
a n d  serinee3 I t  is apparent that the cells are unable 
-to form protein from these amino acids. The system 
is thus unique in that it  demonstrates protein :,yn- 
thesis to be a more sensitive reaction than photosyn- 
thesis. Unfortunately, another physiological malfunc- 
tion is the rapid decrease in the rate of photosyn-
thesis with the age of the preparation, without visible 
sign of deterioration. The loss in the ability to as-
similate C'W2is essentially logarithmic, only 20% of 
the original rate remaining after I 11r a t  23' C (in 
weak light prior to stronger illumination). I t  is, of 
course, possible that the same factors operating in 
negating protein synthesis are involved in the degra- 
datlon of the photosynthetic system. 

The preparation is intriguing as  a possibility fo r  
the study of the nutrition and function of a specific 
type of tissue in leaves, akin to that of a highly Fpe- 
cific organ in an animal. 

Reference 

3innnscript rereived April 27, 1963. 

2 These are also the only arrlino acids formed by a n  intact 
leaf within the same time period. The fact is tha t  evcn with-
.out the simultaneous fornlation of all the essential nnlino 
acids, protein synthesis (probably partial turnover) octnrs 
in excised leaves. This ynestiorl will be discussed in n snbse-
quent publication. 

Fructomaltose, a Recently Discovered 
Trisaccharide Isolated from Honeydew 

Henry E. Gray and 6.Fraenlcel 
Department of Entonzology, 
University of Illinois, Urbana 

A trisaccharide, fructomaltose, has been isolated 
from the honeydew produced by the citrus mealy bug, 
Pseztdococcus c i t l i  (Kisso), while feeding on the sap 
of etiolated Irish potato sprouts. Fructomaltose was 
not present in the potato sprout sap. The trisaccharide 
has also been located chromatographically in Ihe 
honeydews of the cottony maple scale, Pulvi~zaria 
vi t is  (L.), and the spirea aphid, A p h i s  sp i ra~co la  
Patch, and in honeybee honey. Fructomaltose has been 
located in the excreta of ' the black blowfly, Phormia 
vegzlza (Meigen), when it was fed a sucrose solution. 

The carbohydrates of honeydew were separated by 
descending paper partition chromatography, using 
Whatman No. 1filter paper and a 12-bntanol, ethanol, 
acetone, and water (5-4r3-2 v/v) solvent Benzidine-
trichioroacetic acid spray (1) was used to locate the 
carbohydrates which were fructose, glucose, sucrose, 
fructomaltose, and glucose-1-phosphate. A charcoal-
infusorial earth column chromatogram (2)  was used 
to isolate the fructomaltose from the other carbohy- 
~drates  of honeydew. 

Fructomaltose is nonreducing to Benedict's copper 
sulfate solntion, chars a t  118-124' C but does not 
melt, is dcxtrorotatory, and apparently is very hygro- 
scopic. A satisfactory 18otation value has not been ob- 
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tlined a ~ i d  the sugar hns not been crystallized. Fruc- 
tomaltose is hydro!yzed to fructose and maltose by 
either yeast invertase or dilute hyclrocliloric acid, to 
fructose, glucose, and sucrose by human saliva, and to 
glucose and sucrose by pancreatin. IIydrochloric acid 
erentually hydrolyzes it  to fructose and glucose. 

I11 order to determine the nionosaccharide ratio, 
fructomaltose was hydrolyzed quantitatively to fruc- 
tose and lnaltose by yeast invertase. The sugar- in~er-  
tase solution was deproteinized with Ba(OI-I), R I I ~  

ZnSO, (3) and the fructose/nialtose ratio determined 
calorimetrically. The fructose was determined by tlic 
Roe (4)method and the total reducing sugars by the 
Sonlogyi ( 5 )  method. Xelson7s (6)  chromogenic re-
agent was used in the latter method. The results ob- 
tained are shown in Table I. The data show a frnc- 
tose/maltose ratio of 1 : 2, by weight; therefore, 
fructomaltose contains 1fructose and 2 glucose units. 

It is believed that fructomaltose is an intermediate 
product formed during the action of invertase on 
sucrose. Sucrose is present in the normal food sup-
ply of each of the insects investigated. The presence 
of invertase in insect digestive systems has been 
demonstrated by many investigators including Sarin 
( 7 ) ,  Bertholf (8),Phillips ( 9 ) ,  Herford ( l o ) ,  and 
Fraenkel (11) .  

The effects of in. e on sucrose have been demon- 
strated by Elancl tnd Albon (12) ,  Bacon and 
Edelman (13), At__-.._and Bacon (14), and White 
and Maher (15, 16) .  Thcse investigators have sho~r-n 
that internledlate products sueh as trisaccharides, and 
even tetrasaccharides, are formed during the hydrol- 
ysis of sucrose by invertase. 

White (15,16') treated sucrose with honey invcrtase 
and found that a trisaccharide, which he identifietl 21s 
a-maltosyl-@-D-fructosidewas formed as an intermrdi- 
ate product. I t  was composed of 1fructose arid 2 ;;lu-
cose units and was h~d1-olyzed to fructose and ~naltose 
by either yeast invertase or dilute hydrochloric ncid. 
Honey invertase degraded it  to glucose and sucrose. 

