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- = zir 0of *hy cdyremie fote of plosma proteins, especislly of
& tha veolovs: Indluicuz! fruatlons, is of exireme importarce if we ere $o under-
IS

stand &oue OF “he busic nrocesses of growth 8nd profeln meteboiism, Before

his croblen in disezse states, it wes deemed necessery to establish

= irom o,

. wevid be readily interpretable and would "trutly" measure

3
sdnic vhich
dreover and te sicndardize the technic on & lerge series of normal

g

protelr
Tadividuols, With this in mind, two generel technlcs of labeiing plasma pro-
teins Tava Seen eczpored Ta s rumber of normal individusls, Brilefly, to date,

these tochnics ceonsich of:
The sinuitanccus scministration of
13! . . .
! tagged albunin to determine the furnover pattern

N

of an exoyeneous!y lzbeled protein moiaty and

The administration of s35 labeled cystine o~ methionine

to the same individual and following the incorporstion

and disappearance of the 35 labeled albumin and globulln

fractions synthesized invivo from the lsbeled amino aclid

prrocursors,

P'athocs
Severs! technics of lodinating humen serum

lodiration of albunin,
AR A JRARIL

wted, The nctuel iodination proved t5 be a simple matter

NS
vosing groups of the eibumin molecule readlly bind iodine

sthumir vere ot*on

2 ave!tabla by
However, several technics werae employed in an

. zikalirs selutlon,
3 « These consisted of

atternt 1o recsve tho excoss!ve unbound |}
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Atterpts to remove the materis) by passing it through an ex=
hange reslin colymn. Although successful at times, the results
ther varisbie and marked denaturation of the protein was

gbserved on severa! occasions,

s0f e may nol be deposited in

CHont Lot

Elecirodlelysis was attempted but this technic {ikewlse resulted

Cenicd from originats in The Bancroft Library for

‘ S -I’n de-nafuraﬂon.
: G el
. '§)¢1 Jhre final technic was simple dislysis asgalnst a phosphate buffer
=& g :.
=23 131
ATl the | labeled albumin used was prepared in ocur laboratory and

kad an unbound 2! concentration that did not exceed 2% of the total radlo=
activity, ‘

The 535 lebeled amlino aclds, L-cystine end L-methienine were prepered
by allewing microorganisns Yo grow in 535 sul fate~containing medl;. The amino
acids vere syntheslzed into proteln by the microorganisms and these proteins

the anino scids were '
were then hydeolvzed with acld and/isoiated by chemica! meens,

The 1'5' was counted by the use of & thin miué-wtndow Gleger-
‘ueller fube. Since 535 wos presant in these samples, adequate shle!ding was
used which redvced the 110 activity by about &%, The beta particles of 35
were scroened to uncer 57 of the total count. Under the conditions that the
plesma wes counted the pessible 535 interference with I'B' counting was 2% or
Jess, DOuplicate snc miililiter plasma samples were dried at room tempersture
in plarchets containing trichloracetic scide Within the range of material
employed, self atsorption corractions were not necessery, ‘ Diluted sampies of
the injected iodinatzd albumin were used as radleactive standsrd Qhrouéhouf.
All the esults hove been corrected for physical decay to the time of Injection

of the neterial, The S35 was determined by methods developed in our laboratory

tlbUbol
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in »J.,ch H:(e prot :In-bound suifur [s oxldized to sulfste and proﬂpnfaied as

Eo;ztd{r‘e sulfa#c In th!'s technic all the ||51 is removed. The bonztdme

.suirc‘e ;.»cour*ci Irn & windowlzss flow counter. Appropriate corrections for

-

H absorﬁ‘r!on eaincldence ond decay were made, The sulfur content was

(' »gn'm m’ly ot ba denosiied in

eterm!ned 3>y bac c=titration of the benzldmo syl fate with sodium hydroxide,

. 1 . .

