INFORMATION TO USERS

This manuscript has been reproduced from the microfiim master. UMI films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of

computer printer.

The quality of this reproduction is dependent upon the quality of the
copy subinitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper

alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and continuing

from left to right in equal sections with small overlaps.

ProQuest information and Learning
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600

®

UMI

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



UNIVERSITY OF CINCINNATI

ey 28, 19.37.

I hereby recommend that the thesis prepared under my

supervision by Charles David Stevens

entitled _THE SOURCE OF THE FORMIC ACID

PRODUCED ON ACID HYDROILYSIS OF NUCLEIC ACIDS

be accepted as fulfilling this part of the requirements for the

degree of | DOCTOR_OF PHILOSOPHY

Approved by: |

CQA IbO O/%/)/“yd

Form 668—G. 8. and Ed.—1M—17-31

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



THE SOURCE OF THE FORMIC ACID
PRODUCED ON ACID HYDROLYSIS OF NUCLEIC ACIDS

A dissertation submitted to the

Graduate School
of the University of Cincinnati

in partial fulfillment of the
requirements for the degree of

DOCTOR OF PHILOSOPHY
1937
by

Charles David SteVens

A.B. University of Cincinnati 1933
M.S. University of Cincinnati 193ﬁ

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



UMI Number: DP16089

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized

copyright material had to be removed, a note will indicate the deletion.

UMI Microform DP16089
Copyright2009 by ProQuest LLC
All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



R
o
uS

Table of Conten

I, Introduetion .. et ittt e e c e

1. Discovery of nucleic acids .....

2.
3.
L,

5

Ele

.0

mentary anclysSes ... eie. et cean

Discovery of purines in nuclelc acilds

Dis

Car

covery of pyrimidines in nucleic acids

o

conydrates of nucleic aclds .

II. EXperiments ... .vuueeeeeeeennnneenns

-
Lo

s 0 o o

- . s e

.

page

WM

Ul U1 W

11

Materials used in formic acid production 11

2. Nitrogen and phosphorus analyses

3. Hydrolrses

RESULEE v ievreeiennnnaanenn.

ethods .......ceiiiiaiiinl

IIT. DiscusSsioll s v ineieen onaarosaas

MEEHOAE ot e e e ee et v et s

Regsults with godium formate .......

Regults with levalinic acid .......

Results with hexoses and pentoses .

Results with pyrimidines ..........

Results with purines ...........c...

g with nucleic acids ........

and formic acid deberumin-

ations

LR

IV. Summary and conclusions ...............

V. Acknowledgment ........cccioevencannn

VI, BibLliography wuv'veerae oo enon.

19 Ag 37

LR B

- .
- .
.

o o

1k

S IR A G A BRGNS |
WOW RN oM

N N
o —~!

A
\O

1=
(@)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



THE SOURCE OF THE FORMIC ACID
PRODUCED ON ACID HYDROLYSIS OF NUCLEIC ACIDS.

by

Charles David Stevens

. Department of Bibchemistry, University of Cincinnati,

Cincinnati, Ohio,

'I. Introduction

_ 1. Discovery of Nucleic Acids

In 186¢€ Friedrich Miescher at the leboratory of
Felix Hoppe-Seyler in TUbingen undertook a chemical ex-
émination of pus cells. Surgical bandages from a
nelghboring clinic were extracted with dilute sqdium
sulfate and the heavy pus cells were readlly éeparated
from adherent serum and salt solutibn by careful decan-
tafion. By treatment with dilute HC1l and also by
treatment with artificial gastric Juice, the outer
portions of the cells were dissolved leaving the nuclei
as an insoluble grey powder. This powder when dls-
solved in dilute sodium carbonate solution gave, on
addition of acetlic acid, a flocculent precipitate con-
taining phosphorus and glving protein color tests.

This precipitated material Miescher called "auclein'

(50, 39, 22).
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Hoppe-3eyler delayed publication of Misscher's
work until he and hils students had confirmed it. Then

in 1871 there appeared in Hoppe-Seyler's Medicinisch-

chemische Untersuchungen five papers on the nucleins of

pus cells (50, 17), egg yolk (51), red blood cells of
birds and reptiles (60) and casein (48).  In a further
- note which Hoppé—Seyler did not accept for publication,
Miescher expressed the thought that characteristic |
differences among these nucieins might be found, inasmuch
as they varied markedly in phOSphorué;content. This
note appeared only after Miescher's death, in his book
(54). |
| Shortly after completing nis work with pus cells
Miescher left Hoppe-Seyler to take charge of a depart-
ment at Basel. There he became interested in the
Rhine salmon,. He discovered on examining 1ts sperm
that the spermatozoa heads, which are cell nuclei, are
made up almost exclusively of & single chemical sub-
gstance, the salt of an organic base rich in nitrogen and
an organlc acld containing phosphorus (52). The base
he called "protamine! and the acid, which Altmann called
"nucleic acid", he still called "nuclein", although it
wa.s protein-free and much purer than his eaflier prepar-
ations. His analyses indicate that it was ag pure as

most prevarations made today.
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2., Elementary Analyses of Nuclelc Acids

At This point one may consider the elementary
analyses of thymonucleic acid. In Table I are listed
a number of these, together with several theoretical
calculations. Considerable variation is to be observed
among most of the figures, and particularly those for
‘nitrogen and phospnorus waich in general are low com=
pared with theory for a tetranucleotide containing a
desdxypentose.

(Insert Table>I.)

- 3. Discovery of Purines in Nucleic Acilds

On warnmlng a speciﬁen of his nuclein with nitrid
acld Miescher found (52a) that a yellow spot we.s formed
waich turned bright red when moistened with alkali,
Realizing the significance of this he asked hié colleague,
Piccard, (187Y%) to examine salmon sperm for xanthine
bodies (purines). Piccard soon extracted material by
use of boiling hYdrochloric acld which gave the well-known
gelatinous purine precipitate with ammoniacal silver niF
trate. He reported (59) the only xanthine bodies pres-
ent in the nuclein from salmon sperm were guanine and
sarcine (hypoxanthine), the latter probably being adenine
which was at that-time alwaysAmistaken for hypoxanthine.

It remained for Kossel (25) in 1885 %o discover
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Table

I.

