatlon of the llpoproteln is effeeted by a series of

_31mple bateh extractlons using 75 percent ethanol and then absolute

ethanolo_ _
Hydrolysis of the delipidized protein is effected by'heeting

with highly purified constantnboiiing hydrochioric acid on a steam bath

for twenty-four hours. Hydrolysates are stored at mZOOC° when not

being used. It is to be noted that all manipulations of the 1ipoprotein
are effected in the orlglnal centrlfuge—hydroly31s tubes in order to

avoid material transfer 1osseso
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The protein eoncéntration of each hydrolysate is determined by
’the use of the quantltative Mbore-stein nlnhydrin reagent and a suitable
“proteln equlvalent" callbratlon curve whlch has been prepared from an
24 hog mixture of amino ac1ds s1mulat1ng a.gamma-or_hgjavglobplln hydroly-
sawo: | L N | |

The hydrolysates are studied qualltatlvely by small-~and large-
seale two~d1men51onal paper chromatography° The amino acids are tenta—
tlvely‘ldentlfled by their relatlve p031t10nso They are conclu51ve1y
identified by repeaﬁed chromatograpﬁy with anj.ef the compouhds‘thaﬁ are
suspected of being identicalj if further'proof is indicated,'sﬁot fests
for Spe01flc functional groups and other standard organic qualitative
ultramicro tests are performed as neededo - |

"~ The hydrolysates are studled seml-quantltatlvely by s1mple

visual comparlson of small—scale (8 in. x 8 1n°) tw0ad1men31onal paper
chromatograms run in trlplicate at the 20 and 100 microgram proteln 1evels,
| or more accurately by the markef-dilution technique in éhich those spots
containing known amounts ef amino ecids edded to sﬁeller.vblumes of
hydrolysate afe compared to those spots derived from larger volumee of
_hydrolysate conteining no added amiﬁe acids; |

Finally, the proteln hydrolysates may be studles quantltatlvelyo
The hydrolysates are subgected to large-scale two-dimensional paper chro-
matography; the amino aclds are located by heating at 100--150o C. for

fifteen minutes and observxng the fluoreseence under an ultrav1olet light.
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The individual amino acid spots are cut out and the amino.acid removed
by elution chrométography° The eluates are evaporated to dryness, gnd
'the_aminq acid determined by means of thg quantiﬁative Mooré—sﬁein
ninhydrin'reageﬁt and the standard eﬁrﬁe fér the correSponding.amino

acid.
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PRELIMINARY EXPERIMENTAL STUDIES.

Study of the Whole Lipoprotein,.
" It was hoped that the whole 1ipoprotein (except for the re

moval 6fvany'ffééﬂaﬁiﬁo-;éidé) might be h&droiyzéd'énd the‘hydfoiyséte | v
chromatographed without further treatment,

The lipoproteins isolaied* for this preliminary study were
obtained by Frank T, Lindgren and Alexander Nichols by means of repeated
differential ultracentrifugation9 similar to that procedure used for
the final quantitative study. Seven human and one rabbit sample were
obtained and storea at 1° G,

In view of the extremely small quantities of protein avail-
. able, it seemed desirable to design an apparatus'suitable for carrying
out ali the steps prior to pépervchromatography without any necessity
for transfér of the protein samples., A regular iS - ml graduated cen-
“trifuge tube was cﬁt off at the il - mlotmark;:the female (outer) part
of .a 19/22 - joint (standard taper) was cu£ off 1/4 inch from the end-
bulge and fused %o the centrifuge tube section. The final tube vas
mg@evshgpt enough to fit into a regular clinical centrifuge trﬁnion-

and head, The male (inner) part of the 19/22 joint was used to make

¥ The general isolative procedure used for the lipoproteins in this *
investigation was as follows: The lipoproteins were first removed from

the other serum proteins including the high density (alpha) lipoproteins

by a preparative ultracentrifuge (Spinco Model L). The lipoproteins -
were further fractionated into their particular components and purified

by sucessive differential ultracentrifugation till the desired ™omo-

geneity" was obtained-~the fractionation and purification processes

being followed by the analytical ultracentrifuge (Spinco Model E),
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a condenser fer;ﬁhe "cent:;fugethdrolysis" tube, The top of the male
joint‘wes'cut-off.at‘4°5 cm'fro?'tpe grouqd glaes section; a piece
of 12 mm (Q°ﬂ°) tubing was_fused to .the bottom of the ground glase
section and sealed off leaving a.small’but pointed tip., This section,
equipped with two pieces'of_A mm (OQDO) glass tubinhg, 5 inch and 6
inch long, inserted in a two-holed #00 or #0 rubber stopper would serve
as '‘a. condenser for the-centrifugemhydrolysis tube during the hydrolytic
procedure, The entire assembly is pictured in Figo-lol An ordinary
steam bath was_usea for the hydrolysis; the tubes were placed in a
5 - hole heavy brass plate (Fig. 2)-which‘rested on top of the steam
bath, |

The following simple procedure was outllned for the flrst
11poprote1n5° The sample was to be placed in a centrlfugenhydrely81sv_,
‘ “tube, and abselute ethyl alcohol added until the liquid wés 75 percent
ethyl alcohol by volume., The tube was heated to comﬁlete the precip= 
itatione(denatufationmcoagulation)o The precipitate washed with ali-
quots of,75¥pereent €thyl alcohol until washingsr(extractS) spown'ﬁe
be free of amino acidvayuihe "ninhydrin-paper" test. Hydrochloric
acid (6 N) was added to the air-dried precipitate and hydrolysis ef-
fected by heating on a steam bath. The progress of the hydrolysis was
tovee:followed by peper—chrometoéraphing smali eiiquots-ef the hydrol-
'ysate'remoVed at various time'intefvalso |

- The first sample'studied was a 5 Sf* lipoprotein containing

* One S_ unit represents a flotation rate of 1 x lO =13 cm/eee/ayne/gm
in a sodfum chloride solution of density 1,063 gm/cc at 26° G,



10 mg component and about 2 mg protein in 0.7 cc. A 0,50 cc sample

was pipetted into a centrifugenhydrolyais tube. Absolute ethyl alcohol
was added dropwise until the final volume was 2.0 cc. A yellowish
flocpulent (voluminious) coagulum formed after a few tenths of_a milli~
liter of alcohol‘had bean added° By the time the rest of the alcohol
had been added the coagulum had settled down as large particles, The
liQuid'was stirred with a glass rcdoerhe tube was sealed with a piece
of "Parafilm® and centrifuged for 5 ainateslat33000 rym, the supernatant
was clear; a yellow, resinous, compact precipitate was at ﬁhe bottom. -
The supernatant was chacked for the presence'of frea amino acids by
placing an aliquot on a piece of filter paper (Whatman #l1), air-drying,
spraying with a ninhydrin;butan01lsolution (OOZS_percent niahyd?in),
andﬁheating at 80° C, in an air-oven, The resulting color was compared
with valine standards prepafed simultaneously iajthelaame way. The supefe
natant gave a color reaction equivalent to 0.5 mg valine per ml, Re=-
moved supernatant without stlrrlng, added O 5 percent ce 75 -percent
ethyl alcohol," The n1nhydrinspaper test indicated aboutgool ‘mg/ml or
less; This washAWas removed by careful pipétting*o' Hydrocholoric

acid (6 N) 1.0 cc, was added to the m01st lipoprotein mass, the tube

was heated on a. steam bath for 24 hourso Samples (200 mlcrollters)

were removed at end of 10, 22, and 24 hours for chromatographic assayo

¥ It will'be'noted that no effort was made to check completeness of
precipitation nor to remove any more lipid than might have been removed
by this mild procedure, :
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Atlend of the 10 hour period a small drop of light brown oily material’
was floating on the surface of the hydrolyzing liquid; this droplet
remained without apparent change at the end of the hydrolysis. The
oentrifugeAhydrolysis tube was very satisfactory; no appreciabie loss
of hydrocnloric acid occurred., Aliquots of the hydrolysate at the

various stages indicated were studied by the ninhydrin-paper spot test and

.showed -that in so far as total amino acid color was concerned, the

hydrolysis may=be almost as complete after 10 hours as after 24 hours;
paper ohromatography of these lOJhonr aliquots , indicated that appre-
ciable quantities of nlnhydrln-reactlng material remalned at the point
of application of the sample to the papero These.prellmlnary chromat-
rograms presented a rather confu31ng plcture probably due to the. presence
of a large brown spot where. several of the ‘amino -acids and/or peptides
should have been (R. O 2 - 0, 3) Further chromatographic study of the
flnal hydrolysate 1ndlcated that this brown spot was tying up several

ofethe am;noieoids;»d;stlnot_fluoresc1ng spots corresponding to only

.S:eninogaoids were'obtained.on'extenSive heating (105°C) of the papers

in edditiongtoﬁthe‘brown'Spof which had given -an intense diffuse brownishe
blue'fioufescenqe'nith ultraviolet_lighf and3e reddish-olue background
with:ninhyarinb ‘There seemed to be no alternetiﬁe but to remove the
1nterfer1ng brownish* materlalo,'Two possibilities for the removal of

the 1nterfering material were brlefly studled’

% . No special attempt was made to study the nature of this interference

v‘beyond the ‘attempts made to remove it as discussed above.
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1. Removal of the material from the final écid hydrolysate
by extréction'or‘some other means, and » o .

2. A pre-hydrolytic extraction of the coagulated. lipoprotein, -
Removal of the interference from the final acid hydrolysaté was attempted
first.” The hydrolysate was extracted with three times its volume of
- diethyl ether by vigorous prolonged shaking. The two phases were chro-
matographed (one-dimensional paper) the diethyl ether fraction contained.
none of the interfering brownish material; the aqueous fraction gave :
~essentially the same chromatogram as it did prior to extraction. Sur-
prisingly enough, chpomatography of the original 75 percent_ethyl al-
cohol supernatant obtained from the original precipitation of the lipo-
- protein (removal of free amiho acids) showed appreciable amounts of
this brownish interference. It ﬁas rather obvious that the better
appfoach would be the removal of the brownish interferénce'dﬁring the
pré—hydrolytic treatment of the lipoprotein.:

- It seemed reasonable to assume that the brown interference

was a more or less complex mixture of 1lipid and lipid-like materials -
derived from the precipitation and subsequent hydrolysis of the lipo- -
~protein, The behavior of this substance was reminiscent of some une -
published studieslo’ll with lecithin and other lipidsxsuch,as cholesterol
and‘tr%glycerides -- especially those lecithin-containing mixtufes;that
were old (paritally oxidized)., -In view of these observations, it seemed
best to repeat this preliminary study using a 75 percent'gthyl alcohol

solution. to> extract the free amino acids and any of the lipid. that
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mlght accompany this alcohol_water solvent, and then absolute ethyl

v

alcohol to remove as much of the 1nterfer1ng lipld as p0831ble°
A 7S llpoprotein was selected for the study of the removal

of ‘the brownish lipid 1nterferenceo A O 05 cc sample (approx1mately
© 5 mg. llpoproteln) was placed in a centr:fuge—hydroly31s tubeo Absolute
ethyl alcohol was added dropw1se, prec1p1tatlon began when O, l ml had
been addedd .The addltion of_the alcohol contlnued until the final
volume Qasd2;0_mlﬂa The mixture was stirred and centrifuged. The super-
natahtxaas:remoVed and the‘eatractioﬂfrepeated with 1.5 ml of 75'percent
ethyl:alcohol?choth'superhatahts were found to be low in amino acid
rcohtent (nihhydrin paper test).. The residae was dried in vacuo at
room temperature° ‘Absolute ethanol5 2.5 ml,'aas added to the yellow,
: plastic mass°> The mixture was'vigorouSly stirred for several minutes
and left standlng for 30 minutes ho'noticeable-dissolation or othef
change was apparento It was thought that heatlng on a steam bath mlght
accelerate any changes ‘that mlght be occurrlngo Accordingly; the centrie-
fuge—digestion tube contalnlng this sample was heated 70 - 75 C for
2 hours,_ The only change seemed to be that of some darkenlng of the
'yellow'masso The mlxture was contrifuged, the supernatant removed and
the l;poproteln drled in vacuo as before. | |

) | Obviously, the bulk of the llpld remalned attached in some
manner‘or other; to the protelno It Seemed 1nterest1ng 10 try a more

effectlve fat solvent such as a chlorlnated hydrocarbon for removal of

the lipid°= Chloroform seemed a good ch01ce, 50 3 nl were added to the
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brownish mass and refluxed for 30 minutes on the steam tath. 'An ap-
preciable fraction of the.brownlsn solld seemed'to go into_solution°
Suspension was centrifuged for 5 minutes,‘tne solidgnarticles floated -
to the top and nad to be separated by pouring the entire:suSpension
onto a pad of filter papers (S and S Analytical, #576 18:1/2 cm).
The paper was alr—drled and the particles returned to their orlginal
centr1fuge—hydrolys1s tube, The partially dellpldlzed protein was
hjdrolyzed by adding loO.cc 6 E_HCl and heatlng on the steam bath forn
24, hours, The hydrolysate looked quite clear and light brown with
small specks of dark brown particles at the oottom;.the ﬁartioles )
constituted aoout 10 percent (by volume) of the'pre-hYdrolyticllinid->
protein., 'Tne hydrolysate was thén checked by one and’two-dlmensiOnal.
paper chromatography° The "brown“ interference had disappeared to_
the extent that it was no 1onger v1sible except by its fluorescence
with an ultraav1olet light source; nevertheless enough of the inter;
ference remained so that several»amlno acid spots merged togethero
It was obvious that even more of this interfering material wonld haveh
to be removed, | |
These prelininary runs were repeated with theisame resultso
In vlew‘of the_fallure to eliminate theiinterference material by these
preliminary trials, it was thonght worthwhile to pause and study the

whold llpoproteln itself in the hope of securlng some clues as to the

nature of thls ‘strange, unstable llpoproteln and some better technlques

for handllng it before and after hydrolysiso

4"3
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Chromatography of the Native Lipoprotein.

Amqhé the:many approaches that occurred to this investigator
at this stage was that of devising some better micro-procedure for
the removal of the lipid before the liproprotein complex underwent
extensive modification as was obviously the case from the above pre-
liminary experiments., _

A considerable‘amount'of work had been done (1948-1949)
in:this laﬁoﬁatory in an'attempt to chromatograph whole native pro-
teipso“ Egg aibumin, whoie eerum, hemoglobin, trypsin, thyroglobulin
and;other,prdteinS'were studied principally en filter paper in aqueous
gediab -Moderate success had been achieved in-separation of various
mixtures i@foneedimensional chromaﬁograms but the'work was limited by
the’iackzofusﬁfficienfly‘seneitiveYSpecific reagents for the detection
of the micro amounts of the proteins on paper and by a lack of knowledge
and sklll 1n preparlng and handling the easily denatured proteins,:

This work was never published, but along with the recent work of other
1nvest1gator512 13, 14’15 16 3¢ conflrmed the feeling that successful
chromatography.or adsorption analysis of many if not ‘most of the
~prpteins wouid be_a’logical developmen£ of the next decade,

The unusual properties and the avallablllty of these new
-andvrather unstable llpoporteln components seemed to indicate that paper

achromatography;mlght yleldvsome_;nterestlng 1nformat10n regardlng not-
only-thealipqprotein components themselves but alsc some ideas as.io |

impfeving the. technique for separating proteina by chromatography.



=20

Fortunately Drs. Richard Lemmon and William Stepka of'Prpfé_Melvin
Calvin®s photosynthetic group, having had considerable-success in
detecting a few micrograms of tyrosine and other compounds containing -

diagotizable groups by means of the modified Pauly17

test, suggested
that the Pauly test might effectively‘be applied to the detectidn
of small amounts of protein on paper,

-Pauly Test: The following solutioné ‘are made up. . -

Seln., 1., 1% ag. sulfanilic acid plus 8 ce conc, Hcl for:

each 100 cc of soln. |

Soln. 2. 0069%Aof NaNO,

Soln, 3, 10% soln. of Nay003.
Mix equal ﬁolumes of solns, 1 and 2. Make up fresh every day,* Then
spray on paper chromatogram using a fine spray (ef. Fig. 3).and- avoid-
ing a great excess of reagent. Dry¥¥* at room temperature with a fanj -
then spray with solution 3**¥c

The Pauly test was checked with egg albumin} 50 micrograms

per sqg. cm of Whatman #1 filter paper seemed to be about the lower

* It was found that this initial spray reagent was stable for at least
3 or 4 days if stored in a refrlgerator at O°degrees Co

%% Drying was necessary for obtalnlng unlform appllcatlon of the .
Na>CO; solution and for preventing the reagents from running all over.
the paper,

*#% Use a gas mask (full=face type coverlng the eyes) for all spray
operations, : RS



=21~

limit_of Fhislp;oge@ureo _It appegred,>however? that the test mightm_
be made more sensitive thus eliminating the necessity for overloading“
the paper chromatogram (protein overloading decreases greatly any pos=
sible sharp‘resolution of the different proteins). It was soon found
that it was difficult tovsecure complete reaction by a single spray-
ing of each solution without greatly over-wetting the paper, meking

the péper-simos£ impossible -to handle, Te effect complete reaction,
the SUlfanilic-nitrite solution was sprayed on three times with drying
at room tempefature after each application; this was followed by spray-
ing:fhe baper~With carbonate solution three times and again drying
éftér each application, ;After this careful spraying, the papers
'uéually had a yellow and/or brange;béckground that sometimes obscured
the color of-the diazotized rotein; this color background could be
vcompleteiy]gliminaﬁed'by*dipping the papers in a beaker of cold run- -
ﬁingvtgp ﬁater to rémo§e mosﬁ of the color and then hanging for about
5 miﬁ°>in_é'cyliﬁder,of‘diStilled watér; The paper was then dried in -
an aisttféém at room tehperatureo It was usually sufficieni to examine
“the developedipapers in visible light; if, however, there was any doubt
abgutfthe-pfeéence 6f,a'spot, examination over a good ultra-violet .
light soﬁrée'ﬁas usually‘efféctive_in doublipg'or tripling the sen-
sitivity; eByauéing this,multiplé spray modification and ultra-violet
3exahination;itiwas;fOuna possible to detect 10 micrograms (per sq. |
gm,cffWhaﬁman*#l'filter.papér)*of several proteins. This sensitivity
was'thOughtﬂéﬁfficieht to . detect chromatographable quantities of at
leaétréomé of ﬁhé.lipoproteins9 especially those with S.f = 6 (~25 per-

cent protein):and Sp = 13 Q;12 1/2 percent protein).
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o The initiai chromatogrephic experiments were performed with
a series of components having Sf‘values of’é, 13, and higher, 1Aliquots
of the 'samples were placed 10 cm from the ends of strips of Whatman
#1 filter paper,18 in. x 2 in.; the samples were air-dried and devel-
oped’ chromatographically in sets of four by suspending them froﬁ the
cover‘of_the top éf a glass cylinder (18 in. high, 6 in, diameter)
containing 250 cc, distilled water (Fig. 4). 411 chromatographic
development was performed in a constant temperature room.- The devel-
opment.was complete in eight hours. The strips were immediately air-
dried. Examination under an ultraviolet light source revealed a faintly
_abgorbing:;”spot at the stérting position and gn;intensely.fluorescing
round or slightly elliptical spot abou£ halfway up the paper, ‘The |
Pauly tést revealed that all the"protein was at the‘stérting position;
apparently the intensely fluorescing spot was .either part-or all of
the lipid or, very improbably, some non-lipid associated witthhe»lipid
moiety of the lipoprotein. |
| . The thoroughness of the denaturation-coagulation of the
protein moiety was quite unexpectéa; previous studies with impure and
purified globulin preparations had‘always revealed some movement -or
at least extensive tailing in the direction of the solvent., Even -
more surprising was the consistent, extensive movement in distilled-
water of the lipid material as a sharp spot.
It was soon discovered that the denaturation-coagulation
of the'protein moiety could be completely eliminated by preventing

the sample from drying on the paper prior to inception of chromatographic
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developmentc ‘The procedure was-modified to prevent evaporationa The
sample was applied quickly and the paper strip immediately suspended

iﬁ a duplicate chromatographic cylinder or chamber containing a wet
sponge (Fig. 4);_when four strips had been prepared, they were quickly
rlunged into a chamber containing distilled water and developed as
before, Examination of the dried papers with an ultraviolet light

' révealed‘only one spot,.-a spot similar to the lipid spots obtained
with the dried samples; there was practically no ultraviolet absorbing
region at the starting position. The Pauly test revealed that'the
protein had moved as a very sharp, elliptically shaped spot near the
middle of the more diffuse fluofescing lipid=like material, This move-
ment of the'protein was evidenced by all of.the lipopfoteins components
studied with S, values ranging fror;l L to 100, In :view of the large
amount (about half) of lipid.material overlapping and hence not di-
rectly associated with the protein, it seems reasonable to conclude
that, during chromatographj at least, the "nativé“ profeiﬁ is associated
with only a paft‘of_the lipid. The question of whether such'@artiali
association of the protein with lipid exists in the native freshly
prepared lipoprotein or whether it represents a partial dissociation
induced by the mild surface forces of paper chromatography cannot be .
answered at this time although this work does suggest that chromatography
might be an interesting technique for evaluatingvthe_napuré and extent
of the association of lipid and protein in the native lipoprotein.

