
Table 1. Distribution of FeSD in S. mcrrces-
cens cells and pigments. Total Fe" counts 
in 70 ml of sample was 3.4 x 1 0  count/ 
min. 

Total Specific 
Weight count/ activity

Fraction (mg) min in (count/ 
fraction min mq ) 

Dry cells 750 1.2 X 1 0 9 . 6  X 10' 

Entire 
pigment 1.00 10.4 X 10" 10.4 X lo3  

Blue 
component 0.51 8.3 X 10-16.3 X 10" 

Combined 
red 
components 0.49 1.3 X 1 0  2.7 x lo3  

Table 2. Distribution of Ca" in S.m n ~ c e s -
cens cells and pigments. Total Ca4' counts 
in 70 ml of sample was 11.9 x 10' count/ 
mln. 

Total Specific 
Weight count/ act^^ it)Fraction (mg) min in (count/ 

fraction min mg) 
-

Dry cells 760 2.8 X 10' 3.7 X 10" 
-- . - --

Entire 
pigment 1.00 1.2 X 10:' 1.2 X lo3 

Blue 
colnponent 0.50 0.65 x 10'' 1.3 X 10' 

Combined red 
components 0.50 0.51 X 1 0 V . 0  X 10.' 

that he could find no evidence for the 
presence of iron in the pigment itself. 
Bortels stated that Samkow ( 3 )  had 
found iron to be a constant component of 
the ash produced after combustion of 
the pigmcnt. 

During the course of chemical invel- 
tiqations carried out on the pigment 
toinponents, which had bcen separated 
b> papcr chromatography ( 4 ) ,  we found 
that the pigment fractions contain a 
large amount of ash. Most of the alh 
could be removed by treatment with dijo- 
diurn ethylenediaminetetraacetate fVcr-
srne) .  A qualitative thiocyanate trst 
established that the ash contained iron. 
Spcctrochemical analysis (5) demon-
strated that other metal contaminates 
also were present in the ash, the princi- 
pnl ones being, in addition to iron, cal- 
cium and magnesium. We have invrsti- 
gated the presence of iron and calcium 
in the pigmcnt fractions by use of thr 
radioactive isotopes of the metals ( 6 ; .  

Serratia marcescens, strain Xima, was 
grolvn in liter flasks containing a thin 
layer of a liquid casein hydrolyzate-yeast 
extract medium to which isotopic Fez" 
or Ca4"ad been added. The culturrs 
rvere incubated for 7 days at 30°C, and 
then the cells were harvested. The pig- 

ment was extracted and fractionated into 
its components by paper chromatoo,ra-
phy according to methods described else- 
M here (4 ) . The amount of isotopic iron 
in the various components was detel-
mined bv means of a scintillation coun-
ter; the amount of isotopic calcium, by 
means of a thin-window Geiger-Miillcr 
tube. 

The results of the experiments carried 
out ~ r i t h  Fe5"nd Ca4%re presented in 
Tables 1 and 2. Owing to the fact that 
the various red components ( 4 )  werc 
present in quantities too small for accu-
rate isotopic counts to be made, the threc 
red fractions werc combined to form the 
"combined red components." Examina-
tion of the tables reveals that both iron 
and calcium are incorporated into the 
cellular components of S .  marcescens. 
However, the uptake of iron is greater. 
Approximately 34 percent of the added 
isotopic iron is found in the cells, whereas 
only 24 percent of the isotopic calcium 
tvas incorporated. Distribution of the iso- 
topes in the various fractions according 
to their specific activity demonstrates 
that iron is specifically incorporated into 
the pigment. Calcium, however, is pres- 
ent to a lesser degree in the pigment 
than in the intact cells. The specific-
activity calculations also emphasize the 
fact that iron is incorporated into the 
blue fraction of the pigment about 6 
times as much as the metal is incorpo- 
rated into the combined red fractions. 
Calcium is distributed more or less 
equally between both pigment fractions. 