Elementary Analyses of Thymonucleic Acid.

1470 Miescher
1896 Miescher

1897 Mathews /

1901 Levene
1901 Levene -
1901 Levene
180% Levene
1901 Levene
1905 Levene
.. 1906 Inouye

(52)
(53)
(49)
(33)

(33)

(33)
(33)
(33)
(36)
(20)

190& Levene and Mandel (Ud4)
1911~12 Peters (58)
1911-12 Peters (58)

1912 Steudel
1922 Levene
1922 Levene
1922 Levene
1922 Levene
1922 Levene

Hexose tebranucleotide

(67)
(38)
(38)
(38)
(38)
(38)

CuyzH59N1 5F1033

(38)

Desoxypentose tetranucleotide

C39t51 M 5P4025
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(39)

c

36.11
37.8

36.50
36.67
36,40
34,76
36.65
37.8

37.5

31.93
36,72
36,21

36.51

35.69
36.30

H

5.15
b5

4.69
5.10
5.24
5.16
4,57
b.g
b, L

h.97

L 5%
L, 30
b1

b, Lo
b 05

4,19

3.99

13

-

N

.09
15,
15,
16.

17.

17,
16

3L

10
18

30

.77
.89

16,

16.

17.

13,94

15.

13,

28

32

14,59
L5l

.07

A4

.« J

.25

14,79

16.76

b



adenine in pancreas, which he fthen isolated from gpleen
and from yeast. He proceeded to isolate adenine from

yeast nuclein and reported thls the same year (26),

L. Discovery of Pyrimidines in Nucleic Acids

_ The pyrimidines were later established as components
of nucleic acids. Thymine was discovered and named by
Kossel and Neumann (29) in 1893, who alsb reported the
discovery of cytosine the next year (30). Aécoli, a

student in Kossel'ls laboratory, found uracil in yeast

nucleic acid in 1900 (3).

5. Carbohydrates of Nucleic Acids

Richerd Altmann (1) in 1889 introduced the term
Thuclelce acid"'and also a convenient and general method
for its preparation free from protein. XKossel had begun
work on the nucleins in 1879 in Hoppe-Seyler!s laboratory
(24) and shortly after publication of Altmann's work, had
the chance to make a detailed study_of the nuclelc acild
Altmann had prepared from yeast, With the excéptions
already noted, the work on protein-free nucleic aclds be-
gan with that which Kossel communicated to the Phyéiolog—
ical Soclety of Berlin in 1891,

In that paper of January 30, 1891 (27) Kossel re-
ported that hydrolysis of yeast nuclelc acld with dilute

mineral acids had yilelded phosphoric acld, adenine,
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guanine, énd a substance with cérbohydrate properties,
inclﬁding the ‘0dor of caremel and quick reductionAof
alka}iné coppef solutions, |

Two years later Kossel and Horbaczéwgki (28)- re-
ported further on yeast nucleic acid from which they cob-
teined a pentouv, ité bhenylhydra"one and DbenyWan”oﬁ?
The worl of many- 1nveqf1ga ors-has q1nce idbnti“ied this
pentose as d~ribose, then unknown, ‘

: S Kdééel and Neumann (30) later(189L4) realized that
the yeast nuclelc acid previous]y used w1ght have been
cont amlnated with yeast gum, but pointed to the i‘ac+ that J
their work on thymus\nuoleicvacid presented in this paper
p”bbdbly confirmed the work on veast nucieic acid In
thiq paper they first weported the presence of a carbo—
‘hvarate in thymus nchelc acild, a name which they gave to

“gthe acid two years later (31). - They found that on treat-
*ng thymus nuolelc acid for two hours at 1500 C. W1tn
- %30% (by vblume) sulfuric acid, acids were obtained Whioh
could be extracted with ether and remgined as & brown,
thick fluid on evaporaticn cf ths ether, This fluid
wa.g subjected to distillation and about one-fourth of it
distilled over at 100 ~ 200° C. The temperature then
rose rapidly to 2%50 C. and most of the materlal dis-
tilled at 245 - 255° ¢, A thick, red-brown residue

remgined in the flask 2nd solidified on cooling.
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The first fraction gave all the reactlons for
formic acid, which they did not then discuss further,

The second fraction wss identified as levulinic acid by
its soclubillities, lodoform reaction, sodiuﬁ aitroprusside
reaction, phenyl hydrazone and silver salt, the last two
being examined as to crystal forms and elementary analysis,

Noll (56), working in Kossel's laboratory in 1898
also reported the presence of 1eﬁulinic acld in the
nydeolysate of micleic acid from.sturgeoh,sﬁerm (12 grams

‘of nucleic acld treated two hours at 150° C. with 100 ml,
of,}O% sulfuric acid). | |

Neumann (55) réportéd in a.footnoﬁe that levulinic

'acidlwas isolated by him affer tréating thymﬁé"nucleic
aoid with sulfuric aoid. | | |
}'1\ Arvaki (2), working fn‘Kosselfs laboratﬁry in 1965
aiso reported the presence of 1évu}inic acid in %the
hydrolysate of nucleic ecid from intestinal mucosa (2.8
grams of nucleic acia'treated‘thfee hours cn a wafer
‘bath with 30 ml. of 30% sulfuric acid). :

In 1902-03 Levene (34) reported that he could find
cenly a possible trace  of 1evulini¢ acid on hydrolyéis of
nucléic écid he prepared ffqm spleen.

Inouye (19) prepared nucleic acid from beef spleen
and on hydrolysis with 20% sulfuric acid obtained levu-

linic acid. In the same paper he likewise reported
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levulinic zcid could be obtained from the nﬁcleic acidv
prepared from bull testicles which according to Levene
(35) should contain no levulinic acid-forming radicles.
Inouye also duplicated these results with the nuclelc

acld from the sperm of Muraenoesox cinereus Forsk,

Since then many other isolstions of levulinic acid
from thymonucleic acid and its derivatives have been re-
ported (41, 66, 68, U3, U5, 46), and the presence of
formic acid in the distillaﬁe has been repeatedly con-
firmed.

