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DEGRADATION OF ISOTOPIC LACTATE AND ACETATE

Qy

So Aronoff, V. A. Haas, B. A, Fries (2)

Radiation Laboratory a~d

Department of Chemistry,
University of California,
Berkeley, California*

24 February 1948

Abstract

A soheme of glucoso degradation has been validated by the use of

intermediates of known :lSotO}-iC composition. In this scheme: glucor:.e·· _._-}

lactic acid ----;> CO2 (C-3,4)·" acetic acid.·.--+ CO2 (C-2,5) +. acetone --------;'-"

iodoform (C-l,6) + acetate (C.l,6; 2,5), it was found that a) in the oxida-

tion of lactic acid, approxim~tely 4.7% a! the acetic acid was oxidized to

CO2; and b) ~der the conditions pr~scribed, BaC03 from the degradation of

Ba acetate contained approximately 1.5% of the activity of the methyl group.

------..-------..-----,---........- ,-....-,---_._---------
~2) While on leave from California Research Cor}oratio~Richmond, California.

* Thi~ paper is bas8d on vrork performed under Contract Number W-7405-Eng.-48
with the Atomic Energy Commission in connection with the Radiation Laboratory
of the University of California, B8rkGl~y, California~

j. i

For pub~ication in Analytical Chemistry
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DEGRADATION OF ISOTOr:::C LACTATE AND ACETATE

by

S. Aronoff, V. A. Haas, andB. Fries

Radiation Laboratory and
Department of Chemistry of
the University of California,
Berkeley, Californi8. .. ','Ie

24 February 19/,Y

The biological pr~paration ,f glucose containing isotopic carbon has

made necessary the development of degradation procedures for the determination

of the distribution of the isotope Vldthin the molecule. T\,'o such procedures

have been given by Wood; Lifson, and Lorber (1), one being entirely chem:.L.cal,

the other partially microbiological. Tho results of a modified version of the

latter were recently published by Aronoff, Barker, and Calvin (2). Their

scheme can be depicted as:'

OH OH
~ I

" C··- C
/' 2 1 ",

HO"'C 3 b --.- ,----.---- ...
",,4 5/

" C··· C
I I

Oll OH20H
6

glucose

Lactobacillus
casei

,0
(3 ~4) C::OH

bctic acid acetic acid

iodoform

/0
(2,5) C<'/

!··..... >OH

(1,6)H-C-H
;

H
acetate

H

I (1,6)H-t.H
OH :

(1,6)H-9-1 &.. '.. --(2,5) c=o
i I) - I

(1,6)H-C-H
H

acetone

-+ . (2,5) BaCO)

---------,-------,----.- - .,-----.----------'-
(1). H. G. Wood, N. Lifson, and V. l~rber, J. Biolo Chern., 159, 475 (1945)

(2). S. Aronoff, H. A. Barker, and M. Cdlvin, J, Biol~ Chern., 1~, 459 (1947)

--------,---_.._--------------_ ..~~_ ....._-~-~------------
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It was of interest to determine the reliability of the above procedure by the

degradation of sjnthetic radio-lactic and acetic acid of known isotopic distri­

bution. Synthetic radio-glucose is not yet available.

Fermentation

Inasmuch as our fermentation pi'ocedtite has not been publJ.shed else-

where, the folloV'Jin.g details are given. The homferment3tive bacterium

1. casei t. was usod to convert glucose to lad·i.e acid. Sucrose may be fer-

mented also~ but at a rate approximately one-tenth that of glucose. Sixteen~

hour cultures, grown in Stokes and Gunness medium (3), were uS6d. The activity

of culturos older than 24 hours decreased aPlreciably with time, so that 96

hour cultures v!ore almost inactive. Y,ith sixteen hour culturos the rate of

fermentation was 1.0 g. glucose/cmm wet bacteria/min.