It can be concluded, however, that the lipid-protein "association®



is not asvstropg‘as had been:anticipated and therefore any attempts
to femqve the 1lipid fraction should be restricted to-mild extraction
" procedures,
The results with "dry" and "wei® sampleé of lipoproteins
was confirmed by repeating this work with a p3? flﬁbelled lipoprotein:
prepared in this Laboratory by Mr, Deaﬁ Graham; all of ‘the P32 was
organically bound and presumably associated with the lipid fraction,
In case of chromatographically developed dry samples, all of the radio-
activity was associated with the lipid fluorescing spot (R%'= 0.5);
with wet samples all the radiocactivity as well as all.of the protein
was associated with this lipid-like fluorescing spot. - These'P32 ~-tagged
experiments increased the feeling that most if not all .of the lipid
was to be found in these intensely fiuorescing spots of Rf = 0.5 - 0,6,
The lipoproteinS'demonétrated another chromatographic property
in common with other proteinss- If a paper strip is loaded with an
amount of protein greater thdn 50 migrograms'per square centimeter
Aé phénoﬁenon that might be characterized as “o§erldadiﬁg".oCcursvin
which the movement of the solvent front is slowed down and the protein
Re value is increased at the same t:ﬁneo OverlOadihg with the various
lipoproteins usugily began when more than 200 migrograms.of lipoprotein -
samﬁle had been added to eéch square centimeter of paper ‘at the start-
_ing position; in the 250 to 350>micr0gram;pér square cenfﬁmeter range, -
the rate of movement of the solvent is slowed down about 30 percent

and the Rf values are increased to about 0.8, the lipoprotein now
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moving as a,band.acposs the full width.of the paper instead .of as a
compact.pot. Overloading the paper with dry samples, thus removing the
¢prot¢in,'resultsMiﬁ essentially the same phenomenon of "overload}ng”_
as given by the undenatured lipoprotein. . We may have here somevclue,
as to the nature of protein overlpadingg If it can be assumed that
the dqproteinized,lipid is present in a state of colloidal or‘micglm_
lular aggrégation similaf to proteins and lipoprotéins, then the
phenomenon of protein overloading is characteristic ﬁot necessarily
of proteins but rather df'large molecules or particles, Hence, it
might be expected that the phgppmegqn ofvgverloading in_chromatography.
might be;expegﬁéd for any éolloidal substance.. In the final analysis,
.overloading probébly represents'a»bregkdowﬁ'iplthe chromatographic
processes with the resulting ﬁovement of the substance by mere mechan-
‘ical;forceso Lo

'-_Figally; some«éfpempbvwasrmade.to separate mixtures.of tWO
or moré_lipopfotgin éompoﬁents uéing'only‘distilled water as the de-
velopingﬁmediums-.Nb;distinct_separations were achieved.. This inves-
tigationwwas'too iimited toﬁpermit-of.ethnsiVenspeculation regarding
theufgasibiliﬁy of,suqh,separayions by éhromatographic techniques;
much more‘iﬁfdrmaﬁipn would have to 5e secured regarding the chroma- .
tographig.propertigs of:single.hémogengous’lipoprotein_compcnents be=
fore any;inteliigent attempt‘céuld:be made to separate mixtures of .

" these components,
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In conclusion it might be pointed out that these investi-
gations suggest interesting possibilities not only for the characteri-
zation of the native lipoproteins but a1so for the isolation and further
study of ﬁhe lipid moiety as wellof'And, in so far as ihis investi-
gation is concerned, these chromatographic studies of the whole lipo-
protein suggest that the lipoproteins can be.readily'delipidized by
comparatively mild extracting conditions without resorting to extensive

¢

pre-treatment of the lipoprotéino

Further Attempts to Remove Lipid;;gjerference;

- The work with whole native lipoprotein components in paper
chromatography simply supported the feeling of this investigator that
the 1lipid interference could'besﬂ'be:removéd by using a series of
ethanol-water and ethanol extréctions under mild conditions thus aviod-
ing any extensife oxidativévand/br polymeric changes which would de-
crease greatly the solubility of the lipid moiety of the molecule,

| A freshly prepared 6 Sf ;lipoproteip (slightly-inhomogenéous,
Code #22r—lOT°=2), 0.5 cc containing 5 mg liproprotein, was place@
in a centrifugé-hydrolysis tube, Absolute ethanol, 1.5 'ml, was added’
with vigorous stirring. A yellowish white fibrous cOagulum formed;
the supernatant was removed by decantation after centrifugation.
The mass was extracted three times with 2-cc° 75 percent ethanol,
stirring centrifuging, and decanting each time. This was followed by

three extract ons with absolute ethanol. The absolute alcohol removed
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more of the libid and all pf the yellow color,,lgaving a whitish, gel-
like méss; The gel was air-dried to give a white solid., Hydrochloric
acid, 1 cc of 6 N, was added to the solid; the tube was placed on a
steam bath for 24 hrs., Aliquots of the hydrolysate were chromatographed
by small scale¥ one- and two-dimensionél paper chromatography. Ap=

" parently the brownish lipid interference had been completely removed;

if any remained, it was simply another ultraviolet fluorescing spot

that did hot.interfere with any individual amino acids or their distri-
bution pattefno '

A_Thé modified procedure for delipidizihg was next tried on ,
three freshly prepared lipéprotein componehts that were more'homogeneous
than the samplevstudied above s

1. /1R, 2;;0 T4 - éontaining highly ﬁurifieé 6 Sf lipoprotein.

L 25‘ 37R5“9—l5 Tl'f'containing component with Se = 13, '

3°, 4iR;Tl - containihg cémponénts with Sf = 17 to AO;
Whén-theSe'éaﬁples'Were subjécted.to,thé precipitation and extraction
procedure déscribéd_above,'hydrolyzed, and paper-chromatographed, it
was found that'ﬁhe‘lipid interference had been satisfactorily eliminated,
In each case{ja'whife, gelatinous'propein was_obtained after the ethgnql
exﬁfactions; EHence; as far.as this investigation was concerned, enough
of the iipid had been removed td.permit a rapid qualitative study of

the amino acid composition of the protein moiety of any of the human

¥ To be described in next Section.,
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serum lipoprétein compbnents~with ultracentrifugal flotation rates
(Sf) frqm 4't0m40, and? ééjsﬁbsequent{studies were to dgmonétrate,
up to an Sf value of 300 and eventually from 400.and up to about

100,000 (chylomicrons). -

Large-Scale Descending and Ascending. Paper Chromatography -

raphy One= and Tio- Dimensio

i+ . Descending

Paper: Chromatdg:

Although large-scale desceﬁding paper chromatography had
not as.yet been employed in this investigation, . it séems-appropfiate
to describe the technique at this time: . npt.only was large-scale .
paper chromatography used extensively throﬁghout the rémainder of
this investigation, but the newer small-scale, ascending paper chro-.
matography is only a slight modification of the older large-scale
technique; K

Follqwing the.lead,of‘ﬁheﬂEnglish,investigators'Gordon,

Consden, Martin, Syngelg,;eonsiderable_effort_invthis Laboratory from

1947 to 1950 was expended in designing suitable equipment for develop- .

ing and handling large-scale one- and twp—dimensional descending paper
chromatograms; |

A - In so far as its operdtional principles are gqncerned‘paper
chrématography is. simple enough: It_copSiste of applying a sémple.

of the substance to be analyzed to a small area of a p;ege 9f filt¢§

paper, the point of application being away from the edge of the paper,
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The edge near the sample spot is placed in-a suitable solvent trough

in such.a way_és'to hang freélyo The chfomatogram is "developed" by
adding an éppropriate solvent to the trough and tgen'permitting it

v to move down the paper by capillary action until it approaches or
reaches the end of the paper, The entire operation is carried out

in a gésatight‘éhamber in order to maintain a saturated atmosphere

and to prevent drastic aiterétion of the solvent system by evaporation
from the extehsive surface bf]the paper. At the end. of development

the paper chromﬁtogram is removed from the chamber and dried at room
temperatures ér_in_an air ‘oven. This gives a so=called "one-dimen-
sibnai" ch#ométqgrama If successfglly perforﬁed,rthe components of

the mixture Wili be_satisfactorily separated or resolved along a straight
line and the chromatogram‘is ﬁow_ready for further étudye If the
résolutiongis inadequate;vas,is frequently.the case for complex mix-
tﬁres of ﬁhe‘similar compéundé thatbafé usually separated by chromato-
graphig»ﬁechniqﬁes,‘fhen¢tﬁe*9nefdimehsional.chromatogram is repeated
using’g,laggQNSQUarevsﬁeet’qf paper‘ih:the'following manner s The
sample is plgéedvneér‘one'Caner away from both edges: of the paper,
One.edge,is_held:inva Suitable'soiyent trough and the first solvent

is added asJ£n'césé.of the oﬁe-diménsionai runSOHVWhen development

is compiete, the paper is dried;fthe edge next to the line of partially
reéolved compoundé‘is then dipped into‘é clean solvent trough and as
éecond!s@lfent‘differénﬁifrém the first is added. The paper is de-

veloped in the "second-dimension", air- or oven-dried, and is ready
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for further study. Once the spots have been located with the help
of various physical and/br,qhemical agents, some qualitative information
can be secured from 1) the distancevthe spot moves relative to that
of the solvent front (Rf value), and 2) the relative distribution
pattern of all the spots. The procurement of further qualitative
and/or quantitative data will be described in the remainder of the -
dissertation; in fact, it has;beeﬁ thevcentrél technical problem of.
this investigation, |
Two kinds of apparati were found to be effectively convenient

for one~dimensional descending paper chromatography. For narrow strips
(1L in. to 1 l/é in,) it is éood to use & doughnut-shaped éolveﬁt trough
as the solvent reservoir to help maintain é vaporusatﬁrated atmosphere;.
the entire assembly is enclosed in a large glass cylinder fitted with
ground glass end-plates. Twelve to sixteen strips can:be developed
at one time (Fig. 5)}, For broad strips (1 3/4 in. to 2 1/2 in,) it
is sufficient to use grooved bacteriological Staining dishes resting
on a modified wooden funnel suppbrt; three of these staining dishes
with their support can be placed in a glass jar (18 inc height, 12 in,.
diameter) fitted with a ground giass cover,  Three four-inch clufure
dishes are.uséd as the solvent res,ervbirs° Six strips can be develqped
at one time in this apparatus (Fig. 6; cf. also Fig. 7 for a smaller
unit). ﬁ

. Somewhat more elaborate épparaﬁus is required for large-

scale two-dimensional descending paper chromatography than for the
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ooe-dimensionalg‘ The. . following apparatus has been used with consistent
success for'all two&dimensional paper chromatography in this‘Laboratory
for over-four‘yeabe The_solvent.trough is made by cutting lengthwise
a 27-inch piece of élass~tubing'(l 3/8 in, diameter) and sealing the
ends by fusing with semicircular .glass plates. - The solvent trough

is suspended.in sngle.slots at the top ends of a paraffined chamber
made of-two window-sashes and heavy wooden sides. A glass frame (27 in.
long, made of 1 cm glass rod and 1/2 in, wider than the solvent trough)
is placed!on-ﬁop of the solvent trough; this frame serves to hold the
paoer upsand aWa&‘from.the,trough edge. The filter paper to. be chro-
matographed 1s folded 3/4. 1no from the edge to be dipped into the
solvent*’a SpeClal ‘glass: rod (24 in. long, prepared by bending up and
back_thelérin,-epds of a.36 1n°-long glass rod of 1 cm diameter--the
ends for'extrsvweight and'fos convenience in adjusﬁment and removal)

is placed in the paper fold, and the rod and paper* placed in the
'solvent trough, one end of the glass rod is held upright by means of

a slotted wooden block° The-solventnls added.slowly through a long.
stem funnel that is‘kepﬁ pressed,tightlyvdown on the middle.of the
glass_rod:dppil_the:solvent’has,crept_et least to the top of the glass
ffame**o:,The:chember_is gow leveled fo the_poiﬁt_ﬁhere-the solvent

* Tyo papers. can'be run Jusf as conveniently as one; the two creases
oppose each other under the rod and hang over the opposite edges of
' the glass frameo,' ' : ;

¥ Otherw1se the movement of the paper. as it. wets and folds over the
glass frame iIs vigorous enough to "float" the glass rod and loosen
the papers . - :
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surface is the same distance from-tpe'top of the g}aés”rdd along its
entire lengfho"The cHambér;5thé bottom oz which has been cévered ﬁith
open shallow véssles serving as aiSolventrreservoir, is now sealed
against evaporation and opened only when the development is complete
(Fig. 8); The papers can be removed individually, but the large size
of these filter papers, their wet, weakened condition, and the highly -
objectionable harmful odors of the solvents usually used in paper
chromatography combine to make individual removal at best sloppy tech= - -
nique,- The following procedure was' devised to avoid handling the -
individual chromatograms until they were dry: When development is
complete,'thé excess solvent in the trough is siphoned off.. Sfainless'
steel frames, designed to hold the solvent trough.and glass frame.
firmly together and having aihole in the middle for a rod and a hooked
end for hanging, are Siipped over the solvent trough'énd;gla§s frame

at each end, .and a heavy inetal -rod-is sliﬁped’ﬁhrdﬁgh'théihoigs-iﬁ the
steel frames and the ends bolted‘(Fig9'9); the entire assembiy is now
quickly removed by meansibf the long rod, and transferred to an air-
dryer. At the end of about an hour, the glass rod used to hold the
papers in place is removed to permit the paper edges in the trough

to dry more rapidly. When dry, the paper is chromatographed similarly -

in the secwmnd dimension,

.‘ﬂg@“ Asoenﬁing Paper Chromatographv Oneé and Two- Dimensional

'AéCending chﬁomatography differs fundamentally fr6m5déécénding

chromatography only in that the solvent moves up against gravity. In
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Pyaétice'this*fesults-bothAin slower solvent movement and in definite
limits d@s to'how far the solvent-éan'move irrespective of time of
development¥, -~ The iimipafions of -ascending solvent flow place definite
restrictions on the possible resolving power of any solvent sysﬁemo
Hoﬁever,’the solvent movement is.-quite rapid during the first eight
hours and the resolution for that time and for the distance .covered

is much greater than that for any corresponding descending chromatogram;
these facts were the basis for the development and extensiée use in
this-inveétigation'of smalléscale ascending one= and two-dimensional
chromatography. Furthermore, the equipment required was simple, cheap,

and easy to cbnstruct;fall that'was-required was a test tube, jar, or

# For the solvents used for amino a¢id resolution;, the rate of move-
ment was as follows:

Time of Run - : | | Distance

Hours : . Inches
1 . 3
8 : 8
16 ‘ ' . 12
24 ' 15
48 L : 15

As yet no explanation for this stopping of the solvent front has been
put forward. Since the movement is by "capillarity" against the force
of gravity, it may be plausible to argue for a situation somewhat -
analogous to that of the classical movement of liquid up a capillary
tube, - However, some recent unpublished-experiments by Karler and
Hoegerl? indicate that this is at best only part of the explanation,
These investigators carried out a series of ascending chromatograms
under conditions in which there was no evaporation of solvent from the
surface of the paper (Fig. 10). - It was found that, after the first
days movement of six inches under the especial conditions of these
experiments, the solvent front progressed steadily until the end of
the experiment (14 days later) at the rate of 1 1/4 inches per dayo



other chamber equipped with_a eealeble top from which the papers coulg
be suspended, Since smallmscale'ascending chromatography was so vital
to £Hé qualitative and semi-quantitative aspects of this investigation,
the subjec¢t seems worthy of detailed discussion and is- presented in
the next and some of the succeeding sections,

As implied above, large-scale ascending chromatography proved.
to be of limited value in view of solvent movement being restricted
to a maximum of about 15 inches. Nevertheless, itewas sometimes found
-efficacious to develop large two-dimensional chromatograms by ascension
in one-dimensional and descension in t‘he‘other° A Simple apparatus
was.designed for thisvpm‘:'pose.° It consisted of a large pyreX=glass
jar (12 in. x 24 iﬁ;) with "handles" made by pushing in the glass
wall and a gas-tight ground glass cover; the paper holder is prepared
from a circular piece of wood attached to another pieee of wood which
rests on the handles (Fig. 11)0

| It was also(found thai separation often analogous to large-

ecale (20 in. x 20 in.) descend'ing‘ two~-dimensional chromatography
could be obtained by mediumeséele (11 1/2 in. x 11 1/2 in.) two-di-
‘mensional ascending ehrematographyo ihe apparatus consisted of a
pjrex glass jar (12 in, height, 12 in, diameief) fitted with a weoéen
cover (rubber weathernstripﬁiﬁgvused as sealer), to which wes'attached |
‘a_circular plece of woed that sefved-as the'paper holder,

It might be pointed out that the limitations of ascendlng
chromatography described above are restricted to the leW'mov1ng solvents

used ordinarily in pep er chromatography, they do not apply to fast
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movingrsolvepts like distilledawater-§f~dilute-salt solutions, As”a
matter of fact, ascending chromatography can be used effectively in
decrea51ng the speed of these fast=moving solvents to the point where
the adsorptive processes can become effective enough to resolve many
compounds (especially larger molecules such as proteins) that cannot
be resolved‘by,thé same solvent s&stems.in descending chromatography.
The successful use pf~£his slowing=up by ascension has already been
described in:the .chromatography of .the-whole native lipoprotein (cf, .

_.Fig,r42for:typical.run)o

Development of Small-Scale Paper Chromatography.

-'The small-scale paper. chromatographic .procedure used above
to check ‘the protein hydrolysétes.for the removal of the lipid inter-
- fererice was ‘only one of several modifications of the larger scale
ascending type of ‘paper chromatogram descrlbed by Karlerzog Williams
and Kirbyzl;‘andJCrumpler and'Dentzzo It was thought that working on
a smaller scalé tﬁan‘that involved with 18 in, x 22 in. sheets might.
havé’the following advantégesgover-ordinary paper chromatography s
© 1. -Save timeo; It requires ‘about 48 hours to develob and
‘dry an ordinary (18 in, x>22 in.) two-dimensional cﬁroa.
-.mafogrémofAnyytime”saved wbuid be important when lébile,
“compounds or fadioactive‘materiaIS‘Were being éhrOmatom
:‘graphedo' |

: 2;*”Simpler,‘chéapér apparatus. Less of the - carefully pur1=

- fled and prepared solvent required.
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3. Small papers are easier ‘to manipulate, especially dﬁring
the drying pfoéésse
4, Smaller, more intense spots resulting in an increase in'
in sensitivity of the proceudre and consequently mu¢h
smaller amounts of protein hydrolysate mightbbe analyzed,
The test-tube procedure of Rockland and Dunn23 prbvided
the initial stimulus for thié small-scale procedufe,‘ Rockland and
Dunn, however, restricted themselves to smail—scale onesdimensional
work; it seemed to this inveséigator that a small-scale two—diménsional
papervchromatogram.would be a very useful extension df Rockland and
Dunnis fast, sensitive test-tube‘procedui‘eo | |
The.one-dimensidnal;rups'of Rockland and Dunn were'first
studied fo chieck their claims for'speed, sensitivity, and effectiveness
in resolufion° A piece of filter paper (Whatﬁan #1) 150 mm long was
Acut with a taper 24 mm wide at the top and 16 mn wide at the bottom.
' The sample to be chromatographea was placed 25 mm-from the bottom’
within a circle of 6 mm diameter, The samples were dried in a stream
of warm air (30° C). Bach strip'was placed in a test tube (22 x 175 mm),
the bottom of the strip just touchlng the bottom of the test tube.
The unit was placed in a constant temperature room (30° C) for equili~
bration. Water-saturated (at 30? c) phenol, 1.0 ce* was added to the

bottom of the tube by means of a calibrated tfansfer pipette. The

# Later 5, O cc was used as the standard volume of solvent for these
_test tube chromatograms,
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tube was placed in a stable upright position énd lightly stoppered
with a cork (cfo Fig, 12). In 2 hours, the solvent had climbed 2/3
of the distance; in 4 1/2 hours the solvent had.fegched the top'of
the strip. The Rf“s and the resoluiion obtained by this ultramicro
procedure were comparable to those obtained with descendlng one=di-
mensional chromatograms 500 mm long requiring five times as much time,
Rockland and Dunn's results were quickly confirmed; all in all, there
seemed to be no reason why tﬁis micro modification could not be suc-
cessfullyjextended to two-dimensional chromatfograph&*am

' The first small scale tgo-dimensional runs were made in
pyrex glass jars 8 3/4 in. deep and 4 3/4 in. wide (Leyden Jars).
The covér for the jaf was made of a piece_cf 1/4 in. wood,
51/4 in, x 5 1/4 in.; a #12 cork (3 1/2 in. diam,) was attached,to a
blo¢k'of wood 2 in. x 2 in, of such thickness that the bottom of the
cork was about 8Iin°'from the bottom of the Leyden jar when the unit
was nailed ﬁo the covéro ‘A piece of slashed rubber tubing9 l/l in,
dlameter, pushed onto the rim of the jar served as a seal when a lead
brick was placed on tqp° Sheets of Whatmen #1 filter paper were cut
in squafes (8 in, x»8»ino)o The sample position was marked by a circle
6 or 10 mm in diameter located in one corner 1 in, from each edge.