The slimultaneous formation of these aclds from
nucleic acid was interpreted by Xossel and others as
indicéting the probable presence in the nucleic acld of
a hexose of an unstable nature, This conclusioﬁ Was‘
based on the fact that hexoses when heated with acid
yielded levulinic and formic acids. A

In 1906 and 1907 Steudel (63, 6%, 65) reported the
isolation of an isomer of saccharic acid obtained by
oxidation of nucleic acid with nitric aclid. He has
apparently not repeated this, and Levene (39) failed to
confirm this finding,

In 1908 Levene (37) observed that hexoses, as well
as pentoses and thymonuclelc acid give a green color
with orcin in the presence of traces of cupric lon.

In 1912 Levene and Jacobs (40) reported a substance
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isolated from thymonucleic acld which analyzed for a
guanine hexoside and gave after hydrolysis an osazone
which resembled glucosazone. No repetition of thils has
been feported.

All other workers falled in attempts to isolate a
sugar from thymonuclelc acid.

Feulgen in 1914 (9) and 1917 (10) emphasized the
fact, realized by investigetors in the field, that due
to its great instablility and quick melanine formation
the sugar of thymonucleic acld must differ in its sta-
bility from the class cof common sugars, He first‘sug—
gested that the carbohydrate was not an ordinary hexose
and showed that on mild hydrolysis’thymoﬁucleic acid after
losing its purines contained one or more free‘aldehyde
groups and would restore the color of a fuchsine solution
decolorized with sulfurous acid, He suggested that the
carbohydrate-might be of the naturevof glucal; but pointed
out that 1t was probably not glucal itsgelf, |

In 1920 Fischer et al. (13) found that purified
glucal does not possess the properties of simple aide-
hydes and gives no color to decolorized fuchsine, Hence
the question was as to whether Feulgen's test was due to
a secondary decomposition product or actually to the
sugar present in thymonuclelc acid., Steudel and Peiser

(68) (1924) took the former view and thought that both
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of Feulgen's tests were due to traces of furfural, and
that the sugar present was glucose, the queer behavior
of which could be explained by ite firm union with phos-
phofic acld,

In 1929 Levene and London (42) discovered a desoxy-
pentose as a component'of‘guanine nucleoside from thymo-
nucleic acid, and later Levene and collabo:atoré (EB, 45,
YE) identified the sugar as d-ribodesose (2-desoxy-d-
ribose). They showed that desoxyribose passed regdily
into levulinic acid, thus accounting for the 1evu1iﬁic
acid appeafing on acid hydrolysis of thymonucleic acid,
but 1eaving.unexplained the formic acid simultaneousiy‘formed‘
and the appearance of which, together with ievulinié,»was
supposed to be characteristic of a héxose. |

Wi11ibald Klein in 193k (23) also isolated desoxy-
ribose from thymonucleic acid, confirming the earlier |
isolation,

Professor Mathews suggested that.I determine the
amount of formic acild produced and its origin; a8 the
origin of the formic acid found in the decomposition
products of thymonucleic acid was not lknown., In the
case of the nuclelc acid of fhe tubercle bacillus, Elmer
Brown and Treat B. Johnson (4) had concluded in 1923:

"It has been shown that the sugar
functioning in tuberculinic acid is a
hexose. Thnis wag proven by identifica-

tion of levulinic and formic acids as
products of its hydrolysis."
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The same sort of proof has been given for thymonucleic
- acid by Kossel and Neumann in 1&94, No quantitative
determinations of the amount c¢f formic acid produced
on'decpmposition of any of the nucleic acids have yet
been published. |
The following investigation showed that acid
hydrolysis of thymonﬁcléic acid prepared from calves!
thymus yielded an amount of formic acid which was far
less than wéuld be obtained by acid hydrolysis of any
hekose examined under similér cohditions, and corre-~ -
spondead approkimately to ﬁhe amount derlived from the
adenine present in nucieic acid., The conclusion is>
therefore, that the formic acid.does not originate from

.the carbohydrate but from adenine chiefly.

II. Experiments
1, Materlals used in formic acld production

The materials were dried in vacuo over phosphorus
pentoxide with a few exceptlions as noted.

Sulfuric aéid, Ho 50y , Grasselli C.P. quality,

Sodium formate, HCOONa, Mallinckrodt C.P. quality.

Tartaric acid, CyHgO)y, Merck C.P. quality. Its
melting point wes found at 166-7° C.

Levulinic acid, m.p. 33°, OgHgO, Eastman. This

material was received in a partially liquid state, On
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12

standing in vacuo over magnesiuvm pesrchlorate ét room
temperature for several days it completely liquifia&.

The same was true when sulfuric aclid was used instead of
the perchlorate. Hence it was used in the liquid state,
| d-Glucose, C5H1206, anhydrous, Mrllinckrodt C.P,

quality. Melting point found was 1u=5° @,
d~Galactose, C6H12O6’ anhydrous, This was made
in this laboratory by Dr. McNary frem Coleman'and'Bell
Compe.ny C.P. lactose. Melting point found was 164-5° ¢,
d—Lev@lose, C6H1206’ anhydrous, Coleman and Bell |
C.P. quality. Melting point found was 95-60‘0;
‘ l-Arabinose, 05H1005, Coleman and Be;l C.P. quality.
Melting point found was 151-2° ¢. '
'1-Xyiose, 0531005’ Kéhlbaum. Melting point found
was 146-7° G, ' ’
~ Adenine sulfate, (CgHgNg)p.HpSOy.2H0, Eastman,
Dfied in vacuo over sulfuric acid'this was found to con-
tain 34,6 and 3%.5% nitrogen in twe analyses. Theory
is 3&.63% nitrogen.
Guanine hydrochloride, CBHBNBO.HCI.Heo, Eastman,
This was found tc contain 33,6 and 33.7% nitrogen in two
analyses. Theory is 34,07% nitrogen.
Uric acigd, G5H4N403, Coleman and Bell C.P. quality,
This was found to contain 32,8 and 33.7% nitrogen in two

analyses. Theory is 33,32% nitrogen.
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13" |

Uracil, GMHuNEOé'- .This was synthesized by Dr,
Kuizénga in this laboratory by the method of Davidson’
and Baudisch (8). It was found to contain 25.5 and -
25.1% nitrogen'in two analyses., Theory is 25,00% nitro-
gen, A

Thymine, 05H6N202. This was kindly given us by
Dr, Heyroth of tThe Basic Science Laboratory where 1t
was synthesized by the Johnson_and Hafkins (21) modifica-
tion of the method of Wheeler and lMerriam (71). There
was too 1little for an analysis by us.

