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Uspattaant of blological Chentatry
' farvard Hodical School
at
JPater Bent Brighan Hospital
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@

Mr. Doa C. Yowlsr, Project Hanager
Internat{onal Leass 21ac Rasearch Urgantzation
292 Macison Avenve

Nev York 17, “ew York

Dear Mr. Fowler:

1 am enclostng a copy of our report on the project gntitled "Studlas
va the 2lolorical Essis (or Lead Intuxication™ covering tha first four socthe
vf Lts opevaticn, starting (rom April 1, 1963. As you cas see ve have gone
Gulle & vay {u that short tine and [ am Quite pleased vith the progress ve
tiave mada,

In eccord witn your sugiestion | am lwrelv requesting a raneval of the
erant as of Jaruary 1, 1946 to Decsnbar I, 1966, %e iatend to coatinue the
work undet the saowe headings and 1o the saae directicn indicated {n cur appli-
cation last year. oince the project has been In overstion for such a brtef
peftod wve nave, of course, uot had in oppattunity to extend these (nvestigs-
tions bevund the plans ang hvpotheses previously advanced under ths hesdings
of 1. Metwodulogy, ll. Lesd and reoe Synthesin sad [II1. Matallothioosta
sod the Lrine Eacretton ol lead, ncted both in our iottial applicetion aud
rrogtase teport. 1t Is our {otent to do 30 and to intensify the work that
Lae ceen launcned 2o avccessfuliy. 1l do hope thet you and your (uenalttea
will s%ate our enthusiasw sbout the progress of the work and vs are lovking
Intward to 4 continuation of our pleisant sssoctation. This appllcsation has
tie approvel of Lr. Llxan R, Blout, Proflessor snd (hatrnan of the Departwent
2l blological Chestatry. The budget for next ysar 12 attiched.

Sincerely youre,

h( Ke

Bart L. VYilles
Profeasvor of Bloleglcal
BLV:den Chentotry s
Approved!
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@1 . _ Progress Report--load Study

1. Intfoduction

During the first four months of this project our sfforts

have beon concentrated along two spocific llnes. Pirst, we

have explored the snalytical chemistry of lead with the goal of

improving methods for the determination of this metal in

biological materials., The availability of suitadle analytical

procedures is a clear prerequisite of any significant advance

“in this fleld, basic or applied. Second, we have conducted

preliminary investigations of the interaction of lead with

seversl blologlical systoems of varying coeplexity,

These were

chosen with the Intent of discerning suitadble experimental

systeas for detalled investigation of the biochomical effects

6 of lead along the lines {ndicated in our draft proposal., The

pertinent studies and results which contribute to both of these

goals will be described briefly. They should bo considered

largely exploratory at this juncture much ss somo of the leads

already detscted may eventually serve as the basis for extendsd

investigations.
II. Analytical Cheaistry of Lead

The availability of a sirple, rapid, precise, and ugqurlto
nethod for the detormination of lead in blologlcal materials ls.
essential for our contomplated investigations into the blochemical

of{focts of lead, Most mothods for the determination of traces
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of lead in urine, for exsmple, require the prior removal of
organic matter and concentration of lesd by ashing. The
undosirable features of these methods sre obvious: the time
required for ashing is consideradble; some of the ashing
procedures engender losses during this preparatory step; other
notals potentially interfers; reagents need to be purified to
keep contamination at a lov level.

To obviste these difficulties we have investigated the
suitability of atomic absorption spectroscopy for the
doteraination of lead. This procedurs, based on physicsl

phenomona known for more than 100 years, became practical but

a brief 7-8 years ago through the doesign of appropriate hollow
cathode sources by Walsh in Austrslis. One of his colleagues,
®¥i11is, has applied it to the analysis of lecad in urine(Nature
191, 381, 1961). In this procedure lead is oxtracted from
urine using smmoniua pyrrolidine dithiocarbamate and methyl
n-axyl ketone at acid pil, and the element doterninod>by atomic
absorption using the lead line at 2833 A. In this manner lead
nay be concentrated by a factor of 100 or more enabling the
detornination of concont;ations of 0.4 ppa using SO nl samples

of urine or even concentrations as low as 0.2 ppm when 100 or

4 . 200 m] samplos of urine are used.