: . = The 3 albumin dosage varled from 10=-20 mlcrocuries 1n each of
;_he_ subJéc}s, the 555 dose ves 2040 mlerecuries,

Y o " :

< Tk E z g’ . Stud es have been carried out to date on 20 subjects. Al subjects

were norrai wale- ranging in aca from 21 to ki, All except one of fho sub jects
were nednca) sty ents or gruduc *e students in the Department of Phys!oieglcal

131

Chenlstry, A}l) 20 subjects recaived | albumin, Flve ncelvod simuiterecusty
§%5 L-cystine and six simuitancsusly administered 535 L-methionine, The sub=-
Jjects took & diet vhich wes adi juate in. protein and calories (although no
attempt at uniformlty was mede. and 214 hour urine samples were collected upon
which nitrogen ceterminetions were done to ascertain the spproximate protein
intaica. Determinations of hematocrit, plasma albunin and globul In were made

on all subjects. There wes no attempt at reguiation of activity nor was the

131
thyroid glend blocked with noneradiocsctive {odine, The dose of !} 3 lebeled

$35

protein ranged from |-20 mg, thet of the . cystine from spproximetely (0«30

mg, and that of the L-methionine under | mg.

Results
13) : .
The fate of the | tagged albumin is well [tlustrated in Fig. 1.
This is & greph of three subjects and is typies) of almost aff patients studied

13

vho received undenatured | albumin, As seen from this semilogarithmic plot

the observed curve can best be resclved Into:three components, The rapid

BELLEE
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etcenithe extravascular ard intravascular spaces. The third or slow come

';ponén{ g feel Is the'metebolic component, that Is, 1t represents the meta=-
' E

<

o

1 ié‘lft’éﬂé"edaﬂon of the lodirated elbumin. The intermedlate component is

rother d}'ff?cu!f to explain, but mest fikely represents an equilibrium of

© . the "exghangable a!bunin pool,” or an equiilbrium between the "extracel lujar”
. 2 B

_':'i'.é-ﬁ:;acel lujar" albumin components,

S § From this dats eémploying the metaboiic ;:erﬂon of the curve it is
possible to determine the half«life which averaged approximetely ten days In
the group studied to date, The date has not yet been subjected to & statiw
stical analysis for the determination of the deviation from the mesn. From
these curves, i+ is possible to calculate the albumin turnover rate es welil.
as the magnitude of the"exchangable albumin pool", the concentretlon of
extravaséular albunin and the plasma voiume., These calculations are gener=
a8lly in agreement with those reported by others, Inadvertentiy, one of the

131

tots of | ajburin wes denatured during the process of removing the unbound

"3|. This was discovered after the meterisl had been administered to three

sub jects, Fig. 2 shows the first 24 hours ditference between the non~denatured )

and the denatured albumin., 1t is seen that the fail is much more rapid with
the denah;nd materia! so thot et the end of 2L hours the concentration wes
~too Jow to count, The further fafc of this material wes not determined. It
is exceedingly interesting to note the marked difference between denstured
and native meterial, From this it is certaln the presence of denatured
albumin vould 2) be ezsily determined and, b) would not influence the meta=
bolic eurve which begins after the third or fourth day of the experiment for

at this period none vould be perceptible.

IbUb5b
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t should be roted that under the conditlions of owr expér?menfs

;he c/o»ﬁﬁ-*l~! blolngice! degredation did not hold beyond approximately

After this time the curve began to flatten and in some

étén daysE{F(;. 3.
Jlns+ancesuén actuc] increase of | 34 proteln concentration was noted, This
ve %eélrié due to the eppearznce of | 3 thyroglobul In eccurring from.fhe
;small‘ io;np of untound 1'31 which would be fixed by the thyroid as well as ~

h,’:

~§pb$§queqﬁ fixation of |
' 131

I degraded with the aibumin teken up by the thyroid

and egalin secrcted into the blood stresm as | bound ?hyroglobulin.

Flg., 3 and L show studies carried out with s35 L-cystine over a

period of approximetely 70 days end s35 L-methionine over a period of 35 days

Concerning ouwrselves with the albumin portion of the curve

respectively.
it is seen that over the first 12-15 days of the experiment there has

H +
firs*,

beecn no significcnt fall in albumin specific activity, Subsequent to this,

the fall is very gredual and does not appear to follow any ciear-cut expon=-

The seme phenomenon can be observed in the case of the Lemethio=

ential pattern,
!n Fig. L, there has been tittle significant decresse over a period of

nine.
Subsequent to this the fall ls very slow and erratic.

epproximately 20 cays.
)
These chenges are in marked contrast to the | 3 albumin pattern. Att the

stuclas to date have foljoved these general patterns with minor variations,

Frori this i+ vould eppecr that there is a marked difference In the behavior

of i’il albunin &s contrasted with endogenecusty fabeled plasma protein

synilcsized frem an amino ecid precursor,
in the cese of the mixed globulins, the fall is much more rapid

initiaity than that of the albumin but after the eighth to the twelfth day

the two parallel onec arother very closeiy.