Gytosiné, 04H5N30.H20. This was also kindly given
us by Dr. Heyroth. It was prepared from uracil by the
method of Hilbert and Johnson (16).  There was too little
‘for an anaiysis by us,

Yeast nucleic acid, 038H49N15P&029’ Pfanstiehl, |
This was kindly given us by Dr, Presnell of the Physiology
Department, The analysis'given on the label of the con-
tainer was 1% - 16;5% nitrogen and 7 - 10.5% phosphorus.
It was found to contain 13%.9 and 14,8% nitrogen in two
analyses, and 7.ME and 7.48% phosphorus in two analyses.
Theory is 16,12% nitrogen and 9,53% phosphorus, The N/P
ratio found was 1.2 . Theory is 1.69 .

Sodium salt of thymonucleic acid, 039H47N15P4025Na4.

his was prepared from calf thymus by the Levene and Bass
(39) modification of the method of Levene (238), The

thymus glands were obtained during slaughtering, packed
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in lce, brought to the laboratory, immediately ground,
weighed and poured into bolling salt solution, Just
hefore the precipitation of nucleic acid with ethanol,
the golution was made alkaline to litmus, About 100
grams of the sodium salt (which gave no biuret test)
were obtained from 2 kilos of glandg, .This materisl -
was purlified according to Steudel and Pelsger (69)‘by re-—-
- precipitating three times, washed with ethanol and with :
ether and dried in vacuo over sulfuric acid,

About U5 grams of nearly waite sodium nucleate were
obtained which gave no bluret test on standing twenfy—four
hours, or even then after addition of ethahol and solid
KOH (T.B. Osborne's modification (5)). It.also failed to
give Millon's tést either on slow heating or standing one |
week at room temperature. It was fcund to cdntain 12.9
and 1%.4% nitrogen in two analyses, and 7.55 and 7.76%
phogphorus in two analyses. . Theory is 15.6€% nitrogen and
9,25% phosphorus, The N/P ratio found was 1.7 . Theory
is 1;69 . The figures for nitrogen and phosphorus agree
with those given by Steudel (67)} but are lower than
those c¢f many other authors, The reason for ﬁhis vari-

ation is unknown.

2, Nitrogen and phosphorus analyses.

Nitrogen determinations were carried out by micrc-

KJjeldahl and semi-mlcro Kjeldahl analyses, The former
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were run by the procédure of Dr, Lieb (L7), The latter
were run using selenium oxychloride as catalyst (32a).

The results are shown 1in Table II.
(Insert Table II.)

Phosphorus determinations were carried out by the
Flske-Subbarow method (1l4),  Amino-naphthol sulfonic
acld was uged as reducing agent in the color formation,

The regults arse shoWn in Table III.

(Insert Table ITT.)

3. Hydrolyses and formic acld determinations.

The method of hjdrolysis employed was gimilar ﬁo-
.that uged for the prodﬁotion_of levulinic acid.by Araki
(2) in Kossel's laboratory at Heidelberg where he treated
}hucleic acid with BO%v(by volume) sulfuric acid on &
water bath for three hours, In the present work the
materials were subjected, Wifh a few exceptions‘as noted,
to 30% (by wolume) sulfuric acid through which steam was
continually passed, the periods of treatment varying in |
length ffom 3 to 12 hours on a single day, but often
carried on for several days.

The apparatus uged was that for the detérminatiop
of formic acld by the cfficial method of analysis of the

Association of Officlal Agricultural Chemists (57) into
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Table II.

Nitrogen Analyses

Materials Weight of % Nitrogen
analyzed materisl ’
(mgs.) found theory
Adenine sulfate BL.k 34,6
34.63
Adenine sulfate : 4l 3 33,5,
Guanine hydrochloride he,9 33,6 L
Guanine hydrochloride 51.1. 33.7 %01
Uric acid k o hh8 ~ 32.8 .
Uric acid - | S 4 3%3.7 35-3
Uracil ' | 3. he5 25,47
~ ‘ ' o 25.00
Uracil 5.2U5 25.12
Yeast nuclelc acid 124, 8 13.9
. . 16.12
Yeast nucleic acid 109.0 14,8
Sodium thymonucleate 10.4%52 12.94 cc
‘Sodium thymonucleate 6.089 13%.36 5.5
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Table TIII.

Phosphorus analyses

Materials Weight of % Phosphorus
analyzed material
(mgs. ) found  ‘theory
Teazt nucleic acid ‘ 1.20 7. 44 5.53
Teast nucleic acid 1,20 7.48
Sodium thymonucieate 1,34 7.76
o , o
Sodiun thymcnucleate 1.%27 7.55 e
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which an additilonal spray trap (Hopkine distilling head)
wa,e introduced between the flask conteining barium car-
bonate and the condenser ﬁo avoid losses during rapid
and prolonged distillations.

In this method the formic acid produced by the
action of strong mineral acid on the substance studied
was conbinuously steam digtilled into a consténtly boil—
ing suspension of BaCOB. Volatile acids, such és_formic,
werse cougnt here.  Tue filtrete from the Bal0; was then
treated with reagents, containing HgCl,, HC1l, NaCl and
Na acetate, and the reduced HgCl filtered off and
weighed, Any volatile acid capable of reducing HgClEH
under these conditions was estimated as formic acid,

| The procedure for formic acid determinations
followed that of the Officisl Agricultural Chemists (57),
with five exceptions, _(A) The samples of material (with
exceptiohs as noted) were placed in 30% sulfuric scid
instead of in 2% tartaric acid solutions. (B) The vol-
ume of solution in which the samples of material were
placed was kept at about 20 ml, instead of 50 ml, to
obtain more rapid removal of formic acid from the cite
of its production., (C) The rubber stopper of the flask
containing the sample weas wrapped with lead foil to pro-
tect it from acid, (D) Blank analyses on reagents were

not carried out with 150 ml. of barium chloride solution
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but with the filtrate from 2 grams of barium carbonate

boiled with 100 ml, of water to mox i0 ;g duklicoto

.,

the dctual methcd of determﬂnationfz.(ﬁg ha ﬁilbfﬁtes

rom barium carbonate were refilbered eftar»s endlnCF

. '.oo-o.
- u'. se -

over night to ensure complete removal of solid

Regults

To test the method of formic acld determination
controls were run with sodium formate in (A) 2%‘tartaric
acid solution, (B) 30% sulfuric acid solutiocn, and (Q)

- 65% sulfuric acid solution.  Blank analyses were
carried out with (A) and (B) slone. The results are
shown in Table IV.  They showed that with 2% tartaric
or 30% sulfuric acid heated for 3 hours about &5 - 95%

the formic acid added could be recovered, Some of

o
b

it is probably'converted by the stronger acid to CO
and H,0, since with 65% sulfuric only 22% was recovered
as Tormic acid.

