
there is evidence that serum proteins 
resulting from alcohol fractionation are 
denatured to the extent that, although 
still soluble, they are poorly metabolized 
when they arc injected into an  animal 
(4 ,  pp. 460-461). Only the salting out 
method bv the use of neutral salts is 
thought to leave thc protein fractions in 
thcir native, unaltered form (4, p. 173) 
and apparently only by this mcthod Lvas 
Eazle able to obtain fractions that were" 
consistent in thcir activity. 

T h e  possibility that specific proteins 
arc essential for the activities of a t  least 
somc mammalian cells would also seem 
compatible with somc of the properties 
and roles that have becn described for 
certain protcins. They could act on the 
cell membrane and affect its pcrmeabil- 
ity to other materials. There is evidence 
that the protein hormone insulin acts in 
this way (5 ) .  There is good cvidcncc 
that certain plasma proteins can enter 
cells fairly readily ( 6 ) ;  and, once inside 
the cell, the esscntial protein may act by 
complcxing smaller compounds whose 
activity may depend on this action. T h e  
tremendous importance of this property 
of proteins and the dependance of the 
biological function of many compounds 
on the alteration of properties resulting 
from such complex formation has becn 
pointed out in detail by Needham ( 7 ) .  
I t  seerns to be an  accepted fact that pro- 
tein hormones sonlchow alter the me-
tabolism of the cells they affect; and, 
because some proteins are present in 
relative abundance, this should not in 
itself rule out an  essential metabolic role 
for them. 

LEONS. VANX 
2217 Blake Street, Berkeley, California 
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Early Man and Fossil Bison 

A4t certain sites in and near the Great 
Plains, there are associations of fossil 
bison and early types of projectile points. 
Correlating these associations, I have de- 
veloped a possiblc sequence of certain 
projectile points and of contemporaneous 
fossil bison forms (Fig. 1 )  ( I ) .  

I n  1947, Skinner and Kaisen enumer-
ated the knottn localities where fossil 
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Fig. 1. Associations of bison forms with sites and projectile point types in the Grrat Plains. 

bison are represented (2 ) .  At a number 
of these localities, Folsom, Plainvie\\., 
and Scottsbluff points have becn found. 
Since 1947, Scottsbluff points have also 
bcen identified a t  the liinley sitc in asso- 
ciation with Hisofl (Bison) occidentalis 
( 3 ) .  

Excavations at the MacI-IafKe site rc- 
vealcd that the F'olsom complex is older 
than the Scottsbluff ( 4 ) .  This fact has 
been confirmed elsetvhere by radiocar- 
bon dates on a F'olsom site (9883 t 350 
years ago) and on a Scottsbluff site 
(6876 t 250 ycars ago)-dates that in-
dicate an  age difference of somc 3000 
years ( 5 ) .  

T h e  Folsom-Scottsbluff succession hav- 
ing been established, it is evident that 
Fig. 1 shotvs the best possible way of 
correlating the fossil bison and proji:ctilc 
points. 

The  number of sites with associations 
will have to be increased before the rc- 
sults of the correlation can be regarded 
as established fact. Ncverthelcss, until 
contradictory evidence coines to light, it 
provides a M orking hypothesis. 

Sound contradictory evidence is lack- 
ing. At the Lime Crrek site, a Scotts-
bluff laycr \\as reportedly found strati- 
graphically below a laycr attributed to 
the Plainvie!\ complex ( 6 ) .  I-lot\ ever, 
according to Krieger (who originally 
conceptualized the Plain\ic.iv point),  the 
Lime Creek specimens are not Plain-
vie\\ ( 7 ) .  

Plainvie!\ points may pro\c to be 
younger than Scottsbluff on the basis of 
a supposed geologic relationship between 
the Lime Creek sitc, ttith its Scottsbluff 
layer, and the nearby Red Smoke site, 

\\.here authentic Plainvie\\. ~ o i n t s  tvete 
found. T h e  geologic c\ idcncc, hot\ ever, 
has not yet been published in a convinc- 
ing manner. 

One ~ o t c n t i a l  f l a ~ \  in the chain of 
cvidcncc must be noted. T h e  points fro111 
Grand Island and Iiusscll Springs are 
not typical Plainview points. Probably 
they are merely variants of the Plainvicxv 
type. At the Red Smoke site, these so-
called Mcscrve points tvcre found in the 
same cultural laycr as typical Plainview 
points. 