The principles uncovered in our laboratory through the

introduction of long absorption cells, taking advantage of the




Boor-Lambort law,(Fuwa and Vallee, Anslytical Chemistry 3§, 942,
1963) first nade possible the lowering of the limits of detection

for many motala by orders of magnitudes, As might have been
predicted on the basis of the underlying theory, these

fundanentsls apply slso to the specific problom of lead

il

determinstion and we have now succeeded, indeed, in improving

the sensitivity obtained by atomic sbsorption spectroscopy

o 2 fag

for this elemont. Our preliminary efforts have been directed
“f‘ b tovard obviating the extraction procedure while achieving the

sensitivity which is required for routine analytical work,
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The oestablishment of optimal spectral conditions is bdasic

] to this procedure and, heace, we investigated the lead spectrua B
to uncover the idesl spoctral line to employ for the measurement ‘
= ; GB’ of lead by peans of stomic absorption. Up to tho present most 14;_;va
;;'  1 workers have used the load line at 2833 A for this purpose.

Investigation of accessiblo lines rovealed, however, that the

line at 2169.99 i is Inherontly more than twice as sensitive,

3 This discovery 1s itself based upon our genersl investigation

of the spectral rangoe from 1820-2300 I. s region not widely

considorod practicsl by many snalysts, dut which sosotimes has

| spocial advantages for certain elements, During the oxaﬁ!natlou

~of other hoavy notals wo have found {n some instances un{;stod,
very sensitive spoctral lines at such relatively short wavelengths,

For this rcason wo have scroonod tho entire spoctral rango from

-




2170 R to 1870 X(-h!lc flushing with hydrogen gas) for other
possible sen?ttivc lines, lowever, the absorption nt‘
2169.99 x has, thus far, proved supurior to sl} othors. The
relative absorption of the various ultraviolet spcclrél lines
cxarined is shown in Table 1. B

In Investigating the rost suitable pathlength for the
uetermination of lead we have found, thus far, that with a
st;ndatd Bechman burner and hydrogen-oxygen pas a 19 centineter
pathlength Alundum cell is optisal. Ewploying these co~ditions
& <slibration curve for lead in squeous solution appears as
shown in Fig. 1. A similar curve is obtained in the presence
of 0.1 M phosphate buffer 30 that under these coaditions there
15 no caried surpression of ahserption cue to the presence of
yhosphate anioa--an importaat considoration for the analyQI; of
urlae.

In an stteept to increase sensitivity, calibration curves

were prepared in the proscrnce of varying concentrations of perchloric

scid, an adjuvant we have found very helpful for the snalysis of
otiier metals. hhile st concentrations of 0.001 to 0.1 M, por-
chloric acdd increases sensitivity slightly, concentrations
anove 3.1 M perchlorate glve no significant onhancesent o}

o
scusltivity. The loau calibration curve o the presonce of

0.9% M perchilorato 13 cowparcd with that n vater In Fig. 2,
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e noxt attexpted to detormine the effoct of urine upon
the atomic absorption of lesd. Urine was extracted with
dithizone (diphenylthiocsrtazono) and carbon tetrachloride at
pH 2, 4, 6, and 8. A calibration curve of lead was then
carriod out in the presence of this extracted urine and
cormpared to that of water (Pig. 3). Yhen metal-sxtracted
urine is used as a blank, as in this instance, the calibration
curvo for lead is very similar to that in water. Illovever,
compared to a water blank the absorption of urine is significant,
It is not immodiately apparent if this sbsorption is due to
load contanination of the urine sample used or to other effects
(e.g. presence of anions) but tho intrinsic urine absorption was
not removed by oxtraction with dithitone, _

A nunber of experiments were carried out to evaluats the
oxtractability of lead from urine by dithizome since to
dotermine the concentration of the metal by this convenient
moans offerod many analytical advantages.