(Insert Table IV.)

Tc test the inferference of any‘lévulinic acld
formed in the hydrolysis wilith the formic acid deter-
mination (62), controls were run with levulinic acid
“in (A) 2% tertaric acild solution, (B) 5% tartaric acid
solution, and (C) 30% sulfuric acid solution, 13 - 20

cgs, cf levulinic acid were added to the tartaric or
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Material W, of
treated material

HCOGCNs, 0.0151

HCCONa 0.0226
HCOONa 0.0217
HCOONa c.0227
HCOONa 0.0225

HECOONa 0.0212

{Elank analysis)
(no formate added)
(Blank analysis)
(no formate added)
(Blenk analysis)
(no fermate added)

-(Blank anslysis)
(no formete added)
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L He0l

(mgs. )

1024

145, 2

Table

Iv.

Formic Acid Recovery from Sodiun Formate

Wt. of HgCl

~ blank
(mgs. )
101.0

1h3. 8

.Wt. of

HCOCH

(ngs. )

9.95

14,02

I.J
o W
M\ Ul

=

G

e
A

U1
Ui

Wl
[
02

N Ul
Ul
O

O
n

15.0

Hours of
treatment
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Tablie IV,

id Recovery from Sodiumnm Formate

. Hours of

of A Vol., of digtillate

. 7 of HC cid used ‘ . Remark
304 fo oF HOOOH * yrcotment L used (nilliliters) aris
s, found theory total per hr.
.25 65.2  67.67 3 2% Lartaric 500 300 Reccverad $6,3%
.02 62.0 67.57 3 2% tartaric 900 300 Recovered 91,€%
Sl 62. 67.67 3 30% sulfuric 1200 oo - Reccvered 92,2%
.68 55.9  67.67 3. 30% sulfuric 1200 Lco Recovered &2,6%
.55 60.2  G7.67 3 30% sulfuric. 1200 400 Recovered 38.9%
.18 15,0 67.67 3 65% sulfuric 1200 400 " Recovered 22.1%

ol 2% tartaric 8400 350

Y 2% tartaric = 8Loo 350
ol 304 sulfuric 8400 350
ol . 308 sulfuric  &loo 350
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sulfuric acid and treated by the usuel procedure. for

 24 hours. The calonel preciplitate formed under these .
circumstances iﬁ the final stages of the determination
was yellow in color, as was always noted when levulinic
acid was present, a confirmation of other work (62).

The results are shown in Table V., They show thet
possibly emall amounts of gome volatille acid are formed
from levulinic acid under these oircumstances, or
rossibly small amounts of levulinic acid are volatile

or are carried into the barium carbonate suspension.
(Insert Table V.)

To saze if sulfites (which reduce the mércuric
chloride uséd in formic .acid determination by this pro-
cedﬁre) might interfere with the formio acid determin-
ations, sodidm sulfite was hested 12 hours in 20 ml. of
30% sulfuric acld while distilling 4200 ml, of water
through the apparstus in the usual manner, The filtrate
frbm barium carbonate was made up to 200 wi. in a volu-
metric flask and divided into two 100 ml., portions.

To one portion was added 50 ml, of water and the

~mercuric chloride and other reagents as used for formic
acld determination, This was heated 2 hours in a steam
bath and the HgCl produced weighed according to the
ususal procedure for formic acid determination. It was

found that 33%3.0 mg. of anhydrous sodium sulfite gave no
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Table V,
The Interference of Levulinic Acid with Formic Aclid De
Maberial Wi, cf Wy, of W, of HgCl Eguivalent  Eguivalent  Hours o
treated material  HgCl - blank wbt, of HCOOH % of HCOOH treatme
(grams)  (mgs,) (mgs.) (mgs.)
» ' | - ‘ : 3 ~)
Levuliniec 0,14 25.7 25.7 2,147 1.8 o at
acld : v 1 )
Levuliniec 0,1k 221 21.7 2.12 1.5 L2
acid - .
, , : '
Levulinic  0.13 3.5 2.1 c.20 0.15 - 24
acid . o ; '
. Levulinic C.20 | 33,7 32,3 %2.15 . 1.6 - 24
‘ acid v .
Levulinic  0.13 ol 6 22,2 2.26 L7 2k
acid : i : ,
Levulinic  0.20 31.0 29.6 2,89 . 1.5 2l
- acid . _
Levulinic  0.14 15.2 18.8 1.83 1.3 2l
acid n
Levulinic 0,14 28.1 o 27.7 2,7¢ 1.9 e
aclid :
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Table V,

Tevulinic Acid with Formic Acid Determination.

i

!