The samples were applied in 5 - microliter aliquots, each aliquot |

% The use of a tapered piece of filter paper in a test tube worked
so well that the technique was extended to running full length one-
dimensional paper chromatograms in large 18 in. test tubes
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dried in a stream of warm (30°-G) air prior to the addition of the
next 5 - microliter aliquot. The tops of two undevelqped'chromato;
grams were thumb-tacked to the perimeter of the co;iég 50 cc of
water-saturated (309 C) phenol was added to the bottom of the'Leyden'
Jar, and the jar's covers with the attached cork and papers lowered
onto the top of the jér and weighted with a.lead brick. As usual,

the runs were made at 30° G, In 2 hrs the solvent ﬂad risen 4 in.,

in 4 1/2 hrs about 6 in., After 4'1/2 hrs the cover with its attached
papers werevplaced in a 'small drying chamber and dried in a stréam

of warm air (30° C) for 2 hrs, The pépers‘were then rémoved, rotated
90°vand attached as before tc a new* wood-éork cover, One hundred##
milliliters of the water saturated (300 c) beutanolmacetic'acid mixture
were placed a2t the bottom of a.élean Leyden jars the cover with the
attached papers‘was lowered and sealed as befo;eo.'Thé solvent rose

6 in, up the papers in about 4‘hfs; the pépers were removed as‘ééfofe
and dried for 1 hr, Each pair of chromatograms were run as_duplicates
in eéch jar; one of the developed chromatograms was placed in an air-
oven set at 110° C in order to bring out the ultra-violet fluorescence
of the amino acids, and the other was sprayed 3 times with 0.25 per-

cent niphydrin in E;butanolo The results were encouraging: - When

sprayed with ninhydrin, chromatograms of the original delipidized»

#¥ Tt was necessary to avoid contamination of the second solvent system
with any traces of phenol that mlght be associated with the phenol-
absorbing cork and wocdo S

## It was thought 100 ml would speed up the run,



6 Sf-}ipoproféin (22R—lOT;=2) hydrolysate revealed 11 very distinct,
intense, and varied-colored ninhydrinJSpth=~phé'spotSvpossessed more
characteristic shapes and colors*;than the normal large deécending”
2-dimensional chromatogram. The uﬁtreéted paper that had been placed
in the oven (110° €) for three hours to develop the«uitraviolet
fluorescence gave spots correspoﬂdingito every ‘spot ‘in the ninhydrin
developed ‘chromatogram; in addition, there We?eugevén&ieioﬁgacflﬁoa
rescent:streaks..  Despite the fact that some more work would have
to be done to elimiﬁate the fluorsecent streaks*#, +lhis fast smalls
scélé‘éensitive”mddification~of the larger two-dimensional paper
chromatogrdphic procedure seemed on the whole more than adequate for
qualitative?stﬁdY"of p?otein hydrdlySateso

"' Before further work was done, it was decided to change.the -
apparatus to run four or six chromatograms in"each chamber; for this
purpoée'2 i/Zfandfj‘gallon glass”aqgaria~weré used, thus: permitting
the;papérs to ‘hang free in thelsblvént (Figs.-13 and 14).  Using four
aqﬁérium”Chambersfitvwas found convenient- to complete 16 or more two-
dimensional chromatograms per day. - |

“-A*cbmparativerqualitative‘amina acid study was made-using

the Small52;dimensional4chromatdgram5f<Theracid-hydrolysétes'of-the'v

folléwing proteins were' studieds ' .. -

x cf, last section for application,.: ' -

%% SubSequent investigatioh revealed that carefil distillation of the -
commercial (C., P, grade) n-butanol used resulted in removal of most
of these fluorescing streaks.,
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1. 41 R,.g-lO‘TAI Highly purified 6 S} lipoprotein delipidized.
R.: 37T R, 9=15 Tli Sf = 13, supernatant.
3. 3TR, 9-15 Tli (ppte) Sp = 13, pptn. from above sample.
he 4L R - Tp- Sp = 17 to 40.
5, 26:R - 05' Contains everything in human blood serum.
" 6, Albumin (Armour Coo)’ - diluent for RH testing,

7. 22R-10T, Pooled 6 Sf - slightly inhomogeneous,

2
- As:might have been expected repeated chromatography of these

hydrolysates revealed no real qualitative differences., There seemed

to be some variation .in the relative amounts of each of the;amino’acids;

the amino acid ninhydrinlSpots were uéﬁally too intensely colored to,

give any valid comparative semi-quantitative data; Furthermore, it

was father obvious that a few of the amino aci&s could not be separated‘

and/or .accounted for by this procedure. Despite all this, the small-

scale procedure. proved very convenient in identifying most of the amono .

acids present; since the amino acid distribution patterns.of each of

the protein hydrolysates studied were essentially the same, it was only -

necessary to add a series of known amino acid M"markers", to the starting

positions of fiiter‘papers gontaining the various hydrolysates ready

for chromatographic development.  The speed and ease with which these

small-scale two-diﬁensional chromatograms can be run made this procedure

much easier to carry out than the conventional procedure of multiple

large scale two-dimensional chromatography, isolation of ind;#idqgl

amino acids, and their study by using "markers" in one-dimemsional
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ch;omatographyQ, Actually, of course, the small scéLe}procedure’was
stbsequently cliecked by the conventional large scale procedure: no
disdrepanciesvwere found~~the largé‘scale-procedure did,- however,
permit the identificatipn of those few émino acids poorly resolved
by the small-scale chromatograms.

- The "markers" technique empioyed so . successfully for ihe rapid
qualitative determination of most of the amino acids in these hydroly-
sates 1s described in grea{:er- detail in the last Section. Positive
qualitative identification is discussed in some detail in the @eqﬁionu

on quantitative studies.

Study ofiBaSic;szrolxsates

While the qualitative study.of the acid hydrolysates was
in prdgress, it was thought advisable to modify the hydrolyﬁic millieu :
in order tovdetefmine those_aminoAacids which are partially or wholly |
@estroyéq during_the acidic hydrolysis. ‘Tbevsmallescale tWo-dimenf4“ 5
‘;iohgl éhromatdgrams‘immediately indicated that most of the tryptophen
had:been destroyed and at least some of the cystine lost in the form
of mﬁltiple spots near the m?in_qys@ige spot¥, _Hydroiysis by means

of a basic and/or enzymatic hjdrolytic agent followed by small scale .

% Althoughait is true that there is some decomposition of pﬁre cystine
in paper chromatography with phenol, nevertheless, the destruction is .
trivial compared to. that which seems to occur in acid hydrolysis.
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paper cpromatogrgphy seemed to be the simplest way of determining those
amino ééids wholly or partially destroyed by acid hydrolysis¥,
. & saturated aqueous solution of barium hydroxide was chosen

as the basic hydrolytic agent in preference to sodium or potassium hy- -
droxide; it would be easier to remove the excess barium hydroxide after
hydrolysié without the volume increases resulting froﬁ'the neutralization
of the excess sodium or potassium hydroxide and the difficulty of
determining the endpoint with concentrated reagents in the centrifuge -
hydrolytic tubes used for all the hydrolyses in this investigation. -

A saturated solution of barium hydroxide was prepared by -
éhakiné (at room temperatioﬁ, 25° C) a éreat excess of Ba(-OHE)2 °
8 H20 (Bé5 gm.) in 500 cc distilléd water intermitténtly over a period
of a couple of days. The solid undissolved material was permitted
to settle out overnight and the supernataﬁt was pipetted off as needed
for hydrolysis. - ‘ |

Since our interest in hydrolytic agents other ihan hydro~
chleric acid was limited to supplementing the information obtained by
acid'hydfolyéis, each basic hydrolysis was  usually performed simultaneously

with duplicate acid hydrolysis of the same protein, and bqth hydrolysates

¥ Hydrolysis of proteins by hydrochloric or by sulfuric acid leads

to the destruction of most, if not all, of the tryptophan and the
possible dismutation of somg of the cystine, serine, threonine, aspartic
acid, and glutamic acid?2s20527, The main advantage the bases have over
the acids is that they do not causé the formation of humin; on the
other hand, they cause complete or partial destruction of cystine,
arginine, and lysine25; Sahyun claims thréonine and certain other amino
acids are also partially or completely destroyed.



chrpmatographed"at'the same time under the same conditions.. The first
prqtéins'studie@ were albumin"fArmour’s RH diluent) and 26 R - C5
(whole human serum), Duplicate aliquots of each of these protein
solﬁtions’were'placéd into centrifuge-hydrolysis tubes, precipitated
and "delipidized" by theAethyl”aléohol extraction proceduré used for
the lipoprotein components, and-hydrolyzed with 1 cc 6 N HCL or.
1 cc satd. Ba(OH)2° The proteins were hydrolyzed on a steam bath--
24 hours for the acid and 36 hours for the base.

" An attempt was made'to’develop satisfactory chromatograms
from the whole barium hydroxide hydrolysate without removal of any:
of the barium hydroxide prior to sampling; it was hoped thereby to
avoid possible losses of amino acid invthe'removal of the barium as .
the insoluble, voluminous carbonate. Ninhydrin spraying of the de-
veloped chromatograms revealed rather distinct, brightly orange and
yelldw“coldred spots"29 whose distribution pattern differed from that -
obiained with the hydrochloric acid~hydrol&sates. Judging from the
yellow-orange qéloré'insteadﬁéf the ordina}y red-purple colors and
from the modified distribution pattern, it can only be concluded that
_phe;amino'acids chromatographed as the corresponding barium salts or:
carbamates. .The individual spots were not identified, but chromatography
of the barlum salts of the amino ac1ds mlght be useful for separatlng
certalﬁ amino acids that are not eas1ly separable as the free bases
or the hydrochlorldes° A comprehen31ve qualltatlve study is 1nd1cated

here.



3 The barium ions were removed by passing a slow stréam_o?
cgrbon'dioxide gas throﬁghwthe'barium hydroxide hydrolysates until .
the precipitation:was qompleted The hydrolysates were centrifuged
and.the,superﬂatant_remé&edg:»The white barium carbonate residue was
analyzed furthef for any traces of amino acids® and the. supernatants
were chromatographed ésutﬁe hydrochlorides¥**, Thé preéence of tryp-
tophan-was established; no new amino acids were found different from
those whose presence was establishéd'by work with acid hydrolysates;
some of the amino.acids seemed to have undergone appreciable destruc-
tion, especially cystine which was almost completely destroyed.

4 LR e - . ' T

" Determination of Amino #cids on the Paper Chromatogram by the Ninhydrin

Method, .. = "-. .

. Now that successful qualitative analysis on various cdmpoe
nenfs had been .carried out be means of amino acid markersg on small—
scale two-dimensional chromatograms without revealing any significant
differences. in amino acids p;esent, it was:obvious that a quantitative
or at least a semi-quantitative study would have to be made. Since

paper chromatography.was the .only practical method of separation of

# There were some. amino acid losses but they did not seem large enough
to affect the preliminary gqualitative study. The barium carbonate
residues were first thoroughly washed with water, and redissolved with
dilute HCl. The barium slowly reprecipitated with sulfuric acid and
the sulfate washed with hot water until amino acid free,

#¥¥ The free amino acids were converted to the hydrochlorides by ex-
posing the wet sample spot of the paper chromatogram to copious hydro-
chloric vapors,
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the amino acids, the next problem was to decide whether the amino acids
could be determined on the paper or whether they would have to be
removed to secure the required sensitivity and-accuracy. °

30 had already

£ considerableLeffort by many investigateors
been’ expended on the attempted quantitative determination'of amino
acidsron'the'filter.paper-chromatégramq Direct determination of the
amino.acid'without removal from the filter paper would be ideal pro-
vided sufficient accuracy‘could,be achieved., Most investigators seemed
to have concentrated on attempts to produce a consigtent ninhydrin-
amino acid" color on paper and its subsequent‘determination by any one
of sevefal densitometers. Unfortunately, most of the workers failed
to appreciate the extraordinary difficulties in. controlling the color
reproducibility on paper of the ninhydrinuamino acid reaction. Over
the past five years, this investigator has observed, semi-quantitatively
at least, that the following Pvariables" seem iﬁvolvedvin'ninhydrin
color development oﬁ paper:s
© 1. 'Size of Spots Both the total amount and the surface
concentfation (amount per unit area) are important.
‘With increasing surface conceﬁtrationsgifor example,
"'the colors tend to .shift from the purples and blues to
ruéty reds, pinks, oranges, and yellows.

| 2: " Temperature of Color Development, Development st Toom

temperatures versus development at 70 - 100° Gz fs the
temperature is increased the colors tend to shift from

the purples to the reds and yellows as above,
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'70

8.

Kind -of Filter Paper.

Previous Handling of the Filter Paper. Pre—tréétment -

by washing with water or dilute HCl sometimes shifted.
the colors toward the deep blues and purples;

Kinds of Solvents used. during Development ..

Manner of Application of the Ninhydrin. - Single.versus :

multiple spraying of the ninhydrin solution{s):  Mul- --

tiple spraying is usually more effective, -

Kind of Ninhydrin Spray Vehicle. Colors vary with the:
particular solvent used and increase with the water-
saturation of any of the solvents., - Ll

Humidity during Color Development. Increasing the hu-

midity during color development (at 70 - 100° C, at

least) increased somewhat erratically the color yield.-

- Rates_of Color Development and Color Stability. GColor:

development on pépef seems to be a complex time=dependent
reaction always accompanied by appreciable color fading.
Not only does the rate of color deveiopment seem to

vary greatly for the various amino acids, but the rate

of color fading also varies greatly.

A11 these wvariables cast real doubt on the work done thus

far in attempting to assay by color density the various amino acids

on a paper chromatogram. The fact remains that the kind of color

(wave length) and the amount of color cannot be satisfactorily con-



trgllgd ap p:egentov'Pgtﬁon"s improved method3l‘(cfo:l§st Sgction

for application) represented a definite step forward but was still
unsatisfactory for altfulyvquantitative*prqcedureoﬂ:Someswork will
}pave.tb~be“donevonrtheifundamental~mechaniSm(s) involved in the nin-
hydrih;aminb acid- color development on filter-paper before color den- -
sity can béﬁused'with confidence as. a quantitative measure of amino
acids'sepérated on paper chromatogramso: - -

" There was still -another possibility: That of developing -
the ninhydrin color: on paper; eluting off the pigment, and determin-
ing the color (optical density) in a spectrophotometer. This approach
was‘fejected'oﬁ“the basis of the above unevaluated variables in color

dévelopment*,

Tentative. Procedure for the Quantitative Recovery of. Amino Acids on

Péper Chromatoérams°
invview of the cbﬁsidefa%ions'just»discussedy'the»procedure
selected as beéf“fbr the Handling the ChrdmatégramS»waS'as follows:
'1." Heating the chromatograms'just enough' to permit location
of all the amino aCid'sppt:by ultraviolet fluorescence, .

26 ‘Cutting“out"the*Spdﬁéaf5%"

# ‘Later, in the summer of 1951, Singer’and Carpenter (of the Virus =
Laboratory, University of California) attempted to make this elution

process quantitative but failed. Actually, of course, once color -
development on paper can be more satisfactorily controlled, this pro-

cedure will be ideal for quantitative paper chromatography of protein

hydrolysates, thus eliminating the frequent uncertainties in spot lo=

cation and delination. ' :
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3. Removing the spots by elution Qhﬁomatpgraphy,:
bo 'Dgterminationiqf the’aminovacid-by some senéitiﬁe.procedure
- such as thgt involying;tpé\Moore-Stein_ninhydrin neagent.
‘The'experiences of this investigator,with,paper_chrométography
had been such that the first three steps in this procedure seemed to -
offer no. insurmountable difficulties;'in fact, these three steps had
been studied somewhat in previous problems frqm 1947 to 195032’33’34’35o
It was thought ﬁest to concentrate at this point - on the development
of a sensitive ninhydrin reagent or some other- sensitive reagent spe-
cific for amino acids. |
- Actually four methods for the ultramicro analysis of amino .
acids were evaluated: ’ |
1., Copper complex method of Wbiwood%°
.2, Titrimetric methods: indicator and oxidation-reduction
>endpoint537al
-3¢ . Dye oxidation method of Gordon38.
dro Ninhydrin,proceduré of Landua and Awaparaggq
In the final study, the ninhydrin procedure was adopted
principally because the quantitative ninhydrin rgagent had already.
‘been_studied aﬁd sqccéssfully appliéd.;9 to the recovery of ultramicro
ﬁméunts of amino acidslsgpapated by filter paperuchromatog?aphy, wherem.'
as the other three procedﬁres‘had not as yet been evalua;ed‘chromato-

graphically. .



Despite some rather obvious qriticisms @he experiments of
AwaparaAo with thetMoore-Stéin ninhydrin reagent seemed at the very
least a promising starting point. - The key to the\alleged suécess of
their procedﬁré was the substitution of a pyridine-water ninhydrin
reaction with the more sensitive and more consistent ninhydrin reagent
of Moore.and_Steino Although the Moore-Stein ninhydrin reagent and
procgdure'was‘designed for use in analyzing the batches of the hun-
dreds of samples obtained by means of automatic fraction cutters in
column chromatography, Landua and Awapara and this investigator found
it possibie.to»use the Moore=Stein procedure with few modifications

for 'analysis of the amino-acid spots in paper. chromatography,

Reagents for the Moore~Stein Ninhydrin Procedure.
Ninhydrin. A very good grade of ninhydrin (or triketohydrin-

-dent hydrate) is required in’ order to insure low blank readings,

The ninhydrin obtained commercially<épom Eastman Kodak Company (# 2495)
gave satisfactoriiy 1ow’blanks.except occasionélly when the batches
possessed a color darker than the normal llght yellow of carefully |
recrystallized nlnhydrln. If the nlnhydrln gave too hlgh a blank,

1t was necessary to recrystallize ‘the batch untll the de31red blank



had been obtained#®, °

Citrate Buffer. .The citrate buffer (0,02 M) is prepared

by adding'ZloOugm'of_citric'acid.(reagent_graﬁe) t0 200 cc.of 1 N NaOH'
diluted to 500 cc,- When.diluted with an equal volume-of water, the .pH-
of this.buffer'should be 5,0t 0.,1; if not correct, the pHican be. |
adjusted either wéy by the.dropwise addition of fairly- concentrated.
solutions Of'citfic acid or sodium hydroxide. It was soon discovered
that the critical factor in the preparation of batches of ninhydriﬁggy
reagents of exactly the same sensitivity and reproducibility.waé the. .
citrate buffer; hence, it was advisable to prepare at least ZOOO.cc{%i
of citrate buffer and store-the;excess in cold with thymol‘or;at;QQij
as is¥#,

Methyl Cellosolve. A good grade of methyl' cellosolve -should

be used. . It should be checked: 1) for impurities by mixing with an
equal volume of water (clear solution should result) and 2) for peroxides

i . P IR . . . ,v IR

# The.recrystallization procedure was as follows:  Ninhydrin,:10 'gm, -
was added to 50 cc of hot distilled water. The hot solution is treated
with 1 gm of decolorizing charcoal and filtered hot: - The- filtrate is
stored at 4° C overnight. The crystals are washed four or five times
with 5.cc portions of very cold water, dried quickly in a mild’vacuum,
and stored in dark glass bottles, " Actually, with the impurer batches
obtained from certain other manufacturers at the time, it was found
necessary to recrystallize at least once more. This is a rather messy
procedure and it is best not to bother with a very impure (i.e., dark
orange or brown) sample of ninhydrin. Fortunately, the quality of
several commercial ninhydrins has been improved to the p01nt where they
can- be used without further purification.

#% Moore and Stein recommend thymol but this investigator found that
refrigeration at about the freezing point preserved the solution sate
isfactorily for at least a year and probably much longer than that.



-51-

by adding.a-lO,perCent aqueous KI solution (no more than a. faint pos-
itive test should result). A very satisfactory grgde of methyl cel-
losolve was obtained commercially from the Griffiﬁ Chemical Company

of San,Ffanciéco, California; distillation with a simple fractionating.
column (Vigreux) was all that was necessary for purification,

‘Ninhydrin Solution. It was found convenient to prepare the

final ninhydrin reagent solution'inHSOO ce batchegai;.needed° Reagent
grade SnCl,.2H,50, 0,40 gm, were dissolved in 250 cc of citrate buffer,
pH ~5; fhis solution was chilled .to 0° C;‘Ninhydrin, 10 gm,bwas dis-
solved at room temperature-in'ZSO cc methyl cellosolve in a glass
stoppered 500 ml pyfex bottle; the solﬁtibn was then chilied to about
=50° C in an écetone-dry ice bath. Whilg‘the ninhydrin solution was
in the dry.ice bath; fhe chilled citrate buffer was added and the
resulting.slightly brown'solution rdtated rapidly until the heat pro-
duced had.been dissipated;lﬁhen;the temperature:of the soluiion had
been reduced to 0° G, the §91@§ion was flushed for several minutes

in a steam-of.nitrogen gas;ﬁstOPpered and stored at 0° C or even better
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at ~20° C¥%, The,stabili£y of this reagent was. best maintaingd"by o
rémoving aliquots for analysis;AS»quiLkly.és possible, flushing”the‘
solution with nitrogen- and returning the tightly stoppered bottle to
the refrigerator, LIf used- in, this way, the solution was stable for
at least a month; in fact, thé sensitivity df.ihe-reagent used,under
these conditions was found to decrease not moreuthgn 1 percént in six

weeks=-no measurable decrease was detected in four weeks,

Further Comments on the Ninhydrin Reagent.

. Moore and Stein were .somewhat confusing as to whether the
citréte buffer was_used’undiiuted with water or dilutéd with.waier
to give a pH of 5 prior‘to-addition of the ninhydrin cellosolve so-
lution, - As will be discussed in‘next'section<the;buffering capacity .
of the previously diluted buffer :proved to be too low for successful ..
use: the color yields for most .of .the amino acids were very pH.sen- .
sitive., In fact, even though the undiluted citrate buffer worked

satisfactorily, the buffering capadity.was not as great as would have

¥ The careful chilling of the solutions before and during preparation
of the ninhydrin reagent solution seemed to decrease the color blanks
(at 570 m4) and to increase the sensitivity of the reagent appreciably.
Although the "browning" occurs at these low temperatures, it is rather
insignificant compared to that which occurs when the solutions mixed

at room temperatures. ~In case of the chilled solutions within five

or ten minutes all the brown color has disappeared; when mixed at room
temperatures, only part of the brown color disappears on standing.
Sometimes the solution became progressively darker, this was especially
true if the order of mixing of the two unchilled solutions were re-
versed, Even if chilled as described above before and-during mixing
the heat production is great enough to bring the temperature of solution
to 250 C, ’



been desired; it was necessary to evaporate all samples: to dryness

in order to control at all times the volume of the sqlutionsn A pre-
liminar& attempt was made to. increase the buffering capacity but the
sensitivity (color yields) of the reagent -dropped sharply; Moore and
Stein seemed .to have achieved the necessary conditions for maximum coler
yield. This conclusion is implicitly confirmed by the more highly -
buffered quahtitative reagents of Boissonas41 and Fowden and Penny42;
‘the color yields of their more highly buffered ninhydrin reagents
were only about 50 to 80 percent of ‘those. the unmodified Moore-Stein
reagents It seemed best to use the unmodified Moore-Stein reagent -
even though this meant all samples would have to be evaporated to dry-
ness prlor to.the addltlon of the ninhydrin reagent®,

_Another word of caution is in order here: Acidic acid even
neutral solutions will usually pick up iraces of ammonia from the air,
Since as little-as O.1 of e»microgrey»qf emmonia cen be detected by
this procedure, it is 1mportant to work in an atmosphere where ammonla

is not belng used and to handle the samples and blanks under strlctly

¥ Moore. and Steln43 were not hampered by the low buffering capaclty
of their very sensitive reagent because all their samples and/or al-
iquots were automatically adjusted to present equal volumes prior to
addition of their ninhydrin reagent and subsequent ‘color development,
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parallel conditions¥.,

Procedure for Use of the Moore-Stein Ninhydrin Reagent.