Lead was sdded to urine and extrsctions were carried out
over a wide range of dithizone concontrations and with varying pil.
Using rocovery exporimonts it was Jdetormined thst lead was not
extractable at acid pil and only partially extracted lnﬁgho pil
range 4-7. Conmplete extraction could not be obtalned in any of

these prelininary experizonts and thus the possibility of

increasing sensitivity by concentrating load in the urine with
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dithizone oxtraction doos not appear practical on the basis of
proesent observations. W¥e shall next carry out the sano series

of experiments employing the ammonium pyrrolidine dithjocarbarate
resgent., o |

Since the mixture of gases and volatilization of the sample
by tho Beckman burner may not be {desl in the case of lesd we
have also investigated tho suitability of utilizing speclslly
designed burnors to schieve nore optimal conditions. A ring
microbumer bdufilt in our shop, for exsmple, pernits fine flow
regulation and aixture of three gases, sdding considersdle
flexability to the shape and tempersture control of the flame
and to aspiration of the saxple. The incressed sonsltivlty'
for lesd employing such s burner 1s shown in Fig. 4. In this
instanco hydrogen was exmployed as thke gas feeding the ring,
while air and nitrogon are supplied to the microbumer. Using
this new burner, sensitivity is further increased about two
times suggosting that furthot.proxrcss slong this lin; can be
achieved,

The present linit of detection of our stomic sbsorption
nothod 1s within the range required for lesd in urine by direct
analysis and but a small lovering of this limit will nnk‘éxho
procedure sultable for wide, routine applicstion.

In brief, those prollalhnry offorts to obtain sdequate

sensitivity for the measurenent of lead have provea very
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encouraging and extension of these efforts should enable us
to dosign = sultable, sensitive, rapld and preclise method for
the mossurement of lead in biologlcsl matorials,

Ii1. Transferrin and conalbuain

He have pointed out in our initial propossl that 1lead i3
known to interfore with lhieme synthesis at a nunber of differing
ontynatic stops. It has slso besn thought possible, however,
that lead might Influence hemo synthesls by interfering with
lron transport directly and thus proventing tic arrivsal of iron
st synthetic sites. In view of the known netsl binding
propensities of serur transferrin it was postulated that lead
night bind to this protein and thus interfere with the transport
of iron.

We have attespted to test this hypothesis by lsccriainin;
§{ lead does indecd bliud to sorvus transferrin {n a manaer waich
interferes with the binding of {ron. We have also carried out
sinilar studles with the closoly related motal-binding protein,
conaldbunin, -

In order to incresse the solubility of lead tho binding
studios wore catried out in ! M Tris buffer. Under these
conditions, about 1.3 wyms of fton are roquired to saturate the
fron binding sites of 1 my of conalbunin snd adout | u;t}sf
fron to saturate the binding sites of oach »y of transfcrrin,

he results of the competition exporizents botweon load snd §ron
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for binding to conalbumin and transferrin are shown in Pig. §

. end 6. lessar concantrations of lesd were also tested with

sinilar results, PFrom the figures it may be soen that up to
8 20-fold excess of lead does not interfere significantly with

the binding of iron to either conalbiumin or transferrin. Oa

“the basis of these studies it does not sppear likely that lead

binds very readily to the iron binding site of either trans-
ferrin or conalbuain and, thus, it seens unlikely that the

competition of lead for iron-dbinding in the serum plays a
significant role in lead intoxicatioa.

-I¥. Metallothionein

Metallothionein is s srall moleculsr weight protein of
uniquo chomical composition first isolated in this laboratory

.lro- horse kidney cortex(Margoshes and Vallee, J. An. Chem, Soc,

19, 4813, 1957). Electrophoretically and ultracentrifugically
homogenous preparations contain as much as 5.9V cadmius, 2.2%
sinc, 0.2% iron, 0.1% copper and 9.3% sulfur(Xi¥gi and Vallee,
J. Blol, Chem. 235, 3460, 1960; 236, 2435, 1961). Cadnium and
tinc sppoar to compete for dinding at tho sare site snd may de
isomorphic in metallothionein, Most of the sulfur is accounted
for by 17 cysteine resicues and there is sone evidence that
esch atom of cadajium or sinc is dound to throe sulfhyd;fl groups,
The molecular welight of metallothionein is 10,000,

Bven though metalliothionein ropresents 1 to 2§ of the

[PEEURG S
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total weight of soluble protein in horse kidney cortex, efforts
to i{dontify 1ts blological function have not bdeon successful

thus fay. Its physical characteristics are consistent with

s role in a wido range of potential homeostatic mechanisas,
either in dotoxication, catalysis, storage or {mmune phonomena.
The possibility that thionein, the metal-free protein night
bind other heavy metals, such as lead has not hitherto been
investigated. The potential nlghl(lcnnco of such binding, 1if
dexonstrated, in teras of regulation or detoxification of lead
within the body is obvious. Therefore, an investigation of the
interaction of lead with rotallothionein was undertsken.