Equivelont Equivalent Hours of Vol. of distillate
wh. of HOOOH % of HOOCH |treatment ~C14 used . (milliliters)
(mes ) total per hr.
| 2,.47 1.8 - 2% tertaric  &M00 350
2.12 1.5 2l 2% tarteric. 8400 - 350
i
o.o0 0.15 2l 5% tarteric  44co . 185
3.15 | 1.6 ol 5% tartaric 4300 180
o o - 02k 0% sulfuric 3900 160
o c.6 1 { :
2.89 1.5 24k 309 sulfuric 3800 160
1.63 1.3 2k 30% sulfuric 8400 350
|2k 70% sulfuric  &loo 350

2.70 1.9

T LN i o e BT
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HgCl beyond the amount of the blank analysis, and, in
the duplicate analysis, 32,8 mg. of sodium sulfite
gave only 0.1 mg. HgCl beyond the blank,

To the other 10C ml, portion of filitrate was added
1 ml, of 10% barium chloride and two drops cf 10% HC1.
It was then acid to methyl orange. Bromine was added
and the solution heated on a steam bath, No precipi-
tate formed, Cn addition of 1 tc 2 mg. of godium sul-
fite, which dissolved, and then addition of bromire, the
solutioﬁ became turbid, The duplicaté analysis géve
similar results, indlcating the sbsence of sulfites in
the 100 ml. portlon of filfrate. ‘

To the 20 ml. of 30% sulfuric acid in which the
sulfite had originally been placed wgs added a slight
excess of hot barium hydroxidé solution, The mixturé
was filtered, About half the Ffiltrate was refiltered,
acidified to methyl orange with 10% HC1l {(less than 0.5 ml.
was required) and 1 ml, of 10% barium chloride added..

On a.ddition of bromine and warming a slight turbidity
appeared, indicating that a small quantity of sulfite
may have remained in the sulfuric acid. The duplicate
analysis geve similar results,

To further test the possibility of sulfites inter;
fering with the formic acid‘determination, glucose was

heated 6 hours in 20 ml. of 30% sulfuric acid while
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distilling 2400 ml. of water through the apparatus in

the usual manner, The filﬁfate from barium carbonate

was made up to 200 ml, in a volumetric flask and divided
into two 100 ml, portions, In one of these portions |

- formic acid wss determined as usual, and the result
multiplied by two, It was found that 100.9 mg. of glu-
cose gave 90.2 mg. ofyHgCl, equivalent to 8;79.mg, of formic
acid, a yield of &,71%. The duplicate analysis was lost,
The other 100 ml, portion of filtrate was acildified to
methyl orange with 10% HOL after addition of 1 ml, of

10% barium chloride, Bromine was then added and the . solu-
tion heatsd on a steam béth.‘ No precipitate formed, in-
dicating the absence of sulfites. On addition of 1 %o

2 mg., of sodiﬁm'sulfite, wnich dissolved, and then addi-
tion of bromine, the solution became turbid.

To further tect the possibility of sulfites inter-
fering with the formic acid determinatlion, scdium sulfite
wag placed in a suspension of 2 grams of barium carbonate
in 100 ml, of water and Tthe mixture bolled at a.rate which
evaporeted 200 nl, of water per hour, The volume of the
mixture wasg kept near 100 ml. by frequent additions of
water, fter boiling the mixture was cooled, filtered,

1 ml, of 10% barium chloride added, the cloudy mixture
refiltersd, acidified to methyl orange with 10% HC1l and

bromine added. No precipitate formed, indicating the

i
\
\
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absence of sulfites, On additlon of scdium sulfite s

cipitate formed immediately and the mixture was de-

e’
[\)

T
colcrized, This procedure was carried out with 35.3% ng,
of sodium sulfite boiled 1/2 hour, 29.8 mg. boiled 2
hours, 20,1 and 31,5 mg. bolled 2 1/2 hours, = Results

v
were similsr in all four experiments,

This serieg of experiments shows that sulfites do
nct interfere with formic acid detsrmination by this
method, This finding extends the observaticn of Zerban
(73) that sulfites do not interfere with formic acid de-
termination oy the offi cinl mefhod of the A, O; A, G,

. To measure the productlion of rformic acld from
known sugrre, when nydrolysed under similar conditions,
glucose, galactecse, levulcse, arabinose, and iylose were
nheated for a similer time in 30% sulfuric acid sclutions.
The emounts of formlc acld obtained are shown in Teble VI.

It will be seen that only minimal amounts were ob-
tained from the pentoses but 6 - 18% from the hexosecs,

levulose glving most and glucoss least but stlll about

147 in 2% hours hesting.
(Insert Table VI.)

To measure the produc fion of fermic aclid from
pyrimidines and purlnes, these substances were heated
with 30% sulfuric acid for similsr periods and the

formic acld prcduced determined: uracll, thymine, cytosine,
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Material  Wt. of
reated meterial
{grams)
Glucose 0.102L
Glucose 00,1008
Glucose 0,200%
Galactose 0.1024

Levulose 0.0997
Levulose 0.1016
Arsbinose 0,4819

Arvabinose 0,5624

Xylose 11,0164

Xylose 0.6659

Table VI,

e et e et i S22

Formic Acid Production from Sugars

Ws. of Wi, of HgCl Wk, of  ours
Wi Y ,i Y ’ % of HEO0H Hours of .

(mgs. ) (ngs. ) {mgs.)
y

e4, 2 é2.8 _6.15 5.98 3 30% su
119.3 116.5 11.36 11.09 G 30% su
115.5 11,1 11,11 11.02 10 30% su
1520 1l9,6 13.59 1M 0 307 gy

_ ] |
205.2 203.8 19.87 9,92 . 15 304 su
292.7 289.5 28.23 14,09 oy 30% su
93.1 91.7 g.9k 8.73 3 30% svu
160.2 157.4 15.35 1k.99 | 6 30% su
188.2 147.8 18,31 8L 4 30% su

A

191.7 151.3 18.65 18.36 & 4o 30% su
15.6 5.2 1,48 0.307 12 0% su
34.0 33.6 3.28 0.583 | 1o 30% su
31.7 30.3 2.95 0.290 | 3 308 su
59.4 56. 5.52 0.543 12 30% st
1.8 57.6 5.62 0,553 ol 30% st
27.5 26.1 2,54 C.281 3 30% st
W1 1,3 L,o3 0.605 12 30% st
L6.5 Lo, 3 h.13 0.620 | ol 30% st