Moore and Stein®> used 1,00 cc'of their ninhydrin reagent "
for 0.1 or 0.2 cc saﬁples-of eluate and 2,00 cc for 0,5 cc samples.
In either case,laftér'thé-éevelopment of the color, 5.00 cc of diluent-
(water - n - propanol, 1:1 bj"volume) were added to each tube and the -
optical density_detefminéd°  It ‘was expected that the eluate from }
each amino acid spot would be about‘Oos cc; hence the 2,00 cc volume
of ninhydrin reagent was choééh<asJa reasonable volume for this pro- -
cedure, -

The procedure ‘initially used for checking the sensitivity,

accuracy, and precision of the ninhydrin reagent was as follows:

# This extreme sensitivity for ammonia also means that ammonia (and
other ninhydrin-reacting substances) cannot be added to the solvents
used for developing the chromatograms more effectively in the first
step of the analysis of the hydrolysates~-unless, of course, the residual
ammonia or added compound is removed by an extra laborious step (cf.
Fowden) .
To guide the 1nvest1gator, here is a fairly complete 1lst of sub—
stances that have been found to be qulte nlnhydrln reactive:
1. Free alpha-, beta-, and gamma-amino acids,
2. Nitrogen-esterified amino acids; e.g., sarcosine,
3. Peptides especially smaller ones.
4o Primary amines including such compounds as ethanolamine, choline,
betaine, and taurine,
5. Secondary amines including such compounds as epinephrine and
ephedrine,
6. Alpha-amino aldehydes such as the glycosamines (glucosamine
and galactosamine),
7, Ammonia and ammonium salts,
8, Amides.,
9, Xanthines including methylated derivatives such as caffeine
and theobromine,




The desired amountipf §mipovaqid was transferred by means of a "Misco'¥
pipette to-a very.clean glass-stoppered (pyrex)r5"ml volumetric flask;
the pipette was rinsed 3 or 4 times to effect quantitative transfer,
Since these.samples;we;e rather sméll (about QQOS cc including the
rinses), approximately 0.5 cc of water was added to the flask, fol-
lowed by 2,00 cc of ninhydrin reagent. Four flasks (one blank and
three samples) were prepared at the same time. The set of flasks,
loosely stoppered, were clamped into a 4~holed brass plate, and the
bulbs of the flasks immérsed in a vigorously boiling water bath (Fig. 15)
for 20 minﬁtes, The flasks ‘were aliowed to cool to room teﬁperature
(10 minutes) and then fllled to the mark with the diluent (water - n -
propanol, 1:2 by volume for the samples and 231 for the blanks).
The solutions were measured in a Beckmann Spectrophotometer (Model Dm)
at 570 millimicrons using thé,stgndard "Corex"vl e cuvettes, The
ninhydrin blanks were measured against water - p - propénol,(2:l)

and the samples against their corresponding ninhydrin blank,

Optical Density

x 1000
Micrograms - : : - -
- -Valine X ‘ T . o K %readf

0|13 8 73 76 117 107 92 107 108 112 | 735117
2| 66 63 8 113 57 51 57 130 57 41 | 41-120

51139 169 183 184 187 188 182 150 141 160 |139->188

10|250 327 332 357 - 290 339 318 309 318 |250-357

¥ Manufactured by the Microchemical Specialties Coo, 1834 University
Avenue, Berkeley, California
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The high b;ahks and spread of the results indicated that some?hing'
was drastically wrong¢v ih vieﬁ;éf-the"ambiguity regardingbthe\Moorea
Stein directions for preparation of the buffer and the possibility ...
éf a poor bath of ninhydrin, it was thought. advisable to prepare:an< = :i:
other ninhydriﬁ reagent solutions using a newly prepared citrate buf--

fer and a better ninhydrin preparationt,

R AL S Optical Density x 1000 Spread
0.0 T 94 68 - 67 113 66 = 66=113.
2 .68 52 . 8 8 37 7. 3783
5: . 176 167 172 172 131 177 . 131177

100 33 383 323 %2 380 332 280382

At this point the situation seemed rather -hopeless. It was decided

to concentrate on a given amino acid level, running one blank.and

four samples of the same amount of'amino acid in an attempt to eliminaté
one possible source of error: the possibility that Beerfs law was not
operative especially at this low level of amino acid. Four samples

of 15 micrograms of valine were studied,

¥ - In the course of this preparation, the first new citrate buffer
prepared had the fantastically high pH of 10 when diluted with an

- equal volume of water. This buffer was, of course, discarded but the

error indicated that the pH of the above ninhydrin reagent solution

may have been off somewhat due to a poor glass electirode in the Beckman

pH meter, ' ' ' o ' o



57~

Blank = L 15y Valine

00,068 : B . c o 0047[& R
e 0,474
' 0.474
0.468

This is the type of results that we had hoped to secure for the final
standard curveso Other amlno acld 1evels were studied 1n the same

fashion¥* and are summarlzed below.

Q ical Dens1ty x 1000

y Valine Blank  Semples

By o 68 '_'474,  4Thy LTk, 468
¢ e o253, am, 2, a2
Sy I ""1327’, | 138, 129, | 13
0y - e a3, 183, 183, 1
100 . 67 22, 28, a7, 2
0y 63 188, 207, 221, 207
0 s 1, a7, 223, a7
ope e - 218, 213, 212, 199
00 51 27, 191, .2_21, 197

¥ It should be noted that it was found convenient to- add three drops -

of water to the bottom of each flask prior to the addition of the sample
to facilitate quantitative transfer; consequently only about 0.4 ml.

of water instead of 0.5 ml added to the sample flask prior to the ad- -
dltlon of the ninhydrin reagent.

e _Increasedltlme of heating over steam bath from 20 to 25 min.
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Thus far, only the 15 microgram (valine) level seemed to

have the desired reproducibility. -It was thought best to repeat this

series.

- Optical Density x 1000 |
y Veline © Ram O Samples
15 y B3 22 308 208 308
15y 46 300 283 282 288
15y s YR 287 288 298

Apparently there was about a 40 percent decrease in sensitivity or
color yield of this reagént withih'twenty—four hours. Runs at other

levels were made in an attempt to find some consistency somewhere.

yValine Blan¥10? | |
5% - 38 I 7 83  a
20y s 388 392 348 368

The situation seemed somewhat better although far from satisfactory.

Before further work was done at 570 millimicrons, it seemed advisable
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to check the sensitivity of the pfoline,at 440-millimicrons#*,

Wave Length -~ _Proline . Optical Density x.1000
) e .
- 440 10 .18 78
- 20 18 . 148
0 Y
570 10%* a2
R0¥% 97 95

Not only was the sensitivity ratherliow but the blank was far too
high for practical purposes. Since the color of the blanks seemed
to be due partly to the color of the ninhydrin reagent solution, it -
was thought possible to decrease the blank by decreasing the amount
~ of ninhydrin in the ninhydrin reagent. - In view of thé tremendous ex= -
cess of ninhydrin over the amount,of‘amino acid (appréximately 105. ..

mil. eq. ninhydrin for. each mil. eq., of valine) being analyzed, a

# The gensitivity was so low it was. thought advisable to determine
the maximum of the percent transm1331on curve, The 20 gamma proline
sample -above was used, : S

Wave Length ' % Transmission
420 . m.e2
430 | 1.4

AAO . o T . : . 71_05 U
450 ‘ . 72,0
460 - ' R T2.4
470 72,8
480 ' 72.9

The percent transmission dropped off after this, At this stage the
percent transmission at 440 millimicrons was satisfactory.

## Same-as above sampleso



~60-

nevw ninhydrin solution was prepared the same as before except that the
cellosolve contained only 20 percent of the nihhydrin used previously,
& blank and duplicates of 10 and 20 microgram samples of valine were

prepared in the usual way, using the weaker ninhydrin reagent.

X Valine Optical Density x 1000
0 - | 608 o
10 138 138

20 ’ : : 302 . 318 .

The blénk was not onlybnot lowered but the sensitivity (or color yield) .
waé‘decreased about 25\per0egt9 The "weak"'ninhydrinAreagent was
converted to the regular Moé¥e-8iein reagent by adding the rest ‘of the
required amount of ninhydrin to the cold reagent;:dissolution was slow,
but the ninhydrin reagent seemed to have ﬁhe same prbperties_as those
of the'pfevious ninhydrin réagento

The work on this phase bf the problem was suspended to con-
centraté on severél other éSpeCtSQV It was not ﬁntii about threelﬁeéks
Jater while trying-to usé this procedure for détérﬁining‘protein re=
coveries from the hydrolysates that the discovery was made regarding

the extremely low buffering capacity of the ninhydrin reagent.

% At 440 mm= 149.
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Elimination of. Some Possible Errors Prior to Chromatogaphy of  the

Hydrolysate.
- - Hydrolytic Agents,  Thus far very little thought had been

given to the’agents.an& conditions of hydrolysis of the various protein
components, Only 6 N HCL and séturated‘Ba (OH)Z_had been used under
réther arbitrary»conditiohsg‘24 hours and 36 hours respectively on the - -
steam bath;-as~already-indicated in the first hydrolyses of the delipi- :
dized proteins, only a preliminary qualitative study of the h&drolysis
had been made. It was rather obvious that any modification and/or
destruction of any of the amino‘acids duringvhydrolyses would be re-
flected in the final determination of the isolated amino acids, thus
giving_an'inécCurate_pictufe of the amino acid composition, Because
of the complexity Of‘prétéiﬁs and the greater complexity of the hy= |
drolyzing protein, it is anbextremely,difficult task-~if not an im-
possible one--to evaluate the chahgés and/or losses that each amino
acid undergbes in the hydrolysis of any given "pure® protein. The .
establishment with certainty,of.the’exacturelationshib betweeﬁ the
amino acid composition (as determined.by careful analysis) and the
amino acid'éombosition»of the pfotein from which the‘ﬁydrolysate was
made will have to wait for that day when wholly sypthetic proteins can-
be made.' In the meantime, the best that might be done is to study

the fate of each of the aminO”écids.in the controlled hydrolysis of
proteins whose amino acid'oombositibn and. structure will be qualitam.'

tively and quantitatively determinedo'-'Sanger.“s44 success in the
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-determination. of the total amino acid structure of insulin is the most
encoufaging Q&rk bresented thus far. The well-established qualitative
and quantitative amino acid composition of crystalline insulin mekes
it éXCellentﬁas ‘a standard for checking any method of analysis on the
intact and the hydrolyzed moleculea ‘But it must be borne in mind that
the results from the insulin standard will apply with certainty only
to insulin -and not necessarily to any other protein, As the intra-
relationships: of the polypeptide chains of insulin are elucidatea and
as the structure of other "pure" proteins are‘determinéd, the use of:
such sténdards will become effective invthe-development and evaluation |
of amino acid methods.

.+ .. There are other ways of overcoming somewhat jhe:difficglty

453660 These include 1) pre-

of évaluating losses in protein hydrolysis
‘pariﬁgEthe protein hydrolysateviﬁ different ways, using different hy-
drblyzing‘agents and different hydrolyéing conditionsj 2) analyzing
each amino acid by sévéral different procedures; and 3) analyzing.

the éminp'acidsiin the intact molecule before hydrolysis’- and comparing
these values with those obtained from. the hydrolysate., Although no
work could be done in evaluating any losses in hydfolyses,until_a
schemg of analysis had been worked out for suitable synthetic protein
hydrolysate345 made from pure amino acids,‘it is advisable to kéep

in mind the'pOSsible‘limitation of any, single set Sf\hydrolyzing con-
ditions. :However, asvfar as deciding whether orvnbt the protein moiety

of the various lipoprotein components is:the same or'different, the
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problem,is,somewhat-simplifieé.if-each.cOmpénent is treated exactly
the same way ., . If the scheme of .,analysis can be.duplicated,. it might “
be assumed that each protein will undergo. changes that .can be reproduced
rather.closely upon repetition of the anaiysis with another .sample : .
of thé.same-protein;vhence, ifvtwc:lipoprotéin components have the
same protein moiety, any changes»and/or losses in the amino acids. -
during hydrolysis~should_be the same for the two similar proteins,
and will not cause any error in interpretation; if, however, the pro- .
tein moieties. are distinctly different<proteins, any changes and/or
losses during hydrolysis will, if anything, most likely only enhance‘
these differences#*, thereby greatly facilitating the comparétive,study
of the pﬁotein‘moiety of the lipoprotein components. Hence, in so
far-as the .final COmparative;quantitative_study,ofythe ratios of some
of the amino-acids-are concerned, a single procedure of analysis in-
cluding only -one carefully chosen hydrolytlc agent would be sufficient
to answer :the question of similarity of the protein moieties of these
lipoprotein components, .

A11 known protein hydrolytic agents and conditions were

considered -for the comparative quantitative study. Unfortunately,

*¥ In the: early phases of this work when only very limited amounts of
rather impure lipoprotein components were available for study, it was
cbserved in the qualitative study of what were supposed to have been
the same components from different human subjects that tryptophane was
not always completely destroyed under the same conditions of acid
hydrolysis; in fact sometimes very apprec1able amounts were detected
on the chromatograms, This great variability in the destruction of
tryptophane may have been due to different proteins being involved
and a consequent enhancing of this difference due to the changes in
hydrolysis as discussed above,



most of the hydrolysates produced?by the various hydr9iy2ing*procedures
were inadequately evaluated beéause:of the putrély qualitative nature
of the dpproach and the analytical techniqués: It seemed wisest to -
choose thosé hydrolyzing conditions that had been used for the best -
qualitative ‘and quantitative study of the amino acids of protein hy-
drolysates, preferably'thosé'empldying'chrdmatographic techniquéso"
Conveniently enough, the recent elegant work of Moore and Stéin47A

with lactoglobulin using hydrochloric acid hydrolysis, starch column
chromatography and their own sensitive ninhydrin reagent constitutes
some of ‘the moét'accurate, careful work that has éver been done:in

this field, _

Hydroc¢hloric acid (6 N) had already been used for the h&—.f
drolysis of most of the proteins studied-thus far in ‘this investigation;
furthermore, hydrochloric-acid is a most convenient agent for use in
preparing protein hydrolysates to be paper chromatographed in that the
acid}ddes not have to be removed prior to the'addition of the sample
to the paper, thﬁs avoiding possible losses in removal of'the hydro-
lytié agent and eliminatiﬁg a tedious step in the procedure, It was
noticed, however, that considerable amounts of "humin" were formed.
in the hydrochloric acid hydrolyses; subsequently, much of the humin

was eliminated by more complete‘removaltdf the lipid, but some humin
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was always farmé&* even with nhehnosﬁ £horongn delipidization, Although
the humin formed‘didrnot'aosororéhy eppreoiaole'emounts of amino acids
froﬁ its hydrolysafe?‘nevertheless; it seemed desirable to decrease

as much'as'possible,'if not'eliminate,Athe humin formeé, especially

~in viewnof the,faot that at leest pért'of ﬁhe'humin probably represent
definiteiiossee of~emino'acid;’aporeoiable‘amino acid losses could not
be tolerated because of the very small amounts of protein available

for enalySis (o to.b°2 ng unhydroiyéed prbfein for some components- from |
an individual donor*¥),

‘ Moofe'andnStein,oet:the snééestionnof Dr. C. F. Jacobsen,
carried. out thelr hydrolyses by dlssolv1ng the’ proteln in-a minimum -
volume of water or dilute hydroohlorlc acld, addlng 200" times the
sample we;ght‘of o N hydrochloric acid twice distilled in an allnglass

apparatus*** and refluxing for sixteen hours on an oil bath,

# Subsequent work (cf. last Section) with very low concentrations of °
protein revealed on visual humin; as a matter of fact, there was no
coloration (browting), much less dark brown partlcle-formatlon, in
samples containing about 0.2 mg or less of delipized protein per cc

of hydrolytic solution. Of course thisfact does not mean that some
destruction of amino acid did not occur although it seems to lend sup-
port to Dr. C. F. Jacobsen's claims {cf. next footnote) regarding the
desirability of using dilute protein-hydrochloric acid solutlons for
minimizing amlno acid destructlon during hydrolysis. :

#%  Although most of ‘this work had been done with pooled llDOproteln
components, it was the ultimate objective of this investigation to
develop an analytical procedure for studying components from the serum
of a 51ngle subject ("homologous samples") :

xR Jacobsen hed unpubllshed .experimental data (1948) demonstratlng
the advantages of carrying out the hydrolysis in relatively dilute -
solution with hydrochloric acid which is free of heavy metal impurities,
Humin formation is supposed to have been reduced con51derably under
these hydrolyzing conditions. . S
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This procedure was modified slightly to fit our small-scale
recuirementso rThe maximum -amount cf protein,hydrolyzed per tube was
2 mg;:O,Z_ml of hydrochloric acid would have been too small a volume
to use iﬁ_this type of condénsing system, One milliliter.of HCl or
at least 1000 times the sample weight, was used. - The acid used was
constant boiling HC1 (5.6 N) prepared by distillation and purified by

-twice rcdistilling in an all—glass apparatus. The tubes were heated
on a steam bath (Fig. 2),(temperature inside the tubes was about;99°
C.) for twenty-four hours.

A Device for Accurate Reading of the Liguid.Meniscus in the

Centrifuge-Hydrolysis Tube. As has been pointed.out.before, all op-

erationstpriof.to the placing of_thc-éliquot,of the hydrolysate on fil-
ter‘paper wére carried cut'in the original ccntrifugegdigésticn.tube .
w1thout any transfers. to ellmlnate intolerable losses of the small
amounts of proteln avallable° Thls meant that the flnal volume of
~the hydrolysate. would have to be measurable to about = P | percent. at
»the oneamllllllter level | -

.An,attempt was made to/usé1thefcalicfatiohimarkc on the @ﬁbés'l
themselves by gdding 1.00 cc of 5.6 N HCL from a calibrated transfer
‘ pipetﬁe:to‘a series offclcér,ld:y ceﬁtrifcgé-hydrcinis'tubes; :It cés'
found impossible to read the tubes reproducibl}; furthermore, the
meniscus is so large in thls 1nverted conlcal section of the tube that
it was obv1ous some dev1ce would have to be constructed to insure a
§tea§y reproducl_blerm_enlscus° Here 1s a. typlcal serles of readlngs

for 1,00 cc 546 N HOL:
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Tube No, Volume of 1,00 c
R ' 0.98 ‘
3 0.94
4

0,91

The eésiést.solution seemed to be that of éliminating the meniscus,

Some work had already been‘done with non-wetting silicon films (DC.
 Silicon Resins and "Drifilm"), and the work of Moore and Stein’ in-
dicated_thé£ £hesé films were very acid resistant., A thin film of
"Drifilm" was applied without subsequent heating to tubes (1) and

.'RA) abbvé;- HCl acid, 1,00 cc of 5.6 N as above, was added to each tube.
Both tubes»read at 1.00 ce without any of thé previous difficultiéso
Four tﬁbes were then treated with a thin film of Dri-film and heated
for thrée hours at 180° G to make the £ilm mére‘permanente Four lipo-
protein components¥* were selected and carried through the entire pro-.
cedure to'chromatography (denatﬁration,'delipidization, and hydrolysis).
Two difficultiés developed for all the sampleé studied: 1) the de-': .
natured lipoprotein and the delipidized protein particles adhered most
tenaciously to the. sides of the entire length of the centrifuge digestion
tubé, making. it difficult to complete the delipidization ana impossible
to gef all of the protein into the bottom part of the tube for éon—
trolled hydrolysis; and, furthermore, 2) the méniscuS‘which»had bgen

completely flattened with pure 5,6 N HCl before was now as extensively -

% Tyo samples of Sp = 6, pooled and an individual sample; one Sp =
13; and one with higher flotation rate Sy probably 30-60.
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curved and as difficult to read.as>was the untregted tube®, The use
of water-repellant surfaces was rejected for the analysis of lipopro-
teins at least.

There seemed nothing to do but to'devise an apparatus for
reading the liquid level of the samples under reproducible conditions
of position and lighting., A wooden file cabinet box (18 in. x 10 in,
x 12 in.) washplaced upright and fitted with small ring "Misco" stand
nailed firmly onto the bottom., A "Misco"clemp was fastened to the
ring stand to hold the regular centrifuge-digestion tube in such a
way thgt,its-bottom was in~the‘middlevof the box; a slightly_shorﬁer
clamp was gttached below the first clamp in such a way that afstréight
edge of some sort (e9g° a long edgé of an hexagonally-shaped pencil)
could be attached-adjacent to. and on the same levelwith the one-ﬁilli—
liter meniscus of the tubes. The stréight edge wasvperpendicular to
the‘rear of the upright box. A IOO—watt'projecto# lamp was mounted
Just outside the box within fhe upper third of thé open side by means
Qf:a'sbréw;type clamp, The upper half of the box, includiné the pro-
"jécfo;'lamp, wgs covered with a Shield of aluminum foil. & piece
of black blastic or‘paper was placed to the rear and under side of the
liguid to give the meniscus a sharp blalck‘appearance° The readings
were made with a four inch reading glass by sighting along the straight

edge to put the ‘eye in a reproducible;refefence position and then

# " The "Drifilm" surfaces seemed to be completely covered with a thin
layer of brownish material that was quite wetted by this acid protein
hydrolysate, ' N
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determining ﬁhe.heightzofvthe lowest part of the meniscus_as:measurgd‘
by the manufacturer's calibration on the tube. Any error due to change
in eye level wasveasily.eliminated,by rapidly shifting the eye between
‘ straight edge and'the meniscus. By means of this simple device it is
easy to détermine a 1,00 cc volume or similérvvplume of liquid with

a . precision greatervthanff 1 percent, -This straight'édge is used

as a fixed referencg point and is never moved, If largerrvolumes:

are to be measured in these tubes, another straight edge is clamped
above the reference edge and:the calibration determined as above#*,

. Stirring Teqhniquerin the Centrifuge-Hydrolysis Tube. At

this point in thevprocedure there was only one possibility for ﬁateiial
loss in manipulation. During the early steps of denaturation-delipidi-
zation the lipoproteins adhered most tenaciously to glass SUrfaces;
_especially the glass stirringrrdas-that were used, Although the losses
on the glass‘rqu would be negligible for macro—scale quqntitative
analysis, at this level (lesé than 2 mg protein) such losses were
disastrous?v It prqved tQ_be almoét impossible to rgmové.completely
the protein from the long glass stirring rods without some loss.

A simple magnetiq sti?ring arrang ement was_finally_used with
great success., A piece of soft iron, 1 cm long and about 0.1 - 0.2

cm in diameter (sharp_end of a small soft iron nail'is satisfactory),

¥ As pointed out before all cal ibrations were made by introducing the
required volume of liquid into the tube by meéans of an accurately cali-
brated transfer pipette, :
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is sealed* in a close~fitting piece of thin-walled pyrex glass tubing
(abput 0.2 or 0925 cm inside diameter). The glass-covered stirrer

is checked for cracks and leaks before use by subjecting it to the
strain of thé expérimental procedure by shaking ‘it vigorqusly.against '
the bottom of a glass tube, andvimmerSion'in_5°6 N HC1 and'heating

on a steam bath for twenty-four hours. Any cracks or defects are readily
detected by the yellow F’eCl3 that forms. After testing; the glass-
covered iron<fod is placea in a centrifuge-digestion tube (Fig. 1),
and the tube now calibrated by adding a 1.00 cc volume of 5.6 N HCl,
The giass—covered fod remains inside this centrifuge-digestion tube
throughout the prbceduref The rod is manipulated by means of a small
powerful horseshoe magnet (®Almico", 5/8 in; or 3/4 in. between the

" poles). This stirrer is‘very effective not'only in stirring but also
in removing'any particles that tend to stick to the walls of the tube

above the liquid level.