These results establish the fact that 
S ,  marcescens pigments mill incorporate 
metals. However, the exact interpreta-
tion of the data must await the elucida- 
tion of the chemical structure of the pig- 
ment fractions. It  is interesting to note 
that Wrede and Rothhaas ( 7 )  stated 
that the pigmcnt was a tripyrrolc com-
pound. This structure would provide 
three nitrogen atoms as potential elec-
tron donors whose electrons could be 
shared with polyvalent metals in a chel- 
ate association. The increased affinitv 
of the pigrrlents for iron in lieu of cal-
cium could be explained by the fact that 
iron can exist as a trivalent ion, but cal- 
cium is always divalent. Spectral and 
chemical data indicate that the blue 
component is a possible dimcr of the 
red componcnts ( 8 ) .  Such a structure 
could explain the greater binding of 
iron in the blue fraction, since more 
combining sites would be available than 
in the red fractions of the pigment. 
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Lengthening the Carbon 

Chain of Sugars 

Sugars that have more carbon atoms u 

than the starting compounds have been 
prepared by several methods involving 
the addition of hydrocyanic acid, nitro- 
methane, diazomethane, and the Grig-
nard reagent to the appropriate sugar. A 
critical evaluation of these methods has 
bcen presented by Pigman and Goepp 
( 1 ) .  

We have now found (2 )  that the car- 
bon chain of carbohydrates can be 
lengthened by the addition of carbon 
monoxide and hydrogen to unsaturated 
sugars (glycals, 1, 3 ) .  To  the best of 
our knowledge, this is the first applica- 
tion of the 0x0 reaction ( 4 )  to the field 
of carbohydrates. 

To  a solution of 8.5 g of 3,4,6-tri-0-
acetyl-D-galactal ( 5 ) ,  5.8 ml of ethyl 
orthoformate, and 0.4 g of dicobalt octa- 
carbonyl (6, 7 )  in 20 ml of purified ben- 
zene contained by the liner of a reaction 
vessel having a void of 280 ml, there was 
added carbon monoxide (200 lbiin.') 
followed by hydrogen (1670 lbiin.') 
After the reactants had been heated at 
130° to 140°C for 3 hours (pressure 
drop of 170 lb/in.' at 22OC), the inor- 
ganic material was removed, and cvapo- 
ration under vacuum yielded 9.3 g of a 
sirup. The products were chromato-
graphically fractionated ( 8 )  using acid- 
washed aluminum oxide as absorbent 
and benzene-ethanol as developer. Two 
fractions were obtained. The lower (,4) 
fraction (yield, 8.0 g )  was deacetylated 
using 0.05N sodium methylate, and the 
product was then deionized using Amber- 
lite 1R-120. The product was rccrystal- 
lized several times from a solution of 
methyl alcohol in ethyl acetate (papcr 
chromatograms showed one zone). De- 
termined specifications of the product 
rvere as follows: mp = 158.5O to 159.5OC 



-- 

H-C 	 H-I
I I 

H-C 	 HOCH,1 
I I 

AcO-C-H O C O  .4c0-+ 
.4cO-C-H 	 .4cO-

H-C-----	 H-
I 
CHnOAc 

(corrected), [uIDZ1= + 37.6O (0.013 
g/cm3 water). 

The  percentage composition of com-
pound A that was calculated for C,I-I,,O, 
[C7H,,0(OI-I),] consisted of the follow- 
ing values: C, 47.23; H, 7.86; OH,  38.18. 
Values found on microa~lalysis (9)  we1.e: 
C, 47.43; I-I, 8.16; OH,  37.4 (t1 in du- 
plicate). 

Compound A exhibited a stroqg hy- 
droxy band in the infrared spectrum. I t  
I\ as undoubtedly a hy droformylated (6 )  
product that was subsequently reduced 
in the presence of the l q g e  excess of 
hydrogen. The formation of A from 
3,4,6-tri-0-acetyl-D-galactal may be il-
lustrated by the reaction that appears at 
the top of this page, ~ r h e r e  the struc-
ture of A is represented by either ( I )  or 
(11) 	( 1 0 ) .  

In  a slightly modified experiment, a 
solution of 12.8 g of 3,4,6-tri-0-acetyl-D-
glucal ( 5 ) in 45 ml of benzene and 3 ml 
of ethyl orthoformate was heated with 
0.75 g of cobalt acetate tetrahydrate ( 6 )  
under a 1 to 1 mixture of carbon monox- 
ide and hydrogen (combined gas pres- 
sure at room temperature was 1550 
1 b / h 2 )  a t  110' to 150°C for 5 hours. 
JVhen the crude product \+,as fractionated 
by chromatography ( 8 ) ,  using r)cid-
I\ ashed Magncsol-Celite as adsorbent and 
benzene as developer, a crystalline prod- 
uct ( B )  \\as obtained from the upper 
zone (yield, 20 percent). Compound B 
\$as recrystallized tu ice from ethyl acetate 
in petrolcum cther a t  30' to 60°C. De- 
termined specifications of the product 
ue re  as follons: mp=76.5'  to 78OC 
(corrected), [u],2* = + 100° (0.00179 
gjcm'  95-percent ethanol). After hydro- 
lysis, B reduced Fehling's solution in 15 
seconds. 