The bacterial culture was centrifuged and the organisms washed twice

with distilled water. Five cc. of a 20% (vol.) aqueous suspension were then

mixed in a manometric reaction vess~l with an equal volume of a solution con-

sisting of M- bicarbonate
10

mg. of glucose added. It

and M-- phosphate (pH==6.8) and fifteen to thrity
200

is evident th3t the amount of gluco~e added as sub-

strate should be sufficient to prevent excessive glucose incorporation into

the ~nternal bacterial metabolism and ~et not be so excessive as to require an

undue fermentation time. In our experiments less than 1% of the original ac-

tivity is found within the cells. The fermentation was allowed to proceed at

370C., its progress being noted by the evolution of C02 as lactic acid was

formed. It was found convenient to use mercury as the manometer fluid because

of the large amount of gas evolved. Upon compl~tion of the reaction the sus-

pension was removed quantitatively from the reaction vessel with two washes'

--------------------------------~--------
(3). J. L. Stokes and !IiI. Gunness, J. Biol. Chern., 1.21, 651 (1945); l6g, .35

(1945); l~, 159 (1946).

--......---..-------"'1'"1".......- .........., ,-...---.,---..--....---~--.-...,.p-----
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and centrif,uged. The supernatant was comlDined Vlith two SUbsequent washings

and after acidification with dilute sulfuric acid v'as steam distilled. The

residual solut~on was made alkaline to thymol blue, and ether-extracted for

12 hours. Following acidification with dilute sulfuric aC.Ld, the aqueous

solution was again extracted with ethyl ether. The latter ethereal solution,

contain.:;.ng the lactic acid, was evaporated and water added to make a volume

of approx~mately 5 cc. The solution was then quantitatively transferred to

an oxidation vessel.

1§..£tic 4.£i.cLDegra~tion.

2-C14-lactic acid was prepared by the reduction of 2-C14.pyruvic acid

with Pt an(~ H2• The lactate \(laS isolated and purified as the Zinc salt. The

pyruvic acid ln turn had been prepared from carboxyl-labeled acetic acid (4).

The oxidative degradatlon of lactic acid to acetic acid and CO2 by means of

Cr03 in di1'!lte acid solution has been used by agricultural chemists (5).

Determinations [Ire generally mac,e of the acetic acid which is formed in 95-97%

yield. Acids such ao succinic al'e not affected by the oxidation lDlxture;

others, as tartaric and malic, are completely oxidized. Oxidation of the 2_C14~

lactic acid by the modified procedures given below resulted in BaC03 with 4.3%

of the original activity. Assuming that the activity appearing in the RaC03

arises from oxidatioh of some of the acetic acid, the results indicate 4.7%

oxidation of the acetic acid to CO2 and H20.

The oxidation was performed in the reaction ve5se1 shown in Figure

lao An inert carrier gas (e.g. N2) ras used to carry the CO2 evolved in the

renction to the absorption vessel (Figure lb o ) The latter conshted of a

--,----_..-----.....--...---'--_._----'--- '------,..---
(4). R. rll. Lemmon and M. Calvin, J. Am. Chern. Soc., 19.2, 1232 (1947).

(5). B. Semicpon and M. P. Po Flanzy, illlD. Fals. 22,414 (1932); g~, 516 (1931).

----- '-----_.._.-....-----,--..-.---...------,-------



Figure la·
Reliction vessel

g 1.2.'
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sintered glabs bubbler within a weighed tube containing ~ CO2-free NaOH. The

rEJ8ction vessel contained 10-50 mg. of the lactic acid in 5-8 cc. of 1 N H2S04•

Tv'o cc. of erO] -H20 (1:1, wt.) were ripetted into the side arm. The atmosphere

of the r6action vessel was swept free of C02, connected to the absorption

vessel and the CrO] solution tipred into the lactic acid solution, The

reaction pl.'ocGeded at lOOoC for 40 minutes. When the reaction was complete,

the resi~ual solution on the surface of the sintered glass bubbler was care-

fully vashed with di:o;tilled water into the alkali while the carrier gas was

still flowing. A fe\N drops of saturated BaC12 were added to the NaOR to

precipitate BaCO]. The precipitate was centrifuged (protected from air by

a rubber stopper), washed once with water and twice Vtith methanol, After

OV8n dr3ring (or, more rapidly, in a continuously evacuated Abderhalden drying

pistol), the precipitate was weighed and plated for C14 determination, The

acetic acid was quantitatively steam dibtilled from the residual oxidation

mixture and the distillate titrated with Ba(OH)2' Recoveries of acetic acid

as the barium salt were 97%~ 1%, based on the initial lactic acid,

Ace~~egrada~

Two methods of acetate degradation have been employed: 1) pyrolysis

of the barium salt to BaCO] and acetone; and 2) electrolysis of the sodium

salt to C02 and ethane. In the first method both methyl- and carboxyl-labeled

acetat8 were used; in the second, only methyl-laueled acetate. In the pyrolysis

methoc flnally adopted, the dried barium salt ~as heated at 530°C for 10

minutes (Figure 2) in an atmosphere of nitrogen or argon. The inert gas was

us~d to sweep the acetone framed ~nto a gas washing bottle. Satlsfactory re-

suIts could be obtained only at snfficient;J:y high temperatures. At 450°C

as much as 15% of the activity cf the methyl· group could be found in the resi....