Early man (Paleo-Indian) occupa-
tions appear to be separated from the 
latcr (Xco-Indian) occupations of thc 
plains by a drouth period of somc 3000 
years, beginning about 6500 to 7000 
ycars aqo. Fo5sil forms of bison ha \e  not 
yet been found in any of the known 
Nro-Indian sites. And, with one po5sible 
cxce~t ion.  modern bison havc not been 
found in sites attributed to early man 
on the Great Plains. 

The  possible exception is the Agate 
Basin sitc in Wyoming (8) .  There, the 
bison (said to be of historic species) 
were not classified according to the sys- 
tem Skinner and Kaiscn developed. Un-  
fortunately, they were discarded from 
the U.S. National Museum because they 
appeared to be only a superfluous addi- 
tion to an  already adcquatc collection of 
modern bison (9 ) .  

A renewed excavation of this site and 
a rrexamination of its bison remains will 
shot\ whether or not the historic species 
lived contemporancoucly with occ;den-
talis in the Paleo-Indian period. Con-
temporancity seems to be out of the 
question, because the historic plains 
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to lia\e el-olved gradually from occideiz-
talis. Probably the bison remains werc 
incoi-rpctly identified. Smaller individual 
variants of occidenialis are nearly in-
separable from some of the larger indi- 
viduals of plains and woodland bison. 

Should the Agatc Basin bison remains 
prove to bc of a fossil species, the archc- 
olorr.i\r, \\.hell he finds fossil bison rclnains 
(particularly of the antiquus subspecie\), 
can a\,qrxr.t ~v i th  reason that any associ-
ated c,ultural remains belong to the Paleo- 
Indian period. \$'hen modern bison are 
found, he can attributc the associated 
cultural rcmains to the Nco-Indian pe-
riod. He will ho\vever, have to be cau-
tious ~ i r h  occ iden ia lk  remains because 
of the similarity of this forrn to rhe sur- 
\ I \  inp lace. 

RICHARDG. FOKBIS 
Pacific ,Yo~thruest  P ~ p e l z n e  Coipora t ion ,  
L,az ci Hot Sprzngs, I d a h o  
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Quantitative Infrared Spectroscopy 
of Desoxyribonucleic Acid in the 
Fractional Milligram Range 

Since desoxyribonuclcic acid (DNA) 
is gcnerall) considered as the material 
f iom nhich genes are madc, its charac- 
teri<tic infrarcd spectrum is of great bio- 
logical interest (1 ,  2 ) .  Because of thc 
ver) slight solubility of DNA in any but 
aqueous solLents and the rather strong 
ab5orption of infrared rays by water, i t  
is desiiable to examine the material in 
the iolid state. Horvever, the solid prepa- 
rations of DNA, such as powders, films, 
or Nujol pa5tc.5, that are used for this 
purpose require relatively large amounts 
of substance and g i ~e only qualitative 
spectroscopic data at best. 

This paper (3) describes quantitative 
infrared spectroscopy of DNA in the frac- 
tional milligram range with use of sus-
pensions in solid KBr, rvhich is very trans- 
parent to infrared, for specimen prepara- 

tion and a condcnsed infrarcd beam for 
spectroscopic examination. The  tech-
niquc dcvcloped for this purpose princi- 
pally follo\rs thc KBr-disk procedures 
that havc been used mainly for qualita- 
tive infrarcd spcctroscopy (4-6). Various 
improvements of the procedure, espc-
cially of the technique of specimen 
preparation, however, have enabled us to 
carry out quantitative infrarcd spectrom- 
ctry in the fractional milligram range. 

Aqueous solutions of highly polymcr- 
ized DN.4 (Tl'orthington) were mixcd 
with dilute solutions of KBr of highest 
purity (R/Terclc-Darmstadt) to give exact 
amounts (20 to 300 pg) of DN.4 in 10 ml 
of 1.2-pcrcmt KRr. T h c  lnixtures werc 
frozen quiclcly in a Dry Ice-acetone bath 
and thcn lyophilized \rith a modified 
cryochcm freczc dryer. Thc  freczc-drying 
cycle lasted for 24 to 30 hours, and the 
drying was complctcd at 25' to 30°C and 
30 to 90 I.L-Hg pressurr. 