Discussion
The question has been raised as to the validity of the iodinated

L1bubo
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din

ltuﬂ(n Teasu‘erent of turnover bacause 1t depends upon the underiying

-assu~p9[cn of o) lack of dena?uraf(on, b) normal metsbollc behav!or invivo,

!
. eand c) sfablllry of the l tag. From these pretiminary sfudles it woutd

sppear af jeast that pert e, namely, the quesf!on of whether denaturation

'wou!d be readily eppreciated or perceived, must be answered in the affirmetive, -

BRI tTI

That is, derotured 1131 labeled albumin behaves entirely differently from that
of nonsdenstured matcriaf, However, the question of the stabiiity of the

#agg}ng and whether metabolic behavior follows a normal pattern stii{{ remains
to be answered. 1+ vas hoped that the comparison of the |'3' technlie with

thet of Jabellng vith amino aclds would give & satisfactory answer,

By employing the 37 Jabeled amino escid technic these two objections

should be overecrme, That is, the label being one natively present would

behave in a2 "norral” menner and secondly, there would be no danger of this

material being lost except as it is removed by the normal metabolic processes,

Hovever, In order for this technic and [ts interpretation to be valid, certain

assumpticns are necessary, The most important assumptlion is thet shortiy

after the peak specific octivity has been reached, the metabolle precursor

or precursors of the lsbeled protein would no longer contaln a significant

!sotope concentration, The previous work has never ejucidated whether these

assurptlons do or do not hold in this type of experimentation. Previous

work using n!5 glycine labeled protein in a normal man and & norma! woman
were interpreted by Londor to indlcate a half time for serum slbumin of 20

Cur former cata had not been cerefully worked oyt and hes proven to

cays.
On the basis of

be quite volueless in attempting to answer this question.

the results obtained In thls series of experiments, !t is clear thet as far

as the slbumin moiety s concerned, the flat curve obtalned during the

pericd of about the firat 10-20 days of the experiment can best be inter-

preted as demonstrating either contlnued replacement of a single metabolic

l1oUb58
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pfc:Lmsar by e reiat's 1ch econcentrztlon of Isotope or the contributing

ior ficm several sources heving varying, but always high,

v
o
(1)
~

to meéwmﬁw
_5$équ:»rc:n+vcfions. Therefore, this experimental approach wouid not be

T

empting *o meostre aibumin turnover. This (s In marked contrast
to the enirmal experinents %eporfed by many investigators. In these experi-
rents i+ vculd eppeer that a deflinite exponential function is obtsined and

guggésis *hot the interpretation of this animal data s similsr to that for

véh; Eugcn 1]3' albuzin ~urves., The szme éysfiﬂe sdministered intravenousiy

to tuo rots gave the results shewn in Flg, 5. Here 1+ is seen that the typl-

cal exponentlal crve reported previovsty In anima) studies is being repeated.
As notad, the giobulin fractlon does show & ropid component ini=-

£12V)y. No eritlcz: anslysis of this dats has yet been sttempted. This is 8

port of the current phese of the resesrch program,

Projected Rasezrceh
1t {s prcposed that in the next phease the probiem be investigated

as foliows:

1. The sirme technics employed with albumin should be epplied to

t31
individual ions., Ve have begun our studies with | 3 gamma globulin and the

turnoves patiorn of gonma globulin after the administretion of 555 L-amino
acids. Ye casire fo cotermine a) the metebolic fate of 1' ganma globulin,
and by th: rztteirr of betavice of this fractlon after labeled amino acid
adninistration, 'r view of the rap’d $ali of the total globullin fraction
35 '

131 and the S77 amino

there is sove sutgestion hat the bekevior of the |

ocid technles may ke quite simtlar. 1§ Yhey were, this would suggest a

c¢iftferent metetel’s pa*huny for the synthesis of gamms globulim, possibly

ruch mere direet ard slrmole then that of the albumin portions. This phase

[ibltb5a



R SUES

The Bancrott Library_tor - ‘

Copied from ofiginals in

DOCUMENT SOURCE
University of California at Berkeley

The Bancroft Library/The University Archives, Berksley CA
RECO SSEHIESTITLE
Univ. Phid - oy 4 g
BANC! FTIU,g'O NO.
L COPY
B :
FOLDER
Mo 87
NOTES
12 (49 Q{c»mu PERIAN

i 77T 1728

£ e

E‘;‘L_ »> 0 -

. - C

R

.8.:-.43):\."-:' -

5 & 7 of thelproc 'em is now undervay and methods of Isolating and iodinating the