Judging from the rcported reactions of fructo~ual- 
tose and maltosyl fructoside, it  appears that the two 
sugars may be identic;rl, hut this cannot be determined 
definitely until fnrther studies are  made. I t  is of in- 
terrst to note that fructomaltose arises as a natural 
product in the digestive systems of many insects, 
~ ~ h e r c a sn~altosyl fructoside is a product of an in vitro 
~eac.tion. Present studies indicate that frueton~illtose 
may be expectecl to arise in t h ~  dig?.cstire systi.111 of any 



ani~r!al that possesses ixlvertase and utilizes sucrose in 
its diet. TUMORSOBTAINED BY PLASTICSEMBEDDIXG 
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Malignant Tumors Resulting from 
Embedding Plastics in Rodents1 

B. S. Oppenheimer, Enid T. Oppenheimer, 
Arthur Purdy Stout, and I. Danishefsky 
Iftstitute of Caucer Research, 
College of Physicians and Sztrgeons, 
Columbia University, New York City 

I11 two previous comlnunications (1,2) we have 
dcscribetl various types of sarcorilas which were in-
duced ill rats and rnice by embedding certain plastic 
filrns in the anterior abdotninal wall just ventral to 
the fascia. The initial observatioiis were niade on rats 
in  which one kidney had been wi.apped in cellophane 
to produce hypertension. Seven of these rats, autop- 
sied after nearly 2 yr, were found to have developed 
sarcomas around the wrapped kidney. Later experi- 
nients showed that subcutaneous ernbedding producecl 
similar results and the ahdomilla1 wall technique is 
now generally used by us. 

I n  addition to cellophane (reyenerated cellulose) 
we have embedded a number of other plastics and 
have produced malignant tumors in a considerable 
percentage of the animals. These are all long-term ex- 
periments lasting usually 1-2 yr  before the appear- 
ance, if a t  all, of a sarcoma. The final results of some 
of these experiments cannot be reported as yet, since 
in many cases the time elapsed after embedding has 
not been sufficient for  the appearance of tumors. 

Nevertheless there are practical reasons for  publish- 
ilig further results now, as plastics are being used 
Illore and more extensively on humans by surgeons 
a i d  surgical specialists. Tt is, however, very important 
to note that so f a r  there is rio proven instance in the 
literature of a malignant tumor induced in inan by 
eii~heddi~iga plastic. (Paraffinomas are foreign-body 
reactions, not rrlaligliant growths.) On the other hand, 
oncologists have reiniiidrd us that if i t  takes 1-2 yr  

1 T l ~ i s  work mas supported by a g ran t  from the  National 
Cancer Ins t i tu te ,  U. S. Public Heal th  Service. 
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Completed Experiments 
Malignant 

tumors 
iMaterial Animals produced 

No. % 

Cellophane A Rats 15/62 35.7 
Cellophane A Mice 8/35 22.8 
Cellophane A Mice (black) 1/22 
Cellophane B Rats 20/44 45.4 
Polyethylene A Rats 10/80 12.5 
Pure polyethylene Rats 7/38 18.4 
Pure polyethylene Mice 3/29 10.3 
Polyvinyl chloride Rats 17/44 38.6 
Glass coverslip Rats 1/50 

Experiments Still in Progress 
Malignant

Material Animals tumors Animals 
produced still alive 

Cellophane C Rats 11 16 
Pure polyethylene 

perforated Rats 1 3 0 
textile Rats 1 3 1 

Silnstic Rats 12 3 
Teflon Rats 4 15 
Nylon Rats l2 2 1 
Dacron Rats 3 29 
Dacron perforated Rats 1 30 
Polystyrene Rats 2 22 

fo r  a malignant tumor to appear  in a rodent, i t  rnay 
take 10-15 yr  fo r  a similar result in a human being. 

Malignnnt tumors, adjacent to or actually wrround- 
ing the film, have been produced in rats or mice 01. 

both with the following plastics: (1)cornrnercial cel- 
lophane film (regenerated cellulose), for  convenience 
called by us Cellophane A;  (2) the same cellophane 
film after it  had been subjected to intensive extraction 
by methyl alcohol, called Cellophane B; (3)  the same 
cellophane sub,jected first to alcohol and subsequently 
to benzene extraction, called Cellophane C ;  (4) poly- 
ethylene film, called Polyethylene A ;  (5) a pure poly- 
ethylene film, specially prepared for  these experi-
ments; (6)  polyvinyl chloride film; (7) silastic. a 
silicone product; (8)  Teflon film; (9)  Dacron filni ; 
(10) polystyrene film; (11) with nylon film, so f a r  
only oue tumor, a reticulum cell sarcoma surrounding 
the nylon, has appeared, 441 days after insertion. Suc- 
cessful transplantation of this tumor was made, pro- 
ducing reticulum cell sarcomas to the second genera- 
tion. The remaining rats embedded with nylon a r e  
still under ob~erva t ion .~  

To date the highest percentage of positive results 
(45.4%) was obtained by embedding cellophane B. U p  
to the present we have obtained a total of a t  least 126 
primary tumors, including those from kidney wrap- 
pings, and many successful transplantations. 

2Since the  above was wri t ten  3 more sarcomas have ap-
peared a t  the  site of embedding nylon film. 