The Question of Completeness of Precipitation of the Protein.

'In the denaturatioh-delipidization procedure described above
for-handling*fhé lipoprotein preparations, only a small amount of work
had been'done'to check for p03sible losses of protein in the super-~-
‘natants. The supernatants of the first couple of'samplés were checked

for ninhydrin-reacting substances by hydrolyzing the supernatants

% ' The iron must move freely in the sealed tube; any glass-metal fusion
will subject the glass to strains that are likely to crack the glass
and thus ruin a sample, especially during hydrolysis with HCl.
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in 6 N HC1 and testing for amino acids by the usual filter paper spot
test_using the ninhydrin-butanol spray and heating to develop the color,
The color that was‘developedlwas compared with color produced by a cor-
responding aliquot of the delipidizéd protein hydrolysate. Although

_only a very small fractlon of the ninhydrin- color of the hydrolysate e

was produced by the supernatants, nevertheless” 1t dld not preclude the
possibility of appreciable losses* of protein for these pooled lipo-
protein componentS’and even larger proportionate losses for those com-
_=ponen£s»having a lower protein content, As was pointed out by Frank
Lindgren, Virgil Herring, and Frederick Aladjem of_this laboratory

and by Prof. Harold ‘A, Gordon (a~wartime member of the Harvard Blood
Fractionation Group), the comparatively mild denaturation—delipidization
end ;he.possibility of solubilization and/or denaturation 'protecti.on49
by the large quantities of complex-1lipid could result in appreciable

losses of protelnov Aladgem and L? of he.Laboratory encountered‘

apprec1able losses of proteln espe01a y'w1th smaller amounts of llpO—
protein and/or those lipoprotein components low in protein in their
attempts to use a trichloroacetic acid precipitation prior to the de-
termination of nitrogen by.the Kjeldahl'procedureo Furthermore, -the

writer had frequently observed a rather copious, white, flocculent

¥ The experiences of numerous: investigators in the hydrolysis of
proteins in the presence of various impurities emphasized the dangers
involved in incurring appreciable losses of at least some of the amino
acids dve to complex and little understood reactions with any impurities
present . (confer, for example, -the Maillard reaction48: ‘destruction

of amino a01ds by heatlng in the presence of glucose and other carbo— :
hydrates) e e '
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substance that”fofmed_when.the lipoprotein«components.were stored
overnight at,-éOo‘C after.ihe absolute alcohol had been aadedvto efe
fect the initial denaturation-precipitation reaction‘and the precipi-
tated protein centrifuged. ' When the supernatant was warmed to room
temperature, most of the secondary precipitation usually dissolved;
-tﬁere‘were; hpwever; a few samples containing the flocéulent precipi~
tate that seemed to be quite insoluble., - Keeping in mind the possi-
bility of irreversible changes in the lipid of the supernataﬁt, oxi-
dative;.polymeric,or otherwise, the possibility that some of the protein
had not been completely precipitated could not be disregarded. A4s-
pointed_outvbefore aﬁy such protein losses might result in a partial
fractionation of the protein moiety, the precipitated protein no longer
being representative of the»tofal protein moiety and hence quite.useless
in so far as this,investigation.is-cdﬁcerneda' Therefore, it seemed
best to check the completeness of the precipitation of protein to see:

whether the losses, if any, were significant,

The Analytical Detegmipation of Microgram Amounts of Protein. In

checking the completeness of precipitation of,prbtein‘in'lipoprotein
samples having b'to‘092 mg protein per ce, it is necessary to have

a quantitgtive analytiéal procedure capable of assaying 1 to 10 micro=-
grams of protein or protein.equivalent, There are, of course, quite
a few more or }ess satisfactory'methods.fdr ghe:uifra-
micro%nalyéisso{sl’sz’53)54‘:of ﬁnhydrolyéed,profeihsol :"

It 'is tc be noted, however, ‘that all of



these methods depend upon the establlshment of some sort of standard
callbratlon curve to be determlned under reprodu01ble condltlons°
Such a llmltatlon means that these methods can be- applled with any
degree of. confldence only to the determlnatlon of different samples
of the same pure protein used for the preparatlon of the partlcular
standard curve, At this stage of the work, not only was there no
evidence for a quanfifative eimilarity between components (pooled end/
ervindEViduai samples) but tﬁéfe was not enough proﬁein available
forlthe esﬁablishment of "standerd" calibration curves. Furthermore,
all efuéheee methods depeﬁd ﬁpoh tﬁe protein beihg in solution-as the
" native broteinyor as some solubilized form preduced byiinitial alka~
llne hydroly31s or some other: m.ethod° It ﬁight aise be pointed out
.that the presence of the large quantltles of the complex and variable
llplds found assoclated w1th these llpoprotelns would interfere dis-
astrously w1th many of the standard'methods of proteln analys1s |

mentiehed above and that any extehsive-delipidizatien procedure will



resulﬁ in extensive desolubiliiation‘of‘the parfialiy*.deidpidized.
protein, 4 l_ “ x ) | ‘ | |

All in 811, it began to appear that the adaptlon and/or
development of a satlsfactory procedure for the determlnatlon of the ;
proteln molety of the llpoproteln components was a separate‘progect
in 1tself and hardly worth thls 1nvest1gator's efforts in view of
his 1nterest belng restricted to the evaluatlon of proteln recovery
in any denaturatlon-del1p1dlzatlon procedure° There was one techhlque
thet seemed most conveniently adaptable to the orerall dehaturation—
delipidization—hydrolysis—chromatogrephic procedure aireedy.outlihed;
this was the use of a modlflcatlon of the nlnhydrln technlque on paper
7 used to check the end—p01nt of hydrolysis of dellpldlzed proteinso
Although at this polnt in the 1nvest1gatlon the colorlmetrlc nlnhydrln.
' procedure of Moore and Steln had not glven the preclslon des1red, 1t

was thought to be good enough for use in the determlnatlon of the

¥ In thls investigation only enough lipid was removed to avoid inter-
ference with the paper chromatography of the protein hydrolysates.
Although some of the lipoprotein samples seemed to have been completely
delipidized by the simple water-alcoholic extraction procedure, there
was ample evidence that many samples still contained appreciable amounts
of lipid albeit not enough to interfere with subsequent chromatography
of their protein hydrolysates., The preliminary chromatggraphic studies
with P32_1labelled whole native lipoprotein seemed to indicate that a
more effective separatory procedure than that of simple batch extractions
will have to be used to effect complete delipidization. Some modifi-
cation of this micro-chromatographic procedure should easily strip all
the lipid away from the protein moiety. The totally delipidized protein
however, would be a denatured-coagulated mass probably very strongly
attached to the adsorbent, and hence hardly ready for immediate protein
assayo
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total amiuqiacidsupf;protein;hydrolysates; it was also hoped ﬁhat some
clue as to the source of error for the single amino acid might be re-
vealed by an extension of the-use of thls reagente

B At this partlcular stage of this investigation, the feeling
was current that the protein meletles ofvthe various lipoprotein com-
ponents werelidentical or at least very-siuilar preteiusj hence, it
was felt that an.arbitrary "synthetic" protein hydrolysate would serve
as a good standard for the various hydrelysates; this same ”synthetic“
protein hydrOIYSate could also be.used‘for checking,the.efficacy of _
the proposed‘qualitative and Quantitative paper chrematographiedpro—
cedures, | - h | :

L1 fhe'available evideuce indlcated that the lipoprotein
componeu?svuere:globulins,or globulin;like proteins55956’57° A syn-
thefic gammauglObulin hydrolysafe was prepared by adding the calcu-
lated amount of each of the purest - dry amino acids available° ‘The
amounts of amino acids added were calculated dlrectly from the data
published by Edsa1158 based upon the work of Brand and Edsall59 and

d60°' No spec1al attempts were made to purify the commercial amlno

Bran
acids used. Slnce previous. paper chromatographlc work with all of

these commerc1al preparations had indlcated 51ng1esspot homogenelty
for each, further puriflcatlon at this time seemed rather pointless.

All of the amlno ac1ds used were drled in vacuo at llOo G, for fortya

eight hours in a large, heated de31ccatar61 using a.@mega«vac" pump.
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THE COMPOSITION OF THE SYNTHETIG'GAMMA—GLOBULIN HYDROLYSATE

Semple ~ Form of Grams** of  Milligrams of

Used . sample " ‘Amino Acid’  Amino Acid##® -
: : - per 100 G, Added to 50 ML
" Protein - - 'Water (Final

_ | . ‘Soln.)
1. .Glyciné ‘ Paragoﬁ #2384, : ~.H4,é'u. ﬁ Zl.d
2. Hanine  ER*845 di  - | '---7
3. TVelire KK 1678 dl 9.7 485
Ao Leﬁéine | Merck 44341vl(;) ‘9;3_' a . »41;5
5. Isoleucine  GBI¥6152 dl 2.7 135
6. Proline GBI 16306 1(-) 8.1 405
7. Fhenylalanine GBI 16179 dl et . 2340
8. cystéine GBI 16394 1) HOL 0.7 | 3.5
9. Half-cystine EK 667 1'_l 24 1200
lOO'Mefhionine EK 3167 jal v( : ifl  . 4.A‘ 5~5,“
11, Tryptophane GBI 16376  1(-) | 2.9 1445
12. Arginine  Merck .12371 1()1KCL 4.8 20
13. Histidine  EK 4274 1 1HGL 2.5 12.4
14;”Lysi;é GBI 16267  1(+) 1HCL 8.1 40:5
15. Aspartic Acid EK 1010 a1 8.8, :';4.0 |
16. Glutamic Acid Merck 36991 14)  11.8 : B 59,0

* Fastman Kodak Company and'Genérél-Biochemicéls, Inc,
% Dafavfroﬁ.Brand6Q° “

®¥¥#¥  Cglculated as the free amino acid,
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- Sample Form.of . . Grams of
Used . sample Amino Acid
) . - . . . .per 100.G
Protein
17, Serine - . GBI 16308 dl-- . .. 1l.4
18, Threonine . GBI 7283 dl. . - 8.4

19, Tyrosine.  EK 666 1. . <o bu8. . o

Milligraffis..of
Amino Acid

~ Added to 50 ML.

Water (Final

- . Soln.)

. 57.0
42,0

This ad hoc mixture of amino acids simulating a gamma-globulin hydrolysate

was then used for establishing a standard color curve for globulin or

globulin-like protein‘hydrolysateso
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As p01nted out before, the flrst task ‘was to ellmlnate the flnal source (s)
of error in the Moore»Steln nlnhydrln procedure as applled to these amino
acids. The ninhydrin procedure as used for the valine standard was applied
without change to aliquots of the synthetic gamma globulin hydrolysate. —The

first set of four samples run simultaneously looked very encouraging:

Hydrolysate equiv. to . Optical Density
Microgram of Unhydro- . x 1000
lyzed Protein : '

0 . e T

10 - S I I .. 137

10 S £ <

20 : - 3T

20 293

Since these results looked encouraging, it seemed best to determine the
standard curve without further tampering with the procedure. The results
were obtained by running a set of five samples siﬁultanédﬁsly,'each containing
an amountvof_hydrolysate equivalent to 0, 10, 20, 30, and 40 micrograms of
unhydrolyzed proteiho The reéults‘of a series of such runs are summarized

in the accompanying table. The only satisfactory results in this table were
the consistently low blankso Something was drastlcally wrong, but it seemed
advisable to proceed with the appllcatlon of the procedure to an actual
‘delipidizedi lipoprotein hydrolysate before further modification of the nin-

hydrln reagent and procedure.

-



Optical Density x 1000:

Amt, of Unhydrolyze VR A —

Poteln e Sl Sy B P X W
' Set #-;‘ S 46 142 298 433 681;
#2 3 216 278 600 705

#3380 138297 . 483 . 654
EL vy o133 2 e 618
#5 | 37 145 298 94 65T

All four samples of each "hydrolysate“ level prepared and run s1multan-
eously° . - RPTI '._1,' 1 |

The hydrolysate used wes obtaiﬁedxin usual way be deﬁaturation, deli-
pldlzatlon, and subsequent hydroly31s (6 N HC1) of dupllcate allquots

of a pooled beta—lipoproteino_ The flnal hydrolysate contalned l 28

mg hydrolyzed proteln per 1 OO ccoﬂ The flnal hydrolysate was centr1_
fuged and the volumes found to be 1 OO CCy’ Four 100 mlcrollter samples*
were taken for the nlnhydrln analy51s, each sample was neutrallzed by
addlng lOO microllters of 6 N NaOHo Thls was followed by the regular
nlnhydrln procedure us1ng 2 OO ml nlnhydrln reagento Here is a summary

of the striking results:

¥ It had been intended to analyze for less protein, but the calcu~
lated concentration was only one-fourth of what it should have been,
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Sample # ... Description

0 o (blank contained 100 microliters
B of 6 N'HCl and 100 microliters
of 6 N NaOH) Orange color,

#1 . Green color--the solution ‘was found
to be very basic; had to add
75 microliters before color slowly
darkened (purple) at room tem-
perature, Green color indicated
some extensive production of a
yellow compound. Deep purple color
in about 10 min,

#l ' - fGreeh.color ‘ ‘
#2_ Green color Added 50 microliters
of 6 N HC1 to each
- 6f these tubes.
#2 4 ~ Green color.

Then all five flasks were returned to the steam bath for 15-20 minutes,
The blank was unchanged but the four samples were a very deep purple.
This run was the flrst check on the bufferlng capacity of the Moore—
Stein reagent' obv1ously the bufferlng capaclty was extremely lOWo

The buffering capa01ty was further checked u81ng only 20 ’
mlcrollter allquots of four other 6 N HCl hydrolysates that contalned p
much lower concentratlons of amino acids; no NaQOH was added to "neup'

tralize" the excess HCl.



w8l

Hydrolysatez Typeof  Rumn #1 Run #2 Run £3%  Run # 4
Sample Desig- lipoprotein‘ .

natlon o
Blank = (20 micro='" "6 " 12 55 . - 68
liters 56
~ N HCI, conste
. _b0111ng)
84 R-LT§ . Pooled_beta— 22 13 408 393
T lipoprotein S
69RPL, 5,213 1 - 0 203 192
94 R-6T;  Nichols! < 16" 8 288 286
o Mlow protein® o
86 R-6T Nichols ! 22 ©18% 405 433

3 "high protein®

K11 the blanks and éamplés'bffnuns-#]lfand'# 2-logked-gliké.
Obviouéiy,_ﬁdfmore'than'éo micfbiiﬁers of constant boiling HCL (5.6 N)-
| was needed,ta_éhift the pH so far to the acid side that absolutely

no colof'was'ﬁfhduéedo As a matter of fact, it was soon shown that
even such SIight variations of 4 O, 05vcc in the'0v4 cc volume of water
added to ‘the dry sample in the flask prlor to the addition of the

2 OO ml volume of nlnhydrin reagent were readlly detected in the final
spectrophotometrlc determlnatlonov With these facts in mlnd Runs # 3

and # /4 were performed as 1ndlcated in the tableo

# Runs # 1 and # 2 finally indicated that the most 1likely source of
error for all previous ninhydrin determinations using the unmodified
Moore-Stein ninhydrin reagent lay in the assumption of the existence

of appreciable buffering capacity at FH™_5. Hence, in Runs # 3 and

# 4, the 20 microliter samples were evaporated to dryness (air oven
1352 C~=20 minutes was suffic;ent) in the 5 ml volumetric flasks, this
was followed by 0,40 ml water and 2,00 ml Moore-Stein ninhydrin reagent.
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~ Another attempt was ﬁadg to secure a suitable éalibration'
curve for proteins using thé synthetic gamma glbbulinfh§dr01ysaté ;
as the standard hydrolysate. The resulis are summarized in the ac-
- companying table and averages of the optical»deqsity”were plotted on
linear graph paper. All fcur values for each point were determined
simultanebuslyo An almost llnear plot of optlcal density vs. micro-
grams of globulin was obtained in the range of 10-40 micrograms (Fig. 16)o
This curve was used to checklthe protein recoverleslln'those four
protein hydrolysates used to demonstrate the low'buffering capacity

of the Moore-Stein ninhydrinvreagent:

Hydroly~ Optical Density x 1000 Equiv.  Minhydri- TCA Kjeldahl

sate~Sam- Run #3 Run #, Mean Microgrs. protein - (Tri-. N protein
ple Desig- _ of Gamma equivalent chloro- Mg.-%
nation ' . " Globulin acetic -
. ; Acid)
Protein.
Mgo-% 5
Blank . 55 68 = = | o
84 R-LT,'™* 408 393 A0L 254 254 250 310
69 R-PT, 203 192 198 13.6 136 17 3%
94 R-6T, 288 286 287 19,4 194 187 252 '

86 R-6T, 405 433 419 26 264 u2 A4
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Protein Calibration Curve Using Ninhydrin Solution No, 2

Micrograms of - ";ﬁ Optical Density x 1000 - Mean - Std,' 
Unhydrolyzed Blank ‘ o ' : Deviation
Protein equiv, ' : B - ' from Mean

10 58 133, 133, 133, 142 -~ 1354 4

20 54 295, 297, 296, 302 298 4 3

" 30 " 48 475, 486, 490, 480 483 £ 6

400 52 691, 664, 690, 680 682 4 12

100 47 1270, 1270, 1230, 1240  1250% 18

Although the recoveries as determined by the ninhydriﬁ procedure
on hjdrblyéaﬁés obtained from'alcoholatreated lipoproteins compafed
rather well with those obtained from the corresponding the TCA-treated
lipoprotéins, both'series of Tesults were very low compared with those

obtained from the total Kjeidaﬁi'nitrogen by subtracting the lipid
: Kjeldahl nitfogeno' If the Kjeldahl nitrogens were reliable, the losses
during alcoholic denaturation and/or delipidization were far greater

than expected*¥,

ot

* % This value was equivalent to a %-Transmission = 5.6% and hence sup-
posedly beyond the "workable®™ limits of the Beckman spectrophotometer.
The particular instrument used in this investigation functioned so well
that accurate, reproducible results down to 3%-transmission were obtained
and used routinely despite theoretical limitations,

- ¥¥%  Gross losses during hydrolysis could not have been great enough to
account for the discrepancies. About 20 to 60 percent of the protein
. could hardly have been destroyed under these conditions of hydrolysis
although 10 to 20 percent might have been. There is also the possi-
bility that the phospholipid nitrogen values were in error (cf, last
Section) and/or that non-protein nitrogen (such as that from glycosa-
mines suspected to be present in these components) as yet unevaluated
might eventually decrease the discrepancies between the three methods,.



These preliminary runs'indioated that fprther stg@yvof‘pro-
‘tein recoveries was in order, Although at the . tlme there was no
concern w1th the question of complete recoveries E_u se, there was
interest in securing a representative sample of tho protein moiety for
~amino écid analysis; if as much as'60_percept.of the protein was being
lost with the lipid fractionms, thefe was always the_possibility that
some selective splittinérof the molocgle:or fractionation of the.com- ‘
ponent had occurred removing only certain specific pgrts of the poly-
peptide chains,'leaving a non-representative "protein™ forvsubseouent
hydrolysis:and analysis,’ |

Another ninhydrin solution had to be prepared before further
work could be done. - This Solution (3) was checked by drawing up an-
other calibration curve for the standard synthetic gggggfglobulin
hydrolysate. The results are summarized. in the accompanying table.
Although the pre0151on was sllghtly less than that obtained for nin- _
hydrin Solution 2 (the data was obtained over a period of a_weok),
the resultsvgave a very straight lino'plot° This Solution 3 and graph
wero_thon.used‘for)further_study of protein recovery. These results

are summarized in the next table,
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. Optical Density x 1000. -

Kiount of Syn.

Gaiia Globulinm O 10Y 20 ¥ 30y 40y

Hydrolysa‘te (Blank){; Y SRR coe

Set # 1. 33 138 L 318 ;9é | ‘66"7'" '
set #2033 . 19 92 500 692
Set # 3 28 . 139 302 477 653
Set # 4 32 133 307 -‘~49’?; &
Set #5 - 33 11 ;327 LBt 672 -
Set # 6 3 132 298 1468 678
Set #.7 38 U4 303 o506 685

Mean and Std. 34 T 2.1 138 £ 2.6 307 £ 7.4 496 €113 678% 9.4
dev1atlons '
This ninhjrdrin sblution was then used to cAh»ec.k. the protein,,_ .
recoverles of a large series of lipOprotein componen‘bs agalnst the i
recoveries obta:.ned by the Kjeldahl and the trlchloroacetlc ac:Ld (TGA)
prog_edx_zres. The r_esu]_.ts of this study are adequately summarized in .

the ‘table below.
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COMPARATIVE SUMMARY -OF :PROTEIN RECOVERIES FROM
VARIOUS LIPOPROTEIN SAMPLES BY THREE METHODS

Sample S¢ Value Mgo.-% Protein  Mg.-% Protein Mg.-% Protein
Designation or Range by Ninhydrin by Kjeldahl by Kjeldahl

' - (Delipidized -~ (Total Nitro- (TCA Nitrogen
Protein Hydro- gen minus Li-~ minus Lipid

 lysate) " pid Nitrogen) Nitrogen) -
8R-IT§ = 6 s 3650 250
69R~PTy 13 and 136 37 17
sove. , C
%R~6T7 17 and ~ 194 S 252 1847
‘ above : . ' B
- 8R-6T; . 6 264 Wd 342
~ 90R=15P 17 to 25 . 9% | 139 114
 90R-6T, 80 t0.200 . . 50 . 8 ~ (no TCA
90R~15T,, 100 and 75 191 10.6
' ' above : _ ‘
9OR~15T; 45and 92 166 T bl
..~ .. - ,above o e
6A (same 6 272 365 250
as B4R~ . o oeoT T
L4 \ .
8R-1T, 10 253  (sample  (sample
' lost) . .. lost).
85R=1T5 8 : 357 332 . ~ (no TCA
. ' . ' ' ppto)
98R-T3 1/1 6 233 269 175
24 (serum 837 795 807
: albumin)
© 96R-T, 300 and 25 | 2holy ~ (no TeA
above ' ppte)
96R-T; 60 and 86 115 100
above ' .
105R-1T; 13 73 123 4842
105R-1T, 10 60 151 67.5

Bl



 Sample. -
Designation

1053-;1-3 |

S¢ Value
or Range

10

(centri-n

fugal
serum

.superna=

. tant)

1053—2T3

1063-1,21\0”

A1R-T,

- -87-

by Ninhydrin

(Delipidized

Protein Hydro-
lysate)- . .