(S -7 S °

> 2 - 2 .

g ; elu?'yely insteble germa globulin sre being worked cut. It 1s still not

[ o

g : fdecicid as *o whether a chemlcal method or starch electrophoresls is the

O

27 re?erred isolation technic for gamma globutin., Subsequentiy, other of the
Whether this work will be done by

i

1in fractions are to be Investigated,

i gio_bu

I 5 ¥

g he iodination of mixed glcbulins ard their separation after thelr administra-
s &=

g - g‘@@f$y chemical means o the fodlnation of the tndtvldual globulins s de-

pendent upon technics upon which we are curvent!y working.

The next prese of the {nvestigation will be concerned with en
attempt Yo ensuwer the questlions which were posed originaliy, namely, whether

121 .
the 3 aibunin enters into the normal metabolic processes and the stabillty
134
of the | > tegs. This wil! be answered by administering massive doses of
S35 anino acids to suiteble hosts and at appropriate times removing blood and

isoleting the plasma from the donor, Recipients will then be given tracer

quantitles of this natively labeled plasma protein and each of the fractions

will then be seperated and their fate determined. After this phase of the

work has been completed and the results evafuafed, studies are to begin on

patients suffering from cancer and other states of altered protein metabolism,

| 1bubb0



rag'l'o;r

tedin

CXiress per-

Leer

'igineis in The Eoncroft Libra
Lrnies may not he deposi

Copied from -
.'\"';rem.«-l. ki__)

ancrfoft ¢

DOCUMENT SOURCE
University of California at Berkeley

The Bancroft Library/The University Archives, Berkelsy CA

XRDS SERIES TITY ((/‘7 OCY Ya (&%

ﬁ % Cory

CARTON NB :

Tﬁ‘cog%

NOTES

L 13014 QL&AM Quk«'.m

FOENDAYA?WD \’ nlg‘o/

Fig, 1
1131 Lateled Albumin Administered i.v.

Average of 3 Studies

)

a itapid compenent

3 T/2 = 12 hours

- 2 -

o N
L N

5 \

3
<

3

5 N

8 N Second componznt

~ T/2 = L0 hours

B

ol

>

ol -

°

e 8 4

2 ~ -

£ '

= Metabolic component

g 6 T/2 = 10 days

pe]

8 o

g,

A

Days
3 ™ T ¥ 1 T T
2 N 6 8

bbbl




. DOCUMENT SOURCE . ) L
University of California at Berkeley

The Bancroft Library/The University Archives, Berkeley CA.
AECORDS SERIES TITLE

08 UV Pres. -Oovyes ' Taprd

BANGROFT/UARGAO NO.
A2 COPY

c;\mo%r{>
FOLDER w g 2

NOTES

) N

i B

pesd
28 0]

IR

LR 6

R3S '
-2 Fige II

S ¢ = o

B L __. -

gz Z I131l.uabeled #1bwnin

o 5 L C‘ O_ ' ‘

@ S L imi

gl S Lpaer curve - native albumin (3 studies)
T . Lower curve - denatured albumin (5 studies)
T 0 ¢

Ny
)

opicd from o

(Counts/min/ actlazma /GO

¢

14

Soecific Activity of Plasma

no

Ny
)
rJ]
[
o
o
&=

l1blbb2



A

e Barcroft Library fop

Copind rom crigingis in 7

DOCUMENT SOURCE
University of California at Berkeley

The Bancroft Library/The University Archives, Berkeley CA-
B ANiv- Prus - Odvws., Tapard

ﬁﬂ?% COPY
A
EIHEYA

NOTES - Q“M
T 795

Fig. III

gl L
ez iS5
- R -
glLocs T: 35_Labeled itethionine
g s ol
g E\é S 1131i beled Albumin
g-r: 14 - ;
~F ¢ 5
E4 >
£
Q
8 4
5"
5
&9 .
—5 £ g Globulins (specific activity)
2.
) ~ - -
5 —™
3 Albumin (specific activity) TS e
pe
[
-
g 1-
L)
51 N\
2 4 N\
@ X
\
H %
N
5 N
N %
~
cl ~
‘ X\x Flasma (specﬁ'ic activity)
- bunin
TR~ e X X <
x . Days
3 T i i T r T 1 B T
o 12 18 . 2,
Urine Total Plasma Frotein 7,19 gm. X
1st 24 hrs. after acuinistration Albumin L.39 gm. &
txcreted .91 of dose {all inorganic) Globulin 2,60 gm. »
Hematocrit  O.L9