Metallothionein was prepsred according to tho method of
Kigi and Vallee(J. Biol, Chem. 235, 3460, 1960). The motal-free
protein, thionein, was preparcd by acidification and gel
filtration(Sephadax G-25). Irmodliately after separation, lead
was added to an aliquot of tho metal-free protein and the pH
restored to aeutrality by addition of 0.1 N sodium hydroxide.
The finsl concentrations employed vere: protein = §$ x 10'6N and
lead = 1 x 10N, The absorption spectra and optical rotatory
dispersion of the lead metsllothionoin were then determined. The
results are shown in Fig, 7 and 8.

It will be noted in Fig. 7 that thionein, the motal-dfree
protein, curve 1, doos not absorb light at wavelengths longer
than 240 my. This §s consistent with the amino acid analyses




for thionein which demonstrates virtually complete absence of
any aromatic amino acids which give rise to the usual protein

absorption near 280 mp, In contrsst the absorption spectrum of

netsllothionein, curve 2, shows a shoulder between 240 and 270 my.-

Difference spectra(motallothionein minus thionein) demonstrate
this shouldor to ariss from an sbsorption band centered at

250 mx which compares favorably with the known absorption bands
of cadmium mercaptidos. Llead thionein, curve 3, shows still
greater absorption, with the presence of s shoulder at vavo;
lengths longer than 300 ms and a diffuse incrosse in absorption
at uavolougghs shorter than 300 mp. This suggests that lead
binds to thionein and genorates new chromophoric motal-protein
1igand sites.

As shown in Fig. 73, the absorption dands vhlcﬁ sppear upon
binding of lesd to thionein are optically sactive as has becen
shown previously for the chromophore characteristic of cadslum
binding to this proteia(Ulmer and Vallee, Biochem. Biophys. Res.
Comnun, 8, 327, 1962). Thus, the optical rotstory dispersion
i3 anomalous at wavelongths shortor than 350 my due to the
prosonce of multiple Cotton effects. The optically active
losd-thionein chromophore indicates that the motal-binding site
of the protein is asymsotric and, thereby, provides a n:?bod

for furthor invostigation of the physical chemical properties

of this systea(Ulmer and Vallee, Advances in Iniymology 27,
37, 1963),




It would bo suspected that sulfur is the ligand which binds

load in thionein, and soxe indication that this may be the case
has been found by studying the intoraction of lead, as well as
other motals, with model systens, For example our studios of
the motal coeplexos of meorcaptoothanol aro shown in Table 2.

It may be soen that at pli 8, with a 30:1 ratio of 1igand to
metal, the intoraction of lead with mercaptoethanol produces
sbsorption bands at 250 and SIOAn., with molar extinction

g coofficients at 14,000 and 3600 respectively. The maxina of the
:? absorption bands of lead mercaptoethanol coinclides quite well

‘ with the midpoint of the extrinsic Cotton effocts shown for

load metallothionein in Fig., 8, Theso investigations will fom
the basis of s continued study of the binding of sz’ by various

@ macromolecular specios involved olther in storage, transport or

o e

disposal of the elerent.

Y. Rhodopseudoronas spheroides

Our plans for the investigation of the bicclienical effects

of lead include studies of {ts action upon heme synthosis. As

8 Iikely model system for such work, due to its easy accessibility
and known charscteristics, we havo exanined the suitability of
Rhodopseudononas sphoroldes, a photosynthetic micro-organism which
has beon successfully omployed by others in the study ofﬁﬁorpbyxln
synthesis (e.g. Gidbson et al., Blochem. J. 83, 539, 1962).




In preliminary oxporlionts wo have grown Rhodopseudomonas
spheroides, in the light, in the presence and sbsenco of 10"!
lesd, Both the growth rate and the extent of growth are
diminished by about 50% in the prosence of lead, Moreover,
mossurement of the chlorophyll content of the éells grown in
the prosence of lead rovoaled a 50% doéroaso in chlorophyll
coxpared to tho control, using protoin as a baseline. At
higher concentrations of lead, porphyrins sppear to be excreted
into the culture medium.