47
3

| (same type : 49 .‘
of sample = - .

as 105R-2T,)

100 and
. above . ...

e

;“(chylomicra)’-m» l1a

~“{chylomieren 23
“;ba°k3r°un@)j '

30,

Mgoi% Protein
by Kjeldahl

~ (Total Nitro-

gen minus Li-

. 'pid Nitrogen)

118
1193

120.5

v(ﬁd reéult)

(method too.
_insensitiVe)

6104 L.

. 3243

- Mgo.~% Protein

by Kjeldahl
(TCA Nitrogen
minus Lipid
Nitrogen)

'66o9
65,0

61.9

(notresult)
. (no TCA

pPpt.).

37.5

L



- =88~

. s a result of ‘the dlscrepanc1es between the varlous proteln
.recovery methods the follow1ng modlfled, slightly more drastlc denatur-
atlon-dellpldlzation procedure was checked as satlsfactory and was used
'1nvall subsequent works

o The prec1p1tated 11poprotelns ere heated in the presencehof
thelr 75-80 percent alcohol-denaturlng medlum just below reflux tem-
peratures (about 80° C,) for 6 to 2/ hours. It was,ahowever, soon
notlced that, for some llpoproteln samples espec1ally those obtalned
in very samll amounts for analys1s, a s1ngle heatlng may not be suffl—
cient for av01d1ng 51gn1fieant loss of proteln, 1t 1s necessary to
'“check all s Eles for completeness of prec1pitatlon by repeatedly |
ohllllng (w20° Se 5 10-20 hrs J and heatlng (75° C., 6=8 hours) until’
all the_“llpld" that preclpltates out . upon chllllng readily redlssolves
upon heatmg° The alcoholic ‘precipitating medlum is removed by thcrough
centrlfugatlon and very -careful plpettlng, great care belng used to avoid
materlal losses., - ,

| lhe orecipitated lipoproteiniis'extfsctea with 5 ml.of 75
percent etﬁanol;water by heafing at 75°_Co for four hours on a modified
air-oven* with frequent, vigorous'stirringo‘ The extracting medium is
removed with great care by centrifugation and pipetting. This heat

extraction is repeated twice,

¥ Twenty holes (five;eights'inch) were drilled in the top of an ordin~-
‘ary asbestos~insulated ovene : .
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'vTheppartially delipidized_protein.is then{eubjeoted‘bo three
or foﬁf”eitfeotions withl5 ml abso;ute'ethanol, the extraction procedure
beiog the.saoe as that for the 75-percent ethanol above, .

The delipldlzed proteln is then gently warm-air dried to
vremove the 1ast traces of solvent and 1s now ready for hydrolysis.

e the dellpldizatlon 1s still 1nsuff101ent for any reasoh
or‘pufpose, the alcohol;o heat extrectlons‘may be followed by a simi-
lar‘triple extraction oy‘heeting:with a chloroformeethanol (1s1 by
volume) mixture, It might be pointed out that the chloroform-ethanol
extraotionsuare usually.unnecessary exceot for lerger aoounts of some v
iipoprotein componenfs (e;go; pooled_eemples) or for those studies where
more‘ooﬁplete delipidization'oay be deeired beyond the requirements of
semi;quehtitatioekorvquantitati§e amipo eoid enalysis using paper chrome-
tography; -k sihgle chloroform~ethanol¥heat extraction.can be conveniently
used to ellmlnate the p0351billty of 1nsuff101ent delipidization espe01ally

for those lipoproteln components of hlgher llpld content (S >35).

Qualitative Analysis of the Protein Hydrolysates

E.preliminary quelitati#e-analysie"of the eynthetic gamma=
globulin hydroljsates and the delipidioed lipoprotein hydrolysates
was effected by means of smalloscale (8 in, x 8 in,) two~d1mens1onal
paper chromatography using known amlno acids as markers.’ The procedure
desorlbed below was based upon_rellable reproduolb;llty of the relative

positions of the various amino acids from a protein hydrolysate (or



other complex mixture of amino acids) subjected to two~dimensional _

paper chromatography under carefﬁliy.controlled'experimental"conditionséz;

the use of the absolute distance of movement for each amino acid

(Rf value)1® in'e'cemplex mixture of”aﬁino'acias had'alfeady been shodgéa

to be subject to meny.unknown uncontrollable variables and hence had

to be diseegardedvin this investigation. The procedure was as followss
The synthetic gamma-globulin hydfolyeate is chromatographed

two-dimensionally using increasing amounts of “hydrolysaﬁe" until ‘the

number of amine acid spots (located by fluorescence and/or ninhydrin)

corfespehds to the known number of amino acids added or ﬁntil no fﬁrther

SpotSreppeero The amine acid spots are then tentatively identified

by running a large series of small and large two-dimensional cliromato-

grams, judicieusly adding selécted one,.tWO,ior three known amino acids

‘to the synthetic gamma globulin hYdroleateVSbot_prier to development

‘of the chromatogram, the large scale (18 in, x 22 in,) two—d1mens1onal

chro&afograms are used only'for the 1dent1flcat10n of trace amounts

of amino acids and where greater resolgtlon may be required forrsome

of the amino acids. Once a satisfactory‘eualitafive-andlysis~of‘the

vstandard synthetic gamms globulln has been achleved by means of amino

acid markers, the entire series of runs ‘is repeated for the unknomwn

delipidized protein hyc_irolysateo Thus far the procedure is quite simple

and rapid provided most of the two-dimensional ehrOme£0graphy ie‘per-

formed with the small scale (8 in;‘i”8‘ino) papers, and the results

obtained are usually quite reliable, * Positive identification is a
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muchtmorefinvo;ved proéedure involving as it does extensive use of the
" slower-large-scale two-dimensional paper chromatography, elution :of
each amino acid, and thé-chémical and/br physical identification of
each amino -acid for further checks on”ﬁurityci

Here is the broéedure used fof the conélusive identification
of the amino acids'of An unknbwn5protein'hydrolysates £11 the spots
of the hydrolysate's amino acid péttern tentatively identified by the -
?marker"'prqcedure descrived above. -Four‘to eight large-scale (18 in. x
22 in.) two-dimensional papefvchrOmatograms are run containing an amount
" of hydroljsate equivalent  to 0,2 -~ 0.3 mg of protein per éhromatogramb
Each set of corresponding spots in these chromatograms are cut out.and
‘eluted chromatographically between glass slides (cfo prooedure used . -
in quantitativé,elution of amino acids .from paper in the'qganfitative
Section)s: 411 the eluates-are'réchrométbgraphed on paper (one- or.
two-dimensionally) using a solvent system entirely different* from
the two 801vent.systems used in the:isolatiVéhchromatograma. This step
isfnecessar& to'prove that all the spots of a given set represent the
saﬁe'substancé%ané'also'to'effecﬁ.a*furthér'purificationlof the sube
-stance,: The substance is eluted chfomatographically'gnd*placed in -
one or mere small ’_chick;walled tubes with 5.6 N HCL and sealed., The.
!tuﬁeé’are then heated at‘llOQicwfprjé t0:12 hours to check for

Lok

¥  For example, if Hy0-phenol and HOAC-BuOH-H,O were used in the original
chromatography, then an effective basic solvegt system such as collidine,
lutidine - Hy0 (13132 by volume) mlght be indicated for most of the

anino acids except cystine whlch is destroyed by a basic solvent system
in chromatographye‘ ' : S : IPSRRLI :
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complgteness‘of pydyolysié;mthe hydrolysdte_is then rechromatographed.
If more“p@ap.a“siﬁgle spot-is‘obtained*, the original protein hydrolysis
wasrobviougly,incomplete~and is repeated ﬁsing,the morgirigorous hy- -
drolyziﬁg a:nditiong»used above (sea;ed tube). On the'dther_hand,
if»axsingle spot ié_gbtéined, th§ sﬁbs@épce;is~élﬁtéd chromatographically
onceo‘;Small aiiquéts'of £he aﬁiﬁo acid are rechromatographed with a
kyown<samp1e of the aﬁino acid‘it is suspected,to be and with any other
.sgspected amino acids with similar Rn's.. If the unknown and known
- .give a sharp single spot'and the other substances»give'two-spots, the
compqund cante said to be identified., 'If, however, any doubt remains,
it ¢an be-eliminated by means of a seried of specific.spot teste.on :
filter paper for functional groups; if énoughjof the amino acid remains,
it can be f?rther checked by.tbe:preparation;of a suitable:chemical
derivative, .or the compound can'be'crystallized.and studied as a pure
crystal, | E

- In thls 1nvest1gation, the qualitatlve 1dent1flcatlon of

the amino a01dS was carrled only to the p01nt of checking the results
of the second more rigorousihydroly31s by chromatography with. those
amino acids eaqh,époﬁvwas most likely to be identical., The delipidized
protein hydrolysaies of several compohents repfesentative,of,the human
serum llpoproteln “gpectrum™ were studied. The main components-of these
llpoproteln samples possessed the following flotation rates (S. units)s

- 6, .13, 20, and 35 to 100,

% The p©551b111ty of multiple spots for a 31ngle pure compound must6 '6
of course, be watched for and eliminated by changing solvent systems 3565



The following amino acids were in found in every component

qualitatively inﬁestigated:

1, ‘Cystineo 11, Valine.

2, Cysteine%, 12. Tryptophan.

3. Aspartic, - - 13. Isoleucines
4o Serine, ' 14 Fhenylalanine,

5,  Glutamic, . 15, Leucine,

q60- Glycine. - 16, Lysine,

7. Threonine . 17, Histidine,

8, -Alanine - 18, Arginine.

9. Tyrosine _ - 19, Proline,

10, Methionine.

¥ Almost certainly present, but not definitely established, Presence
indicated by characteristic faint ninhydrin spot near cystine, These
" spots are gimost certainly decomposition products. There is too much
destruction during hydrolysis and chromatography for identification,

" Qualitative identification can probably be best effected by studies

on the intact, and/or delipidized lipoprotein componento
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QUANTITATIVE COMPARATIVE STUDY OF SOME Or THE
AMINO ACIDS OF TWO LIPOPROTEIN COMPONENTS

A1l experimental detéilg that were considered;§0;be a necessary
basis for the.develcpment of a finélAquantitativevpaper ehromaﬁographic
procedure for proteln.hydrolysates seemed to have been. studled quite
adequately as . detalled in the previous’ Seetlono Despite the convenlenee,
rapidity, and apparent reliability of the semi=quanti§atiye-mgrker»dilu»
tion technique, any visual comparative procedur&_would.havg té be substan-
tiated by a m§re objective and é more quantitative method gspecially in
those cases where the proteins differed only slightly from each other or
were the same proteins. Furthermore, the SIightest variation in reagents
and/or experimental conditions might partially invalidate the marker-
dilution technique.

In-view of the fact that the final quantitativévﬁf&éedgréwgas
yet to be workpd out and that 1t was important for the general problem
of atheroseler051q to secure qu1ckly some 1dea as to the comparatlve
nature of the proteln mo;etles of the various 11p0protein component59 it
was thought best to run simultaneously the chromatograms of a synthetic
beta-globulin hydrolysate and the hydrolysates of the &elipidized com=
ponents, to develop the final quanfitative procedure using the chromato-
grams of the synthetic_ggﬁgnglobuiing and to apply the final quentitative
procedure tc the developed chromatograms of the unknown proteinso

Two ultracentrifugally homogéneous lipoprotein components were
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.obtained for the quantitative study.. One. of these. was a. pooled samble'

of "6Sp~lipoprotein”¥*; the other component was a very homogeneous single

“sample of“13§f lipoprotein (prépared in tw.ov,parts9 that were»ultracentri-
fugé.llj’identi_cal,'l\lo° 181R-5T1 and 181Re5T2)°. These_sémples wére appro-

~ priately aliquoted into'calibrated centrifuge~hydrolysis tubes. Each

aliquot was made up to 75 percent ethanol by adding absolute ethanol, and
then heat denatured by heating for 8 hours at 75-80° C. oﬁ air oven under
reflux conditions., The lipoproteins were then delipidized by>éxtracting
three times with 75 percent ethanol¥##** aﬁd three tiﬁes with abéolute

ethanol; heating 3 ﬁo 8 hours for every extraction. The various aliquots

were then hydrolyzed as needed with 5.6 N HC1 on a steam bath for 2/ hours.

% Sample prepared by pooling the lipoprotein fractions of about 20
individual donors &on-atherosclerotic)and purifying by repeated differen-
tial ultracentrifugation,

#*%  This sample was obtained from a single donor (female) who had
pronounced atherosclerosis.

¥%% It was found possible to effect the same delipidization by dispensing
with the three 75 percent ethanolic extractions and going directly to

four extractions with absolute ethanol with heating as above. Such a
modification, however, fails to remove much of the NaCl used in the prepara-
tion of the lipoproteins; hence, if the salt concentration is such that
appreciable amounts of it are left on the walls of the tube and/or in the
gelationous protein as large crystals, it is necessary to desalt the pro-
tein with 75 percent ethanol to aveid a variability in hydrolyzing condi-
tions, For most preparations the usual 75 percent ethanol extractions -
were necessary.



- T3

The synthetic: _ge_gg«-globulin'hydrblysate vas prepared in 50 ml,
batches using just enough’cdnsfantibbiling HCl to dissolve the amino acids.
The aminé acids were dfied;ig_zggggras ﬁasldone in the-pfeparationlof:the
éynthétic_gggggéhydrolysates used thué féroz The composition and other

pertinent data are summarized in the folloﬁiﬁg>table@



1.
2o

3.
oo
5.
6.
7.
8.

%

10,
11,
12,
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| THE COMPOSITION OF THE SYNTHETIC
BETA~GLOBULIN- HYDROLYSATE.

' Grams2 of

: Sample'ﬁsed- Milligrams
- v o Amino Acid of Amino Acid
v per 100 G ‘Added to 50
' Protein ML Water
: (Final Soln.)
Glycine Paragon #2384 . 5.6 28.0
Alanine City Chemical 6,0° 30,0
COrpoy NoYo ‘ o
Valine EK 1678 7i0 35,0
Leucine Merck 44341 e 7.9 f 3905 -
Isoleucine GBI 16152 5,0 25,0
Proline GBI 16306 701 35.5
Phenylalanine GBI 16179 4 2345 -
Cysteine GBI 16394 (0,8)° 400
. 3.5 A
Half-cystine EK 667 (2.7) 13.5
Methionine EK 3167 1.7 8.5
Tryptophan: - GBI 16376 2,0 10.0
Arginine Merck .12371 6.8 3460

8o

bo

Co

4o

6
Data from Brand

This value was obtained by this investigator in
preliminary semi-quantitative studies by means of
markers.,

The percent-ratio data for gamma-globulin was used:
cysteine/half-cystine is 0.7/2.4¢

Calculated as the free amino acid. The form of the
amino acid used (d and/or 1 optical forms, free base
or hydrochloride) is the same as that in the corres-
ponding table for the synthetic gamma-globulin hydro-
lysate, : .



THE COMPOSITION-OF THE SYNTHETIC
BETA-GLOBULIN HYDROLYSATE.CONTD,

Sample ‘Used Grams® of Milligrams
' Amino Acid of Amino Acid
per 100 G Added to 50
Protein ML Water
(Final Soln.)
13, Histidine EK 427 2.8 1440
14, ILysine GBI 16267 6.6 33,0
15. Aspartic acid EK 1010 9.8 49,0
16, Glutamic acid Merck .36991 1405 72,5
17. Serine GBI 16308 7.1 35,5
18, Threonine GBI 7283 6,1 30,5
19. Tyrosine EK 666 6.0 .

30.0



The most satisfactory procedure for quantitative recovery of
at least some of the amino acids seemed to be as follows: The two=
dimensional papervchromatogram_waS'to be developed and dried at or only
slightly above room'temperatu:e_(25~35°'Co)o . The amino acids were to be
detected by their fluorescence under an ultra-violet light; if the fluo-
rescence of any particular amino acid was insufficient for accurate loca=-
tion of all of compound, heating,at.aoo Co. was to be used until the fluo-
rescence was sufficilent. Once the spot wag satisfactorily located, it
was to be removed by elution chromatography in the apparatus (Fig. 18)
developed.by,Karleréévénd analyzed for amino acid content by the usual
duéntitative ninhydrin procedure (modified Moore-Stein précedure)o

It was decided to eheck the.procedure for blanks and recovefies
.using valine spots on ﬁhwashed-filter paper withqu.t‘chroma',tographyo Here
is a summary of a typical run:

Spot Noo Micrograms of Valine - ' Amount of, Heating Optical Density

X1000
0 | 0 nome o amw
.l . : . 20 | 'vihoné : | 373
2 20 "go.ne, o 372
3 A . 20 _'. »’806 6,»6 hrso' 353
L 20 . 8°Gc, 6hrs, 332

In view of the very large blank, the "losses" of wvaline upon

vheatlng were more apparent than real # The. ordlnary nlnhydrln blank is

* After the sample had been removed by elution chromatography, the papers
of the spots were dried and examined for possible valine losses by ultra-
violet fluorescence and the ninhydrin-spray reagent. No residual amino

. aecid could be detected. This test procedure was used for all other amino
acids studied whenever there was' the: slightest possibility of amino acid
losses in elution chromatography.
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about 46 x 107> 3 this mesns a-ninhydrin.blank ‘equivalent to. above 9.6
micrograms of valine insﬁead*of‘2°5 micrd@rams. It was thought best to
concentrate on the lowering of the blank of elution,

| It was pretty obvioﬁs thatuthe‘large and variable blank coming
from the eluted impurities of the unwashed filter paper strips used for
carrying the eluting liquid (H,0) from trough to spot and from the spot
to the volumetric flask was respbns%ble for the high blank. This was con-
firmed by ﬁsing carefully watér-washed filter paper (papeis actually
washed by chromatographing off the impuritieSp6796%§the values for washed
blanks'véried from 60 to 80 x 10"3, the ‘blanks being very reproducible
~when run simultaneously, |

" The elﬁtion procedure seemed satisfactOry‘for-valine, at least.

. The procedure was then applied to the récbveriés of valine from two-dimen-
sional chromatogramé prepared by chromatographing the synthetic y-globulin
hydroiysate using the'small4ééale (8 in, x 8 in.) two-éiménsional chroma=
togramso Four small-scale two-dimensional chromatograms were setup each
containing an amount of synthetic Y&globulin hydroysate equivalent to
100 micrograms (9.7 micrograms véline) and deveioped under exactly the
same conditions using the usuai:water—saturated.phenol and water-butanol-
acetic soivent'systems; the valine.was 1ocatéd by its’ultra-violet fluro~

escence after heating for 6 hrs, at 80° C. The four spots* were cut out

* A corresponding blank spot for each valine spot was also cut out and
eluted simultaneously., Each blank spot was adjacent to and approximately
the same size as the valine spot. It was thought such blanks might be
necessary correction factors for the blank of the paper after the develop-
ment by the two solvent. The valines for the blank spots were 27, 17, 13,
25 (X10~3) respectively. Satisfactory recoveries were obtained without
the use of these blank values; hence they were not used. Further work on
these blank paper spots was performed. in the final quantitative study.
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- and eluted chromatographically (2 hrso) with water., Here is a summary

of the results:

: No, of Chromatogram Optical Densitj P4 103
‘ashed Blank I 52
1/ 10
2 (9/23/50) 175
3 (9/23/50) - 198
| A (9/23/50) - o 197 |

?

The follow1ng series of large-scale two-dlmen31onal chromato=
_graés were run for the quantitatlve study° ekl
(l) Ten chromatograms for each of these amounts of
synthetlc beta~globulln hydrolysate (unhydrolyzed
proteln equivalent)° 100, 150 200, and 250 micro-
v grams;' iv _.‘l o '
i f(2) Twelve chrOmatograms for hvdrolysate of pooled
6Sf 11poprote1n u51ng dupllcate samples of hydro==
1ysateo ‘ ‘ | |
_v(3)v Eight chromatog“ams for hydrolysate of sample
 No. 18IR-5Ty (S =13).
" (AYJ Elght chromatograms for hydrolysate of sample No.
18RSty (5= 13) o el hee D
. Other small (8 in, %8 in, ) and medium (ll=1/2 1n°fx»11~1/2

in,) scale twozd1m§n51onal uhromatqgrams-were'run Tor qualltatlve

* ‘The lack of great precision"here'is.not'significant as these results
were secured prior to the appreciation of the very low buffering capacity
of the ninhydrin reagent.

#% A1l of these chromatograms were eventually duplicated by the time

the final quantitdtive results were secured. Hence, the final quantite-
tive results actually represented the best of atibast sixteen chromatograms.
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identification of the amino acids; the amino acids already found

for components‘nithvéf{e of 6band 13 were readily identified.
All'the‘chromatogfens>for the'quentitative étudf nere prepared
under the same experimentel conditions using portions of the same batch
of solvents. The chromatograms were individually nrapﬁed in clean white
paper to eliminate dust, and stered in a dark room:until ready for analysis,
The first problem in the study of the developed paper chromato-
grams was that of location of the amino acid spots by means of ultravioclet
light w1th a minimum of destructlon of the amlno acids. It was known that
several of the amino a01ds, if present in appreclable quentities, fluoresece
on paper w1thout heatlng° An attempt was made to flnd these amino acid
spots w1thout heatlng, using the reflected llght of a "Mineralighth#
ultraviolet 1amp; it was found that the outef edges of the spots were
almost impossible to detecto It was also obserﬁed that the fluorescence
of the amino acld spots 1nereased upon standlng at room 'bemperature69
over a period of several months (2 to 4 months)g but not enough for
quantltatlve detection of the amino acldso Standing for a year or so
m_ght well bring out the neeessany flu,c\res,cence37 but such a step would
be impractical and would almost certalnly result in the slow destructlon
of at least some of the amino acids., It seemed necessary9 therefore, to
subject the apapers to some sort of mlnlmal heat treatment to hasten the

development of the flugrescenceo

*  This ultraviolet source is the "Mineralight", Model No. R51. (110 volts,
17 watts), manufactured by the Ultrav1olet Products Corporation, Los
Angeles, Callform,a,° e \
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" A series of héating‘experibents were set up using some of the
two~-dimensional chromﬁtograms prepared for the qualitative identificatien
of the amino acids. Each of these sheets were heated at different teﬁpera-
tures for different'lengths‘of time, ' 4 batch of the duplicate two-dimen-
sional chromatograms were set aside as standards for a rough qualitative
‘measure of the degree of destriction of any of the amino acids.’ A- chroma~
togram was heated at a'specified-temperature until the amino acids fluo-
resced* satisfactorily for ready identification; the heated chromatogram
and one of the unheated standards wereé sprayed uniformly three times with
a 0,25 percent ninhydrin solution (water-saturated butanol) and heated at
- 60° Cin a water-saturated atmosphere until the maximum color had developed.
" The lowest practical temperéture-Séemed“to be 80° C for 6 hours; however,
‘even at this temperature tyrosine dnd possibly several otber amino acids
seemed to have been "deétrbjed",‘or at least converted into a non-reactive
ninhydrin -form. Névertheless, it was thought that enough amino acids
would be stable under these éonqitions to proceed with the elution of the
amino acids and their asééykb;A new, more sensipive'hinyhdrin'rgagent'soluy
‘tion’was prepared by careful coﬁtrol of the pH, and standard curves for
the various amino acids of interest in this investigation were drawn up

(Figs. 19 and 20)," : A :
Four of the deveiOped‘ﬁwo—dimensional‘chromatograms of the
synthetic beta-globulin hydrolysate were selected for each amount of pro-

tein used per chromatograms 100;'150, 200, and 250 micrograms. Each

® "Minéralight"'uSed here,
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paper was heated for 6 hours at 80° C to bring out the fluorescence of
the amino acids. . The spots were located-bj means .of reflected wltra-
violet light; outlined.with,a‘soft“pencil,‘cut;out, and. subjected .to

. the usual elution chromatography; each eluate was evaporated just to
.dryness ai‘,‘105--=-ll0O G, and :the amino acid,détermined by - the modified
. Moore-Stein ninhydrin procedure. = The results are-summarized'in the
‘accompanying tables, ,.