[P ey S
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Formic Acid Productlon I[rom Sugars

iW%. of HgCl W&, of ., | Hours of ' . ~Vol, of distillate
| ] ] .5 of HCOOH ' Acid used s
- plank HCOOH treatment (milliliters)
(mgs. (mgs. ) ; total per hr.
- b 6.12 5.98 2 30% sulfuric 1200 4oo..
1165 11.30 11.09 6 30% sulfuric 2400 400
114,121 11,11 }1:32. 1o 30% sulfuricw; 1800 150
1h9.6 13.59 13208 oy 30% sulfuric 3800 160
203.8 19.87 9.92 .1 12 308 eulfuric 1500 125
289.5 28.23 14,09 ¢ o4 30% sulfuric 3600 150
91.7 g.94 8.73 1 3 30% eulfuric 1500 500
157.% 15.35 1k99 6 30% sulfuric 2600 435
187.8 18,31 8.k 1 30% sulfuric = 4800  loo
191.3 18.65 18.36 1o 304 sulfuric 4800 400
i » ' '
15.2 1.48 C.307 | 12 20% sulfuric 2400 200
33.6 3.28 0.583 | 12 . 30% sulfuric 2400 200
30.2 2.95 0.290 % 3 30% sulfuric 600 200
56.6 5.52 0.543 L 30% sulfuric 2800 235
57.6 5.62 - 0.553 . ol 30% sulfuric 5300 220
26.1 2, 5U 0.38L | 3 30% sulfuric 600 200
b1,3 4,03 0.605 l 12 30% sulfuric 2800 235
o,z h,13 0.620 ol 30% sulfuric 5300, . 220

i
i
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uric acld, adeunine sulfaﬁe, and guanine hydrochloride,
The results are shown in Tables VII and VIII. The

pyrimidines when heated with 36% sulfuric gave minimal
amnounte of no formic acid, The one result with cyto-
sine when heated for U& and 50 hours was anomalous. A

repetition gave no reduction. Of the purines adenine
wa.s egpecielly able to form formic acid,
(Insert Tables VII and VIII.)

To measure the productlon of formic acid from
nuclelc scids, anslyces were made with the sodium salt
of thymonucleic acid and with yeast nucleic acld in 30%
sulfuric acid sclutions, and with the godium selt of
thymonucleic acid in 65% sulfuric acid solution and in
40% phosphoric acid solution. The regulte are shown

in Yeble IX.

(¢t

(Insert Table IX.)

To test the production of formic acid from a
purine-free hydroiyéate of thymonuclelc acid, an analysis
was carried out by treatment cof sodium nucleate as usual
for 1.5 hours in 30% sulfuric acid. The flask conbaln-

ing the hydrolysate was cooled in an ice bath in situ

and ammonium hydroxide added to alkalinity. Sufficlent
ammoniacal silver nitrate wag added tc precipitate the
purines which were flltered off, The filtrate was

again brought to a concentration of 30% sulfuric acid
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Meterial Wt. of
treated maberisl
(grems)
Thymine  0.0357
Thymine  0.0355
Cytosine 0.C1&2
Cytosine 0.0182
Urscil  0.Lolg
‘Uracil  0.5k&2

Uric acid 0,5011
Uric acid 0.£766

Experiments with Thymine,

Wt., of Wt. of HgCl Wt. of

HgCl - blank HCCCH
(mgs. ) (mgs. ) (mgs.)
3-6 jal— | 0031
2.3 1.9 0.19
6.7 6.3 0.61
11.5 10.7 1,04
0.4 0.0 -~ - 0.00
1.8 0.4  o.04
2.8 0.0 0.00
5.6 h.e 0.1
11.7 8o9 0187
2.3 0.9 . 0.09
4.5 3.1 - 0.30
i

w -

Teble VII.:

Cytésine,

% of ﬁcoon‘treatment
0,28 e
0.52 48
3 . )4' 2)'!‘
5.71 60
0.00 b8
0.01 12
0.00 2l
0.07 12
0.16 24
0.02 24
0.03 2h

macll and Uric Aci

. Hours of
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Pable VII..

iments with Thyminé, Cytésine, U@

¥t. of HgCl Wi, of
- blank HCOOH

(mgs. ) (mgs.)
3,2 0.31
1.9 0.19
6.3 . 0.61

10.7 1,0k
0.0 0.00
0L 0.0
0.0 0.00
h.o o.41
&.9 0.87
Ou9 0'09
3.1 0.30

A
1,

Vg
ke

-

% of HOOOH

o O -
» *

(O B 1
n o

UT N

°
—\J _{:—_‘
ft

O
L[] L]

o

o

OO0 OO0
*

HO QOO

-l O H

.

0.0C2

0.03%

Hours of
treatment

12

ol

12
ol

ol
ol

acil and Uric Acid.

Aelid used

30%
. 30%
302

30%
30%
30%
30%

30%
30%

305%

30%

sulfuric

sulfuric

sulfuric
sulfuric

sulfuric
sulfuric
sulfuric
sulfuric

sulfuric

sulfuric

sulfuric

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

255

180
180



Tavle VIII.

Experiments with Adenine Sulfate and Guanine HyGroch

laterisl  We. of W&, of Wb. of HgCl Ws. of fours of
treated mabterial HgCl - blank HCooH /o of HOOOH breatmer
(grams)  {(mgs,) (ngs. ) (mgs. )
Adenine 0.3887 1088,5 1068.5 10k, 28 26,80 -1
sulfate ' :
Adenine  0.46%2  11z2.L 1132l 110.41 25,58 ek
sulfate : :
Adenine - ) 105.7 105.3 10.3  35.0 36
sulfate 0.0237 31317 2117 10.9  37.2 53
63.4 63.8 622 o2 36
| 63,1 68! 6.67  e2.7 60
Adenine 0.0293 76.0 75.6 7.37 25.1 gl
. sulfate 75.9 75.5 7.37 . 23.1 132
: - 81,7 30.9 7.90 26.9 156
76.6 76.2 7.15 25.5 ol
Adenine 0.0293 99.7 5&.9 9,66 33.1 60
sulfste 137l 116.2 11.33  38.9 156
» 78.2 77.8 7.62  26.0 ol
Adenine C.0293 87.2 g6, L - 8,46 2€.9 60
gulfate 92.3 91.1 8,92 30.5 156
‘Guanine  0.4&32 60.3 . 60.3 - 5,88 1.22 .-
hydrocnloride : ;
Guanine 0.5005 64,8 6.8 6.32 1.26 -
hydrocnloride
17.5 17.5 1.71 5.96 . 60
. 27.5 27.1 2.65 9.27 gl
Guanine — 0.0286 38.3 38.0 3,71 12.9 132
Hydrochloride TR 13,0 L. 20 14,7 : 156
5L.2 g, 6 I, gl 16.9 . 199
15.0 15.0 1,46 5.08 50
23.2 22.8" 2.2 7.71 gl
Guanine 0.0288 30.56 29.8 2.90 10.1 13e
Hydrochloride 35.9 3,7 3,38 11.7 156
42,3 o, 7 3.97  13.3 20k
50.2 48.2 k.70 16.3° 300.