The percentage composition of B that 
was calculated for C,,02,0, [C,I-I,O, 
(CH,CO) , (OC,H,) ,I consisted of the 
follouing values: C, 54.23; H, 7.51; 
CI-I,CO, 34.3. The calculated molecular 
weight \+,as 376. Values found on micro- 
analysis (11) were: C, 55.56; I-I, 7.07; 
CH,CO, 34.0; molecular \\eight, 350 
(cryoscopic). 

The  analysis of compound B agrees 
most closely with the theoretical analyses 
of the diethylacetal derivative that might 
be expected to be produced by the sub- 
sequent reaction of the hydroformylation 

I I 

-C-H i 	 H-C-H 'i 

product ~vit1-1 ethyl orthoformate. The  
lolz-er zone of the chromatogram yielded 
a mixture consisting mainly of dihydro- 
3,4,6-tri-0-acetyl-D-glucal (12) .  The  
proof of structure of the co~npounds is 
in progress. 
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Increased Oxidative Effects 

on Irradiation in Glass 

During a study on the radiation-in-
duced flavor changes of meat fractions, 
we noticed a marked lack of analytic con- 
sistency in peroxide determinations in 
our irradiated lipid samples. Thosc por- 
tlo~ls of the sample that were adjacent 
to the walls of the glass co~ltai~ler gave 
a much higher peroxide value than the 
portions in the center. These samples had 
been irradiated to 3 x 106 rep, with 
gamma radiation of a mixed energy spec- 
tra, in the canal of the Materials Testing 
Reactor, Phillips Petroleum Company, 

Arco, Idaho. 4 second series of samples 
irradiated in metal cans sholred no such 
increases in the layers adjacent to the 
rvalls. We therefore ran two experiinents 
to determine the extent of the effect of 
the glass during the irradiation of lipid 
materials ( I ) . 

X large sample of ether-extracted beef 
fat \vas irradiated in a 3-in. section of 
3-cm Pyrex-glass tubing. T h e  irradiation 
level and conditions Ivere the same as 
those described in the preceding para-
graph. Upon return, the smnple M-as 
frozen solid with Dry Ice ant1 pushed out 
of the tubing. The  cylinder of lipid was 
sectioned to give an outer, a middle, and 
a core fraction. The  ~ e r o x i d e  data ob- 
tained on these fractions are given in 
Table 1. The  peroxide determination \ \as  
that of Hartman ( 2 ) .  

X second set of samples was irradi-
ated in ~vhich ground glass was incor-
porated directly into thc sample of lipid. 
The  lipid used Lras ether-rxtracted pork 
fat. These mixtures were irradiated in 
cans to a level of 3 x 10Qep. T h c  con- 
trol samples were stored and handled in 
the same \vay as the experimental sam-
ples but received no irradiation. The  per- 
oxide values obtained on these samples 
are shown in Table 2. 

I t  can be seen from both sets of data 
that there is a definite increase in the 
peroxide value of lipid samples irradi-
ated in the presence of glass. Although 
the total effect may be slight ~vhen a 
large sample has been irradiated, it is of 
importance to be arrare of the possibility 
of these effects. FYe have seen further evi- 
dence of this phenomena upon the irradi- 

Table 1. Irradiation of a lipid sample in 
glass and metal containers. 

--- 

Milligrams of benzoyl 
peroxide per 

Fraction gram of fat 

Glass Metal 

Outside 0.6 0.25 
Middle 0.2 0.27 
Core 0.05 Not sampled 

Table 2. Irradiation of lipid in presence 
of glass. 

Milligrams 
peroxide 
per gram 

Sample of fat 
--. -

Irradi- Con-
atcd trol 

Pork fat 0.355 0.186 
Pork fat + 10% w/w 
fine glass 0.420 0.175 

Pork fat + 10'76 w/w 
coarse glass 3.500 0.188 
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