It will be noted.that the .only blanks used were those of the
usual washed_paper‘blanks as werefusea successfully in the preparation -
of the amino acid ninhydrin standard curfes;_ As in the preliminary
-studies of the recovery of valine, an attémpt was made to use as blanks
- pieces of paper cut from the sémewchromatqgram as were. the ngtSo Here
-are a typical series of runs; all "blanks" and amino acids are measured.

against the "washed" paper blank,

CHROMATOGRAM | AMINO ACID -| OPTICAL DENSITY X 1000
NO.  Mashed Blank | Paper Blank | Amino Acid
g Aspartic | 78 . 76 463
7 | Aspartic ' | 78 33 365
8 Glutamic | 9% 43 - 1036
7 Glutamic | % 10 884,
8 Threonine | 93 42 251
-7 Threonine | -~ - 93 " ' 48 175
8 Tyrosine . 83 ' 138 1 138
7 Tyrosine || 83 s 98

#  Numbers & and 7 were typical chromatograms of the synthetic beta~
globulin hydrolysate (chromatograms heated for 6 hours'at SQO;CSa
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The blanks secured from the paper chromatograms varied from

0,010 to 0.138; these variable blanks were similar to ﬁhose obtained in
the ‘preliminary study ofvfhe recovery of valine. - It was thought best to
reject -the idea of the usé-of'ﬁhisvtype Of‘correctioh blank and to cut
out all the spots without any excess paper.¥*

. - "The amino acids seclted for the study of quantitative recovery
were chosen with the following considerations in mind: (1) sharpness of
the spot--no impurities, no tailing; (2) -ease of development of fluores-
cence of the épot; (3) position of the amino acid relative to adjacent

spots.®*. Aspartic, glutamic, elycine; threonine, alanire, and tyrosine

*  The exact nature of the ninhydrin-reacting material obtained by
elubion chromatography of these blanks was not determined. Part of the
material was almost certainly due to impurities present in the paper and/
or to. substances produced by the: reaction of phencl (or less likely the
butanol-scetic acid-water mixture) used in the development of the chroma-
togram and its subsequent air-drying. The possibility that some-of the
blanks were due to the traces of amino acids lost due to tailing or poor
-chromatography was not eliminated; in.fact; extensive tailing had fre-
quently been observed in this laboratory. The possibility of tailing was.
important in the choice of which of the 19 amino acids of a protein hydrol-
ysate to be studied for quantltatlve recovery in this investigation.

#t Tt was frequently observed that extensive talllng of many of the amino
. acids in different solvent systems could be suppressed or eliminated
adding amino acids that would run close to the tailing amino acids, ‘and that
~ the amino acids used for "tailing" elimination would have their own tend-
" ency toward talllng minimized, Such action seems analogous to the type

of mutual displacement/V that is used in c¢olumn chromatography. It is
simple and convenient to visualize a similar displacement mechanism
operative in paper chromatography where the spots move closely together,
especially in second dimensional development of complex mixtures of amino
acids as in protein hydrolysates. Such a mutual displacement mechanism
helps account for the extraordinary sharpness of separation of many of

the very close-moving amino acids studied in this investigation, such as
glutamlc and glycine, threonine and alanlne, and occasionally aspartic

and serine, '
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were chosen as those amino acids most likely to give quantitative recov-
eries, Valine was not chosen.because methionine wesvfound to mhve about
half the time with the valine spot. Isoleupine, 1eucine5vand.phenyla=
Vlanine were rejeeted because they move -too close.together, usually over=
‘lapping. Tryptophane end cysteine are largely destroyed in hydrolysis.
~Not only is cystine contaminated by-sometof:the destroyed cysteine (oxi-
dation to cystine) but some of the cystihe is known to be destroyed during
~hydrolysis and during chromatography with phenol. Histidine and lysine
are not effectively separated; lysine tails too much. Arginine is too
diffuse a spot for quantitative studies. ,The front of the serine spot
sometimes "tails” badly although serlne might be a good one to study in
the futureo The proline spot is often quite dlffuse and furthermore,

the color yield w1th the modified Moore-stein ninhydrin reagent is too
low for working at: these protein levelse s !1~“

The results of anelyz1ng the amino aclds obtained from 16 two-
dimen31ona1 ehromatograms (synthetic betanglobulin amino acid mixture)
developed in ‘the usual manner and heated at 80 C for 6 hours for ade-
“quate develbpment of amino acid fluorescence_ere summarized in the accom~
' panying tables. Recovery values were'obtaiﬁed“hy'the use of Figs. 19 ahd
20, ' o

' The recoveries‘werefmueh_ioWe#bthén{héd'heeh anticipated
‘especielly for threonine,'alenihe; and:tyrdeiheg"lﬁtview of the care
used in the prebafetion and hehdlihg'efithiegﬁhqle:eeries'Oflchromath

grams, it was obvious that there were three possible sources of lossess
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AMINO ACID RECOVERIES FOLLOWING PAPER CHROMATOGRAPHY OF A SYNTHETIC
BEZAnGLOBULIN HYDROLYSATE AND DEVELOPMENT OF FLUCRESCENCE BY HEATING
AT 800 C FCR 6 HOWRS :

Amino Micrograms Theore‘biéal Experimehta.l Op- Recoveries
Acid per Chro- QOptical Den~ tical Density x
matogran sity x 1000 1000 Std. Deve Micrograms Percent

Aspartic 9.8 212 145 '+ 34 6.5 66

Acid 14.7 313 284 .46 . 13.3 - 90

19,6 415 342 12 16,0 82

2405 515 LLO £ 43 20,8 .87

Glutamic 14.5 -0 350 269 £21 11.0 76

Acid 21.75 - 519 452 £ 25 18,9 87
- 29,0 679 - 618 £21 26,1 - 90 -

~ 36.25 814 o762 % 67 3363 92

Glycine . 5.6 280 . 177 £ 8 3.5 62

8o4 412 201 +£11 5,5 69

11.2 539 . 450 £ 74 9.2 7]

14,0 661 603 £19 12,7 91

Threonine 6,1 181 34 %3 1.1 19

-. : 19,15 271 . & x4 2,8 . 30

12,2 361 235 + 55 7.9 65

15.25" 452 243 £ 44 802 54

Alanine - - 6,0 248 T 92 12 204 40

9.0 - 372 104 9 2,7 30

12,0 491 . 160 £ 26 3.9 32

15,0 605 - 138 + 30 LA 23

.Tyrosine 6.0 ' S111 31 + 4 1.7 28

950 166 74 £ 18 400 45

12,0 222 76 + 13 4ol 34

15,0 6.2 41

277 114 = 15
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.;; ldéstruction’of amino acids duringvdeﬁelOpment"with either or’'both
solvent systems; 2, destruetion¢dnring warm air dnying of the wet
ehromapograms; and 3; destruction during nhe development of the fluo-
‘Tescence by heatlngo . | 1 | |

It had been notlced durlng the qualltatlve study that the
sen51t1v1ty of the nlnhydrlnnspray reagent decreased roughly with ex-
tensive heatntreatment of the dried, developed chrornatogram° Some des-
tructlcn of amino acids in. thelr extremely reactive physical state on

71 72 .was to be expected not only during the

the filter - paper fibers
removal of the developing solvents73 74 but ‘also durlng the rather ex-
tensive heating (80° C for 6 hrs.) that had been thus far required to
develop adequately the flnerescence of the amino acids...

It was felt that the heating requ1red for the development ef
the fluorescence might be drastically reduced by devising a better system'
for ultra-violet examination of-the develOped chromatograms than that
provided by phe reflected light of a "mineralight" lamp. Thus far? the
reflected light of a "minefalighﬁ" lamp seened to glve the maximum fluo-
rescence per microgram ofveach of the nineteen amino acids of the syn=
tnetic beta_-globulin hydrolysate° A more extensive study of all avail~
éﬁle wltra=-violet 1light sourcesuand of the various conditions for ob-.
serving the fluofescing amino acid.spots revealed that all the anailable
ultraviolet light sources were much more effective fluorescing agents
if the papers containing the amino acids were viewed by transmitted light.,

It was further found that more powerful ultraviolet light sources could
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be uséa‘Wiﬁh'détedtioﬁ'by'tfaﬁémitted'1ight”rather'thanvby reflected
light, provided effective filters* were used to cut dbwn.muc.h of the-
increased visible lights Two types of sources were used: the diffuse
sourcé-pr6Videdvby tubu1ar'gefmicidal lamps¥** and the intense source by
the spot projector type lamp¥##¥, -The diffusesource was found to be
effective for overall examination of the entire chromatogram whereas the
spot type was essential in the examination of individual spots. By use
of these tio transmitted light sources it was found possible to increase -
thélééﬁéifiVity‘while'decreasing the heating period appreciably: 15
minuiésfét 100° 4-1050 G gave a very satisfactory fluorescence for all

nlneteen amino aclds 75

® One or two thicknesses of the following filter gave very satis-
factory results: 6-1/2 inch, red-purple, molded, square, 1/4 inch
- thick, ‘Corning 5874. $5 eOOo Gorning-Glass Co., Corning, New York.

#%° Tyo op four 18-inch G.E. germlcldal 1amps (tubular, "Gl5 T an,.

15 watts, mounted ‘in ordinary fluorescent lighting fixtures (13 1ncnes)
The entire units ("Rad-I-Air" lamp fixtures) can be secured from the .
Tru-Air Ultraviolet Products Co., Los Angeles, California, :

##¥* This lamp was the General Electric, 100-watt, CH-4 Projector Spot
lamp and was mounted in the football-shaped reflector of a "Zyglo Black
Light for Zyglo or Magnaglo Inspection Materials", Model ZB-23, 110 volts.
(Manufactured by Magnaflux Corporation, Chicago, Illln01s.)
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- The work was then repeated using duplicates of the sixteen
chrdmétbérams1dé$¢fibéd/éboﬁe. They were all heated in a_lqrge,aif-l
over at 100° ;,105o C for 15 minutes_and the amino acids studied by
.transmittea_l;ghto fhe reéultS'are-summariZed'in_the'accompgnying
tables, o |

The recoveries for aéparticnacid, glutamic acid, and glycine
: wefeﬂa}l'wifhin thé 100 + 5 peréeht limit felt necessary forveffective
‘use of this précedureo The.récoveries,.however, for threonine, algniné,
and‘tyrosine‘were'hardly increased by the decreased heating. qutilvfg:f
ther work is done, it will have to be assumed that the losses for these
amino acids are oceurring during development of the chromatogram and/or

dﬁrihé.éolvénf removal , *

#* Subsequent. work on' the semi-quantitative procedure (cf, last Section)
revealed that the color yield, on paper at least, of tyrosine and several
other amino acids was increased by developing the chromatograms at 16° C
instead of 29° C followed by ether-washing of the phenol instead of air-

dmingo o . .
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AMINO ACID RECOVERIES FOLLOWING PAPER CHROMATOGRAPHY OF A SYNTHETIC
BETA-GLOBULIN HYDROLYSATE AND DEVELOPMENT OF FLUCRESCENCE BY HEATING
. : AT 100-105° c FOR 15 MINUTES

i Amino ‘Microérems Theoreticéi’f'Expefiﬁenta1“Op; " Recoveries
Aeid. . per Chro- Optical Den- tical Density x v
matogram 81ty x 1000 1000 " 'Stde Dev., Micrograms Percent

Aspartic 9.8 212 208 + 4 9.7 99
- Acid L 140 R 313 o : 317-‘-‘: 5 1409 101
19,6 415 411 £ 8 19.4 99
24o5 . 515 518 £ 9 RLe6 100
Glutamic 1465 350 343 27 14.1 97
Keid  21.75 519 ~ 515 £ 10 21.6 - 99
’ 2900‘ ' 679 r , e 685 :‘1: 8 | 2903 ' 101
36,25 814 807 + 13 35.8 929
Glycine 5.6 280 : 285 £ 5 507 102
L 8k4 412 .. 41028 8ok 100
11.2 . 539 5,0 £ 7 1n.2 100
- 1460 661 . 657 + 12 . 13.9 - 99
Threonine* 6,1 - 181 - 70 £ 3 244 39
9615 271 129 £ 3 bedy 48
r12.2 361 148 +£:24. © 540. ;4
15.25 452 ‘
Alanine®* 6,0 248 93 %5 2.3 38
o " . 960 372 .- . 208 £ 30 . 5.0 56
" 12.0 491 227 £+ 20 5¢5 46
"15.0 605 - L :
" Tyrosine* - 6.0 11 28 £ 7 1.5 . 25
. 9.0 166 69 + 5 3.7 42
- 1260 222 87 + 15 bLe7 39
15,0 277

* The experimental optlcal denS1t1es of threonlne, alanlne, and tyr051ne :
were the averages of only two spots. The theoretical optical densities
of threonine and tyr081ne were obtained by calculation from the 10 micro-
gram levels (10 microgram threonine and tyrosine had- optical densisites
of 0,296 and 0,185, respectively); the optical densities of alanine were
obtained by means of a standard curve. -
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L All developed chromatograms of the protelns of the three
sample comp0nents (the pooled 6Sf 11poprote1n, and the lBSf llpoprotelns,
218~R—T1 and lSlR-TZ) were heated 31multaneously at lOO~105° C for 15
minutes. . They were then carefully examlned under the ultrav1olet light
sonfces as descrlbed above. There were about 16 of these large-scale two=
. dlmen31onal paper chromatograms for each sample component~ the best four

'ychromatograms of each set of 16 was chosen for quantitative assay of

. aspartic acid, glutamlc a01d and gly01ne. The results are listed in

the next o tableso The second table. contalns the experlmental aspartlc
acld-clutamlc ac1d—glyC1ne rafios for the three llpoproteln samples and
the synthetlc beta-d]obulln hydrolysate as well as the correSpondlng |
1~hratlos for-the various’ plasma protelnsllsolated by the Harvard plasma
fractlonatlon process. Unfortunately, there was no quantltatlve analyt-
ical data avallable for the amino acid COmpOSltlon of the betaq-1ipo-
_protein (Sf = 2—>20) 1solated by the Harvard process,

The proteln molety.of ourapooled 6Sf llpoproteln seemed to be

rather s1mllar to the proteln of ‘the gamma—globullnc The protelns of

. the other‘two samples, however, seemed 1o be decidely different from any
of the other proteins. Fnifhermore;vthese'two wltracentrifugally homo-
. geneous ("1dent1ca_ molecules") lBSf samples* l8lR 5‘1‘l and 181R~512,
f,were decldedly dlfferent frOm each othero Thls unexpected dlfference
hflndlcated that the component was not homogeneous, that the ultracentrlm

: luge was "fractlonatlng" the component desplte the sharpness of the

* These samples were obtained from a single donor (female) who has
pronounced atherosclerosis.



Sample De-
signation,
Tube No.

—

. THE. AMOUNTS or ASPARTIC GLWTAMIC AND GLYCINE FOUND IN THE HYDROLYSATES

 Amino Acid -

Optical Dénsity xvlooo
at 570 Mu

Cofresponding Values
in Micrograms

- OF TWO LIPOPROTEIN COMPONENTb AFTER PAPER CHROMATOGRAPHY :

Mean Std.

Deviation,
Percent
Deviation

Tube .57
(Sf =6
pooled)

Tube #53
(¢ =6

same as

57)

181R-5T¢
Tube #75
(sp =-13)
181R-5T,
Tube #80
(8¢ = 13)

Aspgrtic
Glutamic
Glycine.
KSﬁartid
Glutamic

‘Gly01ne'

Aspartic
Glutamic
Glycine

Aspartic
Glutamic

Glycine

459, 4675 479, 44T

678, 702, 684, 697
137, 425, 445, 419
462, 469

690, 677
436, 428

675, 668, 692, 669
1011, 1013, 986,:1025
U7, 49, 769, 765

685, 714, 710, 697

1055, 1031, 1041, 1050 |
1960, 974, 980, 971

21.7, 22,1, 22.7; 212
2900, 3002, ‘2902’ 2909
8.9, 8.7, 9.1, 8.6

2109’ 2202' ’
29.6, 28.9
8.9, 8.8

'.332,0,‘31.7,'32.8, 31.5
51.1, 51.2, 48.9, 52.4
16,2, 16.3, 16,9, 16.8

32,5, 33.9, 33.7, 33.1 .
55,1, 52.9, 53.8, 54.7
2342, 23.7, 23.9, 23.6

21.9 £ 0.549, 2.5%

29.6 + 0,49, 1%

8. 8 +0.19, ,2%
fgz.l

29.3
8.9

32,0 + 0.5, 1,54

50,9 £ 1,27, 2.5
16,6 '+ 0,31, 1.9%

| 3344 + 0.54, 1.64
54.1 % 0,69, 1.3%

2346 + 0,255, 1.1%

€T~
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RATIOS. OF: ASPI—KRTIG/GLU'I'.AI‘dIC/GLYCIN'1 E FOR THE THREE SAMPLES
AND 'THE' SYNTH&TIG ‘BETA-GLOBULIN HYDROLYSATE ANALYZED HERE
AND TR SEVERAL OTHER PLASMA PROTEINS REPORTED IN THE.
LITERATURE |

HYDROLYSATES ANALYSED HERE ™~ o o
s " Aspartic/Glutamic/Glycine

Tube No, 3: Samp1e Désignafion . ‘Analytical Amts, - - Ratios
:Tgng#57_wn :Poo1ed llpoproteln,ly_v! 21.9/29.6/8.8 1/1.35/0.40
Tube #75 “Single donor, 181R~5 32.0/50.9/16,6 1/1.59/0.52

. Ty, S¢ = 13 (T7 is ma-
< jor part of. this
. component. 181R) - : s :
Tube #30 ' .Single donor,  181R-5 = 33.4/54.1/23.6 - 1/1.62/0,71
. Tos Sp =13 (Tp is - f :
- the rest of this
: < ..component 18IR) I < _ o
Synthetic ' Beta~globulin hydro-. .. 24.6/35.8/13.9 " 1/1.46/0,58
lysate (at the 250 R ' - i
microgram "protein"
level)

CORRESPONDING RATIOS FOR OTHER PLASMA PROTLINb FROM LITERATURE DATA* 4
Albumin j'v:’ o 1004/174 4/1 6 : 1/1 67/0 15

Gamma~Globu11n ) ) L 8,8/11,8/40 ‘ ,_-;/1,34/0948

Beta~ s (synthetlc mlxture o   '§§8/14o5/5s6" . 1/1.48/0.57
'Globulin** ? same as above "syn- . . - L .
thetie beta-globulln
hydrolysate) e e
Al a—Llpoproteln T 9,0/21,6/3.1 1/2:40/0434

Flbrlnogen o o 1346/14.3/5.6 1/1005/0;42

*  Data from Edsall’® based on sampleg obtained by the Harvard Group,
analyzed by Brand ‘s group at Columbia. 0

#¥% This is.not the “beggl-llpoproteln" of the Harvard Plasma I*‘ratctlon&==
tion Group. . Né' quantitative amino acid: data is available for this protein,
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refractive index gradient peak In spite of this aoparent inhomogeneity,
the two parts (samples) of the component wele decidedly different from
the pooled 6S¢ lipoprotein isolated from about 20 normal individualsa
In view of our 1nab111ty at the time to 1solate the 6Sf llpoprotein
homologous* to the atherosclerotlc (181 R-Tl and -Tp, Sp = 13)
sample above, 1t was 1mp0531b1e to say whether this difference betneen
the atherosclerotic component (Sf = 13) and the normal pooled 6S¢
lipoproteln was a real dlfference or merely a reflection of an oven— :
_all serum lipoprotein disturbance in the artherosclerotic patlent. |
In conclusion, this limlted ouantitatlve study emphas1zed
the need for character1z1ng a statistlcally s1gn1f1cant number of care-
fully bhosen homologou 11poproteins. The last phase of this 1nvesti-

gation was concerned with the first part of stch an 1nvestigation.