Fifty milligrams of the frozen, dried 
matcrial was transferred into a steel die 
of Ih-in. diamctcr. Thc  die \ras evacu-
ated to about 1 mm-I-Ig and transparcnt 
disks of 1-mm thickness were pressed with 
a Carvcr prcss. The optimum timc of 
pressing was 1 minute. The  optimum 
pressure colrcsponded to the reading of 
8000 Ib/in.2 on thc Carvcr press gage 
Single or double plungcr dies \rere u s ~ d .  
Thc  s i n g l ~  plunger dies had to be greased 
with a minute quantity of graphite in 
order to prevent cracks whcn the disks 
Mere pressed out. The  double plunger die 
was relativly s i m p l ~  to us? and allowed 
pressing of disks of almost identical 
w~igh t s  (50 mg) and thicknesses ( 1  
m m ) .  

Infrarcd spcctroscopy was carried out 
with a Bcckman I.R. 2 spectrometer that 
was cquippcd \rith a beam-condensing 
unit comprised of a systcln of silver chlo- 
ride lenses. T h e  disk was inscrtcd in a 
disk holder, focused in the condensed 
beam, and examined spectroscopically. 
Measurement of bands was carricd out 
by the conventional base-linc mcthod. 

T h e  infrared spectra of the disks given 
in Fig. 1 show all the characteristic vibra- 
tions of DNA that have prcviously been 
obscrvcd in thc po\rdcrs, films, or pastes. 
Many important vibrations, such ar thc 
weak band at 9.80 u, which is present in 
DNA but absent in ribonucleic acid, ap- 
pear at least as clear or clearer in the 
disk spectrum from less than 50 pg DNA 
than they were found in the spectra from 
porvders, films, or pastes requiring 20 
timvs more material. 

The  evaluation of our method for 
quant i ta t i~e infrared spectrometry of 
small amounts of DNA was carried out 
in disks containinq 9, 18, 27, 36, 54, and 
72 ug of DNA. Three diffprent absorp- 
tion bands-namely, the bands at about 
8.1 p, 9 80 w,  and 10.30 u-were cxam-

~ n e d  in each disk, and the absorbancies 
found \rith the base-linc method were 
plottcd versus concentrations (Fig. 2 ) .  

Figurc 2 demonstratev the linearity of 
the function of absorbancy versus con-
centration found in all thc thrce absorp- 
tion bands and indicates strict observance 
of Beer's la\r at cvcn low DNA concen- 
trations. Furthcrmorc, thc linearity of 
these functions is sho~vn by agreelncnt of 
thr thrce cxtinction coeffieicnts that \rere 
calculated from the experimental data. 
At DNA concentrations of 36 pg and 
abovc, extinction cocficients for all the 
three bands show percent average devia- 
tions of t 3 to 24.2 pcrcent. At DNA 
concentrations bclo\r 36 pg, the dcvia- 
tions increasc in the two wcakcr bands 
(9.80 LL and 10.30 v ) .  I n  the strongest 
band (8.1 p ) ,  however, the pcrcent aver- 
age dcviation of the extinction coefficients 
remains at t 3 pcrcent evcn at DNA con- 
centration as l o ~ r  as 18 yg. 

I t  is believed that the mcthod for quan- 
titativc infrared spcctromctry of small 

Fig. 1. Infrared spectra of desoxyribon~c- 
cleic acid suspended in solid potassium 
bromide. The upper curve gives the trans- 
mittancy of a disk, containing 48 pg of 
DNA in 50 mg of ICGr; the lower curve 
gives thc transmittancy of a disk contain- 
ing 166 pg of DNA in 50 mg of KRr. 

MICROGRAMS 

Fig. 2. Graphic indication of infrared ab- 
sorbancy versus concentration of DNA in 
disks containing 9, 18, 27, 36, 54 and 72  
pg of DNA. The upper curve was obtained 
from mcasurcments of the bands at 8.1 p, 
the midcilc curve from the ahsorbancies of 
the bands at 9.80 p, and the bottom curve 
from those of the hands at 10.30 K. 
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