Nitroyen 13.4 gm. per day

| 1blbb3



99491 |

DOCUMENT SOURCE
University of California at Berkeley
The Bancroft Library/The University Archives, Berkeley CA

TR N Pres. - Qs Prpus

eiiseul

COPY

.2

IR0 ST

_N:‘;jM_QlWa P L tewn
5 i

"10-1
‘-B-% : I“igo v )
28l . .
5| $35_Labeled Cystine
o 3
§ : | Human Study
28
Zel
== E Globulins
S I
. h“
il
@ o :
3\3"' o
"gc 8- 3 ‘—T:Ra:l Plasma Proteins = 6.0 gm. % e
it Altumin = 3.99 gm. %
2 Globulin = 2.B1 gm. % .
@ Hematoerit su6
Days
i ) ¥ 1 T T T $
18 30 L2 -1
19: FigV
9 e 535.Labeled Cystine
=] :
ol = at Study
g 64 {Average ol 2 Kats)
[3]
% 5
3
5
g
R
o]
k]
2
)
S
T 2
=
2
g
ot
2] :
2 ,-
A
Hours




o

Ul ibrary for

Copied from originals in The Bancro!

U85 D2r-

v Cnnies may not be Nenositnd in

'
"

olorence o

10,

i1,
12,

DOCUMENT SOURCE
University of California at Berkeley

The Bancroft Library/The University Archives, Berkeley CA

T 1. Pred- Covead *Prpud

BANCROFT/UARGAD NO.
mﬁ’b COPY

Q
TR

o

L 1/s Qbema  Diales
““}&?‘%D?ZJ’W \745
- -

Padset detail

BALARY =
.D¥. Sholdon Margen
Technical Assistant

¢

Y . 2
. SUPPLIRS -

Radloactive materials
“Expsgdable supplies

EQUIEMERT
: -Part cost of autonatic countiag equipment

: Noclear Corp., Chicago)

SUBTOTAL

INSTTTUTICNAL OV:RHEAD (8 per cent)
TOTAL

Anticipated duration

43,768
3,720

§ 400
350

$1,000

i

10,267

1t 1s cstimatod thet the assesment of meeh'odl will require another

year and a hslf, Subsequently and simulnneouiiy a survey of diseased

gtatsa can b mede in an sdditional two years,

No proviaion,

Mo other application to suppert this type of work in humans.



DOCUMENT SOURCE
University of California at Berkeley

— T:a EBancroﬂ Library/The University Archives, Berkelsy CA-

ES Ti .
(R . Pras -(Oorysd - Dy
BANCAQFTAIARC JD NO. v

cmmmo COPY
TR0 S

) :om 148 a ‘Quhl..
- W46

:

" WORK SHEET - FROPOSED CONTRACT

et e -

POsiied in
PIess her:

us

Gontracting Agency: _DANON FURTON MDGEIAL FUN)  Coveroment Husber: '
. Starting Date: _) year

‘

Sype of Contdact: __ Orent=pmidd

€ ~

Termination Dates
Maximm Amount: __§30,24%7 '

Subject to Sales Tax?

O SanGHofY Libracy tor

“Investigator: Dry Harold Terver

Title of Investigation:
I : 3 -t = .

§ Spice: Hequirements:
5tilft§° Fequirements: ADFOUATS
_ What Activity is Being Displaced by This Research Project? JOXR
BUDGET o
Dr. Sheldon Margen - %8 -
__ZTeclniogl Assistant M0

Salaries:
General Assistance: : ) ) -

SERS: .
' 20

Total Salaries md Assistance

Equipment: (Itemize)  Part Cost of sutonatls counting equipement
(Naclcar Corpes ) _ 1,000
Supplies: (Itemize) Radicactive materials 100
Expendatle suppliss 3D
TRAVEL ™

Total se and
—T

University Overhead: _ﬁ'—%‘m———
F1olhbb TOTAL FOR PROJECT: 0.

IER 123B




	1-7