* "Homologous" in that all the components of a given Lipoprotein series
or spectrum come from the same donor subject. (cf. next Section)
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' COMPARATIVE STUDY OF THE PROTEIN MOTETIES OF
-+ SEVEN. SETS OF HOMOLOGOUS LIPOPROTEINS

SeveﬁAeefs ef'homeleécus*:lieoproteih components we;e pfeeefed
by Frank To Llndgren by differential ultracentrlfugatlon°9 a sample of
the Bl-llpoproteln prepared by the Harvard Plasma Fractlonatlon Group was
:also characterlzed on the analytlcal ultracentrlfuge° Approprlate all= o
d;ots of all of these components were placed in eallbrated centr1fuge="
hydroly51s tUbes and then denatured dellpldlzed and hydrolyzed as pre~
viously descrlbedo The proteln concentratlons were determlned by nse of
the quantltatlve Moore-Steln ninhydrln reagent, the optiecal den31t1es
‘were evaluated 5} means of a callbratlon curve (Flg0 21) prepared from
a synthetlc B-globulln amlno acld mixturee These values along w1th the
: eoneentratlons obtalned from ultracentrlfugal plates and other pertinent
data are summarized in the next tablee The concentration data are in
’falr agreement exeept for the components designated I-1 (Sf = 25 = 60)
'andHAKe39__It;was_pr1ous;tQa§3,de§p1te:the small amounpe_efvgrote;nii\‘ :
hydrol&sate-(loo to 250 mie?eérams‘protein per chromatogram) required,
there was hardly enough protein‘ih two or three of the eomponents for
adequate quantltatlve study by the procedure deeerlbed in the prev1ous

Y

Sectlona '-k.~et o

# T"Homologous" indicates that each lipoprotein component of a given
palr or set came from the same individual as contrasted with the "pooled”
components <. obtained by pooling the serum of: two or more individuals
prior to isolation and purification.
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SUMMARY OF PROTEIN RECOVERIES OBTAINED BY THE NINHYDRIN
METHOD AND BY THE USE OF ULTRACENTRIFUGAL DATA -

Sample = S¢ Value Mg.-% Protein Mg.-% Protein -

Designation or Range by Ninhydrin - . from Ultracen-
- : ~ Method (Delipi- =~ trifugal Data®
dized Protein ' - o

_ . Hydrolysate)

14 . 6 (4to8 932 800

-1 . 4to70 9 j 100

24, 6 o Mo | 370

2-1 40 to 70 B B 40

I-3 6 | 720 500

288R-T; 10 to 20 I . 440

I-1 25 to0 60 w07 - 700

AR-1 6 : 596 - 8

AK-2 40 to 70 139 | 350

AK-3 | 40 to 70 15 440

K- 6 | 40 730

AR-5 40 to 70 . 190

AE-6 6 L 489 890

betaj-1ipo~ 2 to 20 .. 610 : 970

protein ' . -

(Harvard)

* The lipoprotein concentratlons wvere obtalned from the plates of
the analytical ultracentrifuge (Spinco Model E); the protein concen-
trations were then calculated by assuming protein percentages of 30
for 4-8S¢ 11p0protelns and of 15 for 20=-IOOSf lipoproteins.



- -l18-

It had been observed 1n the prellmlnary and qualltatlve stages
.of thls 1nvest1gatlon that very satlsfactory two—dlmen31onal chromato=
~grams w1th con51derebly 1ess than lOO mlerOgrams proteln could be obtained
u51ng 8 ine x 8 ine papersu> It was known from the 18 in. x 20 1n°‘chroma~
' tograms produred for the quantltat1ve study that any s1gn1flcant dlfferences
in the amlno acld comp031tlon were readlly detected not only by ninhydrln L
spraylng but even by the much less sens1t1ve fluorescence w1th ultrav1olet
llght; as a matter of fact, the final careful quantitative study only con=-
firmed those differences. Fufthermore, it was thought that differences in
eomposifien might be confirmed and/or revealed by studying the order of
disasfeefehce of the amino eeids as the sample sizes were decreasd pro-
gress1vely to a few mlcrogramso
M A series of small-scale (8 in, x 8 in,) two dimensional chroma=-
togreﬁs were:prepared with standard synthetic’BnglobUlin and y=globulin
eminoveeid mixtures in orderlﬁe ascertain the feasibility of, and the
beSP~i6Vél$sf0?,;the compaggpijezstudy and- the orderfof;disappearaneefoﬂ -
the agisejacidso 1t was-found that satisfactdry chromatograms. could be
_obtaineé;&ith amounts of a synthetic protein hydrolysate equivalent to
5 miesogféms or even less. Unfortunately, despite all attempts to estab-
lish and maintain uniformffy in the preparation, developmenf,‘and handling
of the chromatograms the dlsappearance of the varlous amino acids was

"rather dlfflcult to establlsh because of the 31gn1fleant varlatlons in

) Berry and Caln/6 restrlcted thelr semlquantltatlve study to only
four amino acids.
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area'dnd'for color density of each of the‘sepereted anino acids ‘in quad-
vrupllcate, trlpllcate and even dUpllcate chromatograms at the low levels
(0~10 micrograms protein) requ1red for such a study. However, many ef
the differences in synthetic PB-and thlobullp amino acid mlxtures could
readily be detected all the way from the lO $0 300 mlcrogramrproteln

" level. This preliminary COmparatlve study indicated that the runnlng of
triplicate or even duplicate small-scale (8 in. x 8 1n.) two—dimen31onal
chromatograms with equivalent amounts of each amino acid mixture'(or
hy&f01YSete) ranging from 10 to‘20 microgramé of protein would be more
than'seﬁiefactery for deteeting:any'signifieant amino acid differences
and hence any protein differences,

" Before any WOrk'couid be"done on the hydrolysates of the con-
'ponents, it was necessary to redstermine the. relatlve p031t10ns of each
of the amino aclds and the resolving power of the solvent systems in
order to select those amino acids most suited for visual comparisons To
dO‘thie,.5O chromatograms were prepared with 100 micfograms of synthetic
B-glebulin amino acids; these'chnematogreme were used as reference stand-
"ards by adding each of the following amino ac¢ids to each of two of these

50 chromatograms prior to chromatographlc deve10pment

1) 20 microgrems leucine -+« 10) - 20 micrograms alanine

2) 20 " isoleucine - 13) 20 . - " . threonine

3) 20 v leucine o H1R2) 20 on glycine
20 - m isoleucine - 13) 20 ° " glutamic

4) 20 .m phenylalanine - - 1) 20 © "  aspartic

5) 20 " tryptophane ~ 15) 20 n serine

6) 20 " " valine P 16) . R0 " eystine

7) 20 - methionine -+  17) 20 " ornithine

8) 200 M- valine S .18) 20 " - histidine
20 n methionine - " 19) 20 " lysine '

9) =20 " tyrosine - = -~ 20)- 20 = ™ arginine
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21) 20.micrograms histidine . . . 22) 20 micrograms arginine
2 .. ® 1y31ne . 20 n lysine

The nlnhydrln Spots of the follow1ng amino acids seemed to be

the most reproduclble and hence the best for comparatlve studies:

For both 100 Y and 20 y levels " For 20 v levels™

1o Phenylalanlne and 1euclne B 1. Thréonine

- and isocleucine ... . . ..R. Glutamic . .
25_~Va11ne and methionine .- 7 3, Aspartic- ' o
3o Tyrosine. - . o ,,,‘_4°~ Serine

4o Arginine
5. Alanine.

.- The above series of chromatograms supplemented prev1ous ex--
perlences in substantlatlng the amlno acid pattern for synthetlc p- and
v-globulin amino acid mixtures at thg‘loo microgran prote;nvleyel (Figo
"22);;furthe§mg;e,'thié study_inqugteg that nptvonly is the4c§10r inten~
.sity of each spot related to thenamountzqf.each of the amino acids pre-

sent but that (1) the size and shape of each of the spots is related to

.-the amount of the particular amino acid and (2) each sbot can be modified
. -by .the adjacent amino acids. Hence, it soon became obvious that any dis~
., tortions in the amino acid pattern, especially in those regions of poor

~resolution, can be of definite help in detecting** amino acids may be poors

#  Valid only if the resolution is good and the spots are quite sharpo
¥% Some very interesting effects were observed in some of the cases where
20 y.of an amino.acid was added to 100 y synthetic P-globulin amino acid
mixture;- for example, 20 y serine forced all the aspartic, glycine, glutamic,
and serine as well as almost all the histidine and lysine to move as one
large uniform spot whereas 20 v histidine increased greatly the resolution
of aspartic,; glycine and glutamlc. Hence, in some of the chromatograms, it
was possible to correlate "distortion" with drastlc shifts in the relative
amounts- of .amino acid in a given section of the amino acid pattérn.
0bv1ously, any postulated adsorption mechanism that assumed each of the
amino acids of a mixture of a large number of amino acids (as in a protein
hydrolysate) to move as though independent of the others would be highly
nalve, to. say the least; wvery likely a s1tuatlon obtains where an extensive
series of mutusl dlsplacements occurs in which the paper surface is com-
pletely saturated or covered with one or more amino acids giving a seriés -
of changing adsorbing surfaces and the paper surface forces playing the
role of a more passive carrier (partition chromatography) than might be
expected from the chromatography of single components or simpler mixtures
than those used in this investigation.
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There still remainéd the problém of determining what amounts or
levelé”ofiprbtein hydrolysate per: chromatogram to use in order to bring
out”éhy'existing'aﬁino acid differences;” Another seriés of pairs of
duplicate chrdmatogramsLcontainihgkthé'folléwing amounts of “synthetic -

p- and y-globulin amino acid mixtures were.run simultaneously: =

Set I - 8Set II -+ - ‘Set III
* 1 mierograms lo'ﬁicfograms' ' 150 micrograms - :
s w C157- WS owo. 200 om
3w g .m0 ipsg - o
g n L0 oo Lo 300 0 o
55w go w0400 ;':
6 y 7100 -
g :. et e liffﬁ;{'fff-l_ o

lIn the range 1 to'8 mlcrégfams many of the spots disappeared,
the dlsappearance varylng W1th the nlnhydrln spot size of each amino |
'acldq' The 10 to 20 mlcrogram runs wereé qU1te con51stent in thelr spot
'51zes and possessed suff1c1ent color 1nten31t1es to permlt easy detectlon
of any differences between the two mlxtures in the fol]ow1ng amino acld
spots: phenylalanine - leu01ne - .isoleucine, vallne - methionine,
alanine#*; threonine, arginine, proline, tjrosine, and usually serine
(although those &mino"acids with Rp's<0.4 were usually at this level
Vtoo”variablefin'shape,,size,;(hnd‘ﬁoo low in,coibr intenisty for use in de-

tectlng dlfferences) Nothlng Wwas galned by worklng w1th amounts of protein

o

*Note that there was no alanlne in the synthetic y™- globulin amino
acid mixture.
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‘beyond 20 y;te 80 v; however,»at;the;lgoﬁyalevelxthe;genepal_diétortion
of_the-aﬁinoAaeids with.Rfjg;S 0.4 b393m§;r§P?9§99ib13 and quite, char-
acteristic~fer,eeeh;of_the:ﬁeglobUlip,and.y&globplin-emigo‘aci@.miiﬁu;eso
From 150y to LOO Y the overloading of the chrOmatograms became obylous;
resolution. became inereasingly .poorer. and the color# of practlcally all
spots became so great that irrespective of the resolution-only-the-grosef_
est differences in amino acids were discernible. Hence, it was deeided '.
to set.up a series of duplicate chromatograms conteining 20 and 100 micro-
grams of protein (equivalent) for eaeh,hydrolyzed protein component.,

The results ebtaiped by careful visual comparison at daily in-

tervals from 18 hours to 7 days after spraying with ninhydrin%* may be

sumarized as a comparison of homologous components:

¥  Not only did the color density increase beyond the point of usefulness
in visual comparison, but the colors themselves tended to shift toward the
reds-and yellows especially in- the regions of the highest amino acid con~
centratlon usually the center of the spotse

.....

*# New nlnhydrln spray solution prepared accordlng to Patton.31 Patton
reported 6%, fading per year for.all.of these amino acids but the resilts -
in this laboratory were closer to 6% fading per day; furthermore, the
_rate of fading varied slightly for the various amino acids. Neverthelesss

Patton's procedure represented a tremendous improvement over all previous
methods. S -
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A, Tube Noo 82 (Sample 1-4, Sy = 4-8) and Tubs Nos 85
(sample l-lgVSf'; 40—70)“fromrpatient VoHs
Chromatégramstere*duite similar; at most only the

- .following dubiousfslight“differéﬁces eould be noticed
Clutamic 82> 85.

Threonine 85 > 82

Alaniné‘ 8 > &
X1¥. 82.> 85
X2* ..82 > 35

Dlstortlon of patterns 51m11aro
Conclu31on' The proteln m01et1es of thls set are essen-

tlally 1dentlca1.

¥ These ninhydrin-reacting compounds were never identified: Their R
values were X3 Rg = 1.01, 004-0.5I1 - X2 Rg = 0,9 - 1,01, 0.8-0, 91
(Note: Xj moves adjacent to the top and front edge of the proline spo{ )
They were present in comparatively small relative amounts (about 1 - 2
percent of the total ninhydrin color) and were found in all the hydroly-
sates of this series including "@)-lipoprotein™ (Tube No. 119) but were
completely absent from the synthetic P~ and thlobulln amino acid mix-
tures., They had been noticed only occasionally in previous study of
dellpldlzed protein hydrolysates but never with such reproducibility.
The very large’ Re values (in water-saturated phenol) of these two spots
indicate that these compounds are small polypeptldes (cfo Dr., Tred
Sanger's investigations on 1nsu11n)o
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"B, ,Tube No. 86 (Sample 2~4, S 4-8) and Tube No. 90

(sample 2-1, Sf~+>70)7from patient B.P..

;i,Chromatograms.were.decidedly,different; here are at
- ieast some of thendifﬁerences, the more definitely

discernible ones:

vLeucine+isoleugine : 86 >> 90
+phenylalanine

Valine + methidniﬁe 86> 90
Glutanic | % > 86
Arginine - 36 >> 90
Asﬁértic“: s 86 > 90
Tiveonine 8> 9%
Tyrosine ' \=’é6 }j édnlv
Glycine {  'ffi{[;;_l f 9o 3fj86%fﬂ-?iv
X, ] !f:,i{ff¥u L :f;'S6‘>> %

_Xéf“‘f‘.__i  iﬁ o 86 §>f9011 |
:_Pistdrfionvbflpatﬁérhég_ qﬁit§ differeht distqftidps- f
esPécially at thé 100 fyléﬁqlsg eogo5 no ?esdluﬁigg""
for glutamic-threonine-alaniné in No. 90 but definite
"separation of alaﬁine from glutamic + threonine in No. 86,
There were also definite differences invcystine + aspartic
spot but distértions were very great,
 Conclusion: The protein moieties of this set are almost as
© different as ‘the synthetic B- and y-globulin amino acid mix-

tures. Different protein moieties seem involved here.
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©-C. Tube No. 93 (Sample I-3; Sp = 4-8) Tube No. 96
(Sample 288R-T;, Sp = 10-20) and Tube No. 97
- (sample I-1, Sp = 25-60) frpm-pa;ient RoWo
No discernible differences at ezther.the 20 v or
100 vy levels. | |

Conclusion: Identical proteiné are involvedo'

D; Tube No. 99 (AK - 1), Tube No. 104 (AK-4), Tube
Noov109‘(AK -~ 6), Tube No.-112 (AK - 2), Tube
No.. 114 (AK - 3), and Tube No. 116 (AK - 5) were
chromatographed as unknowns.

'No significant amino-acid differences were dis-
cernible, The distortion of No, 114 in the R¢
“values <0,/ was very great®, but there seemed to
“be no significant amino acid differences between

© “No. 114 and the reste.

# In fact, the distortion was not eliminated until the sample size was
decreased to 10 micrograms. This distortion, especially at the 100
microgram level, was so great as to be reminiscent of the unsuccessful
early attempts in this investigation to remove the brownish "1lipid" (?)
interferences; examination of these papers under ultraviolet light prior
to ninhydrin color development seemed to econfirm this., The failure to
remove as much of the "1lipid" as was removed in all the other components
of this series is all the more remarkable in view of the fact that this
component was present in the lowest concentration throughout the de-
naturation-delipidization procedure and hence should have been the most
completely delipidized of all the components. This would suggest some’
structural "abnormalities" and/or . possibly some unusual lipid composi-
tion. ' - - ~ : -



Conclusion: There are no significant-differenceézin the
protein'moieties of these components. After completion
of this chromatographic study, the identity of each of the
"AK" samples was revealed“t§ be as follows: -
1. AK 1 (Sp = 4-8) and AK-2 (S, = 40-70)
homologous set from patient A.Ks .
2.. AK=6 (sf = 4~8) and AK-3.(Sp = 40-70) ...
homologous set from' patient BoS.
3. AK-6 (Sp = 4-8) and AK-5 (S¢ = 40-70)
homologous set from patient F.A.
E. Tube No. 119 (B,-Lipoprotein from Harvard Plasma
Fractionation Laboratory, Sg = 2-20%),

Chromatograms of .this component were first compared
“'to those of synthetic P~.and y-globulin amino acid
mixtureé at corresponding levels. . The following

dlfferences ‘were readlly dlscernlble

I Valine + meth;onine_A,:Y>B> No." 119

Tyrosine - - . . Y>B> No. 119
Proline . = o Y and B both >> No. 119
Arginine - No. 119 > P>y R
Serine + hlstldlne o Y > B Noo 119
Glycine®* - - f - Nos 119 >B>Y
Alanine***v;’ - P> Nos 119'*

* Sample has been preserved in dlstllled water at 0° C for 1 year,

durlng this period there was no change in the appearance and the ultra-
centrifugal pattern of this sample.

## The glutamic acid spot of No. 119 >B, but threonine interference
with glutamic spot of y mixture made comparison rather dubious for the
glutamic.of y mixture and No. 119, :

#¥%  Camma-globulin mixture has no alanine,
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Xl Both spots present in No. 119 but completely absent
X5 in the synthetlc amino acid mixtures (B and Y) even

at the 300 and AOO mlcrograms levels°

All the chromatograms for all these components at their respec-
tive levels were then compared w1th each other us1ng those prepared from
| the hydrolysate of Tube NOo 119 as an arbltrary standard of reference.
With the exceptlon of the chromatograms of Tube No° 90, there appeared
to be no_gggg_ reproducible differences between any of the entire series
of chromatogramsg and those of Tube NOo 119, irrespectlve of the floata-
tion rates (Sf values) of the componentso |

| On the ba31s of this 1nvest1gat10n and in so far as comparative
chromatographic amino acid studles of the hydrolysates of the protein
moieties are a measure~of the nature of these delipidized proteins, it
can ony' be concluded that for five of the six sets of the homologous
lipoprote?ns studied there are no gfoés diffefences in the protein moieties
and thaﬁ for twelve of the thirteen-conponents‘(fhe‘hydrolysete of tune
No., 90 being the exception) ﬁhere ere‘no gfoss'differences in their proé
tein moieties and no gross differences befween:them and that of the

"standard® ﬁl-lipoprotein'(Tube No. 119),
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| SUMMARY -

Lo

The significant achievements of this investigation may be listed

as follows:

1.

2,
3.

bo

50

DeveloPment of a satlsfactory small-soale procedure

for denaturlng and dellpldlzlng homologous sets of

serum llpoprotelnso

Deve10pment of a technlque for the chromatography of
whole natlve llpoprotelns and other protelnso | -
Development of 8 new quantltatlve ultramlero prooedure
for the determlnatlon of proteln after hydrolys1s°

Development of satlsfactory qualltatlve, semi quan-

tltatlve and quantltatlve chromatographle teohniques |

for analyzing the proteln hydrolysates of homologous

sets of serum 11poprote1nsov“

Prelimlnary appllcatlon of these technﬂques to the

analysis of a llmlted number of homologous sets of

. human serum lipoproteins.
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Fige 1 Ccntrifuge-hydrolysis tubes as used in denaturation,
delipidization, and hydrolysis of lipoprotecins., From
left to right, tubes equipped with an air condensecr,
solvent remover, and water condenscr.



Fige

2 Protcin Hydrolysis. Usu of the "eemtrifuge-hydrolysis"
tubc for the hydrolysis of small amounts of proteins,
12 mi, graduated ccntrifugc tubes, modificd, equipped
with condcnscrse



Fige 3 All=-glass sprayers or atomizers for use in paper chroma-
tography. Dcsigncd and made by Mre Harry Powell of the
UeCsReLe Glass Shope



Fige 4 TPapcer chromatography. Iarge-scale, onc-dimensional,
ascending, 6 in, x 18 in, jars. Jar on right repre-
sents arrangement for preventing drying of the samples
prior to chromatographic developmente



Fige 5 Pupcr chromatography. ILarge-scalc, onc-dimcnsional,
dcscending., Glass "doughnut" typc trough.



Fige 6 Fapor chromatography., Iarge-scalc, desccnding, one-
dimensional using staining dishes and glass jar
(12 in. x 18.40.)%



Fige 7 Faper chromatography, Large-scale, descending, onc-dimensional
using staining dishes and glass jar 8 in. x 18 in.



ZN2ey

Fige 8 TFaper chromatography. ILarge-scale, two-dimensional,
descending "window sash" typc, top removed.



Fige 9 PFaper chromatograrhy. Framc used to hold solvent trough
and accessorics during the drying of the large-scale, two-
dimensional, descending paper chromatograms,



Fige 10

ZN 303

Paper chromatograrhy. Experimental sct-up used to check
the mechanism of ascending chromatography, to chromato-
graph volatile compounds, and to inereasc the capacity of
paper chromatograms by the use of stacks of filter papcre
A stack of five sheets of Whatman No, 1 filter paper is
being used here,
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Fige 11 Paper chromatography.
ascending,

Large~scalc, two dimecnsional,
Jar 9=-1/2 gallons,



Fige 12 Papcr chromatograrhy. Small Scale, onc-dimensional,
ascending, 25 x 200 mm test tubcse.



Figs 13 Paper chromatography. Srall-scalc, two dimensional,
asccnding. Fish bowl chamber, 2-1/2 gallons.
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Fige 14 TFapcr chromatography., Small-scalc, twe-dimensional
asconding, Fish bowl chamber, thrce gallons. (onc
paper is missing in this illustration.)



Fige 15 Ninhydrin Color Dovclopment-Brass plate and clamps for
holding 5-ml. volumctric flasks and a stcam bath con-
taining a 1000-watt immersion heatcr.
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Whatman No. |, paper size 18" x 22"
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Fige 17 - A typical amino acid distribution pattern for a
protein hydrolysate obtained by descending chromatography
using Whatman No, 1 filter paper and run at 29 5° Cs The
solvent systems used were (I) watcr-saturated phenol and
(II) e mixture of acetic acid, n-butanol, and water (1.0:
4e6: 247 parts by volume}.



Fige 18 Popor chromatograrhy., Doviece for chromatographic elution
of compounds scparatcd by paper chromatography.
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vFig. 22 = A typical amino acid distribution pattern obtained
with synthetic B- and y-globulin mixtures. FExperimental Con~
ditions: Ascending Chromatogr ghy, Filter Paper 8 in. x 8 in,
(Whatman No. 1); temperature 16 C Solvents (I) Water-satu-
rated Fhenol and (II) Acetic Acid~Butarol-Water (ratio by
volume 1.024el:247)e Running time 8~9 hrs. for each solvent,