These prelininary exporiments demonstrate striking effects

of lead upon the total growth and chlorophyll synthosis by
these microorganisms.  Rhodopsoudomonsswould appear to offer s
unique opportunity to study the effects of lead toxicity in s
simple system and we noxt intond in this manner to examine the
effect of lead on the activity of various enzymes known to be
required for porphyrin synthesis.
VI. Conclusions

During the brief duration of this projoct we have under-
taken investigations of the methodology for deteraination of
lead in.biologlcul systoms and have investigated the interactions
of lead with soveral protoins. ¥e have also shown that loﬁi
offects the growth and metabolic charactoristica of a simple
slcro-organism, Rhodopseudomonas spheroides, which may sorve as ¢
rodel system for studles of porphyrin synthosis, Significant
progress in these aroas §s already ovidont and based upon this

work further efforts will proceed along the lines Indicated in

the initial propossl,




TABLE 1

Exanination of Ultraviolet Spectrusm for Load Lines By

Atomic Absorption Spectroscopy (llydrogen-Afr Flare)

Lines (A)
2833
2169.99
2164
2152
2130
2093
2081
2068
2026
200
1976
1962
1941
1916
1908
1900
1388
1880
1478
1922

‘1870

Te(sA)

=

"

I(uA)
s
33
(less Absorption than st 2833 1)

L]

"

"

NeTerance DNL TTS<6T
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TABLB 11
METAL COMPLEXES OF MERCAPTOBTHANOL
All st pil 8, with a 30:1 rstio of ligand:metal

METAL ION

calcium(ll)
strontium(Il)
bariun(Il)
iron(II)
codbalt(1l)
nickel(1l)

‘copper(I)

copper(1I)
silver(Il)

tinc(11)
cadmiun(1I)
marcury(11)
lead(11)

WAVELENGTH,
MAX. OR
SIIOULDER

266

MOLAR
BXTINCTION

1t00




CALIBRATION CURVE FOR LEAD (oqueous schn.)

Reference: BRL 256~175
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" EFFECT OF PERCHIORATE ON ATOMIC ABSORPTION OF JEAD
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COMPARISON OF ATOMIG ABSORPTION OF
LEAD IN URINE vs. WATER
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ATOMIC ABSORPTION SPECTROSCOPY OF LEAD
.Rlng micro-burner ¥8 Beckman burner

Referenca: | cas PRLssURE (Jbs)
BRL 175-62
175-63 {JNGA MKROBURKNER '
Fle & &
H—M peckMAN 5 35 1n
BURNER
RING
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»*~— 20 10 20

22 10 14
7
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EFFECT OF LEAD UPON BINDING OF IRON TO CONALBUMIN

Protelne 136mg
lead =~207¢

19 : : D Conalbumin  +Fe*t
© Conolbumin +PheFa™*"
o
{ ] ’ ! 1 1
5 10 15 20 re) L)
Mgm, fe't Figure 5

Reterence : BRL 256-146
: 56114




EFFECT OF LEAD UPON BINDING OF IRON TO'TRANSFERRIN

Protein = 10.95 my /ml (shghtly turbid)

leod = 207 %

FRPPRTT o

' iransferein  + fron

© Transferrin +Pb+Iron

Y .
o T Suv—

Y :-szm.‘m e x 5 i %.. .
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' Ra: 240-255
sk Horse Kidney Metallothionein
' Absorption Spectra of Leod-Thionein
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Horse Kidney Metullothlonein
fe 2t0- 255

ORD - Lacd 0dded to thionein
5x10% s Proteln

txo'™™ Pb

6.00!m Ti. pH 10

*
Reference: BRI 240-155 -
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PROPOSED PUDCET FOR STUDY Il BIOTOGICAL BASIS OF LEAD INTOXICATION

Ressarch Associate, full tine $13,000.00
Retireneat, Soc_u‘l Sacurity, etc.~-Harvard
Conposite Rate, 15% 1,950.00
Techniclan, full time 5,250.00
Rarvard Composite Rate, 9 3/41 $11.83
c 4G a 2,500,00
at d flca
Vanguard Model 1056A Automatic Ultraviolet Anslyzer J,180.00
X Model VI Fractionator with fuanels and
Volusectric Cylinders 1,200.00
oo Tine 725.00
Icavel 250.00
Togal 928,566,838
Qvsrhead, Marverd Rate 20% — 112,28
Graod Total $34,280.26
N 431