:1'...1.al BaC0
3

• The residual BaC03 , which was dark gra'JT i was purified by the



L_·p.~. ','- ~'Ar E. ,I'"

Figure ·2
Reaction vessel for pyrolysis
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liberation of CO2 with lactic acid and subsequent reprecipitati6ni The yield

of iodoform from acetone is 95% (6); under our experimental conditions, the

yield of dry iodoform from acetone was approximately 90% and that from the

barium acetate pyrolysis was of the order of 70%.

Table I enumer'ates the results under diverse conditions:

Table I

Pyrolysis of Methyl-labeaed Barium Acetate

"1' =;;=ctr.+~ ....~-----~~~-~:=- """"---r- ,= =--,.... -"""--=-J_,,",~_ ... =n ......... 'S'-... -"'I~----- ,..,...,..-,."" -"".....,-,,~---~_ ..~----- ..._

Lxper~ment i Temperature I %of Activity
i (time.::;. 10 min.) in carboxyl
~ I

l~ High vacuum i 530°C I 2.3
(clas6d system) I I

.- ----.-..--.. -.--.-.-- --._ _--- _----1-.~_._._---_._---_._._~.__.'--
2. Law vacuum i 450°0 4,,0

(vapor pressure- of water,: 5.7

-3.-a)-~~~r~~nJ._ ----L- 450oC----- --{:5·._· _
b) Flaw (liberation of I 530°0 3.0

CO2 from residue i l

oj :::: ::;:~04J ------- ··-----·5300C 1.6

(Liberation of 002 1.1
from residue with I 0.86
50% lactio) j

i
I

Pyrolysis of carboxyl-labeled acetate under conditions of experiment

3a yielded iodoform with an activity of less than 0.1% of the carboxyl carbon.

The work of H61eman and Clusius (7) indicated that electrolysis was

an additional and possibly useful method of degradation of acetate. It was

conceivable that with this type of bond cleavage, fewer side react~ons might

occur. Under the conditions prescribed by these authors the ratio of 002

---._--~-----, .._-....,...----,-_.-...-.....--_.-----....------'.-....--.....,..._...-------_..-
(6) • VL. H. Hatcher and W.. H,; IVl')e1ler~ Trans. Royal Soc. of Canada, ~,

Se:ries 3·part 1, Sect, 1>_:~, (1929). -

P. H81em9.n an~ K. Clusius\. Zeit~ fur:' n~ysiol. Chem q 35g;. ,261 (1937).
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yi~ld to ethane produced would indicate almost complete conv~rs~on of methyl

free radicals to ethane. A simple electrolysis vessel with bright platinum

electrodes (2 0 5 em x 1 em.) was filled ~ith 4 co; bf 1;6 M sodium acetate

(methyl-label~d). A current of 100 jUBmps. was passed through for ~ hour•.

Using N2 as carrier gas, the CO
2

v"as collected in a gas washing bottle con­

tainine NaOH. The unabsorped gases were passed through a CuO...filled combus.

tion furnace and th~ resulting CO2 also collected in NaOH. The yield of

BaQ0
3

from the ethane fraction was only t of that from the carboxyl group.

1% of the activJ.ty was found in the carbon dioxide produced by the electrolysis •.

It is not known vmether the same results would be obtained from electrolysis

of a more dilut~ solution.

A scheme of glucose degradation has been validated by the use of

intermedia te s of known isotop.i.c composition. In this scheme: glucose -.------;­

lactic acid -------._--;> CO2 (C-3,4)+ acetic acid----~CO
2

(C-2,5) + acetone---7

iodoform (C-l s6)+ acetate (C...l,6; 2,5), it was found that a) in the oxida­

tion of lactJ.c acid~ approximately 4.7% of the acetic acid was oxidized to

CO2; and b) under the conditions prescribed, BaC03 from the degradation of

Ba acetnte co~~ained apprvximately 1.5% of the activity of the m6thyl group.