Ao e o
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Table VIII.

3 with Adenine Sulfate and Guanine Hydrochloride,

of HeCl W5, of fours of Vol. of distillate
it et 7 P HWOOOW PR, Acid used $1757 5 tora
blank l’IGCOL‘I /o O HEO0H Erestnant (mllll_.:.ttf‘..;)
1gs. ) (mgs. ) i total per hr,
68.5 - 1ok.28 26,50 o2k 30% sulfuric 5100 210
132,54 110,431 25,58 . 2k 304 sulfuric 5100 210
105.3 10.3 35.0 36 %30% sulfuric U600 - 130.
11,7 10.9 37.2 53 30% sulfuric = 7900 150
63.8 f.22 21,2 36 304 salfuric 5000  1lo
68.4 £.67 22.7 60 30% sulfuric 8300 14
75.6 7.37 25.1 -84 30% sulfuric 13200 - 155
75.5 7.37 25.1 L 132 30% sulfuric 22800 70
0.9 7.90 2€.3 - 156 30% sulfuric 27600 180
76.2 75 25.5 ol %30% sulfuric 4800 200
9g8.9 9.56 33.1 60 30% sulfuric 12000 200
16.2 11.33 33,9 156 30% sulfuric 31200 200
77.8 7.62 26.0 ol 30% sulfurilc Lgoo 200
86,4 L&, L6 2&.9 60 30% sulfuric 12000 200
91.1 8,92 30.5 - 156 30% sulfuric 31200 200
60.3 5.83 1,22 -2h 30% sulfuric - 4600 190
|
64.8 6.32 1.26 -l 30% sulfuric 4600 190
17.5 1.71 5.96 . 60 30% sulfuric  &500 140
27.1 2,55 9.27 Lol 30% sulfuric 13400 160
33.0 3,71 12.9 - 132 30% sulfuric 23000 175
3.0 . 20 1,7 | 156 30% sulfuric 27300 180
43,56 I 16.9 199 30% sulfuric 36400 180
15.0 1.6 5. 08 60 30% sulfuric 8500 140
o2 & o922 7.71 gl 30% ‘sulfuric. 13400 160
29.8 ' 2.90 10.1 132 3ACf sulfuric 230C0 175
3)_1 7 3,38 11.7 . - 1R6 30% sulfuric 27800 120
1.7 3.97 13.8 . 204 30% sulfuric 37400 120
g 2 4. 70 16.3 i 300. 30% sulfuric 55400 . 185
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Table IX.

Formic Acid Production frjom Nuclele Aci

Material Wb, of Wt. of Wt. of HglL Wi, of " Hours of

7 oFf HOOO:
_ treated material  HgCl - tlank HCOCH N,O¢ HOOOH - tresbtment Al
: . (grams) (mgs.) (mgs.) (mgs.)
Teast 0.3747 148.6 148,56 14, 49 3.826 | 2% 30%
nucleic acid ' | ' ' 1 v
Yeast 0.3793 127.5 127.5 12,k 3,277 ol 30%
nucleic acld »
Sodiur thymo- 0,212 3%.1 31,7 3.09 1,46 3 30%
nucleate ' L \
Sodium thymo- 0.2000 0.8 60. 4 5.90 2,95 ol 30%
nuclsate 90.7 &9.9 8.78 k.39 66 30%
4 i s : )
nucieate A 106, 4 105.5 10,20 5.100 @ 60 30%
. S~ =z Y- : )] o
Sodium thymo- . 4054 123.9 128.5 12.53 3-?87 . ?¥ 305
nucleate : 200,7 199.9 - 19.49 h.g3 . 48 307
Sodium thymo- , 3, L1182 117.8 11.49 0,864 24 30%
nucleate e 179.5 174.8 17.43 L3470 Lg 30%
I
36.3 349 3,140 0.842 3 30%
Sodi thymo- | £0-2 ! 7.52 | 5 50 ° £
odium thymo- LAz , zZ o - A o
Fn O. .u)g 137.1 132.9 12.9 j.ho9 Ll 30/01
nucleate 185.1 179.5 17.50 L.334 13 30%.
22l .0 217.0 01.16 5. 240 ol 30%
1,3 39.9 3.89 0.961 3 30%
€5.5 82,7 38.18 2,02 6 30%.
Sodium thymo- g Uohs 1364 132.2 12,89 3,186 12 30%
nucleate 200.3 194,7 18.98 b 591 18 30%
oh1 L 23l 4 22,85 5.5U8 ok 30%
Sodium thymo- g 2012 ug,0 6,6 L sh 2,26 3 65%
nucleate '
Sodium thymo- o,6L093 87.8 g7.8 . 8.56 2.09 ol Log%
nucleate ' .
Sodium thyuie- o, 4ool 76.7 75.7 7.48 1,86 ol Lo
nucleate , L
15.5 ik,1 1.37 0.5661 1.5 30%
. ~ 521‘16 5108 5005 2011'1!' 3 30%
Soi*ui tzymo‘ 0.2073.  §1.6 57,4 5,50 2.70 G 30%
noLeate 52,0 56.6 5.52 2.66 12 30%
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Table IX.

cid Production from Nuclelc Acids,

. of P ' _ Hours of | ] Vol. of dlstillate
o 4 OF HOOOH 4o octment 2013 U820 (119931 35ers) Remarks
S ) | | total per hr,
g 7,896 2k 30% sulfuric U400 185
3 3,077 ; ol 30% sulfuric U500 190
. 09 1,46 f 3 30% sulfuric 1200 . ~hoo
.90 2,95  2u 30% sulfuric 4800 200
78 - b39 o 66 30% sulfuric 13200 200
TH 3.87 | 24 .30% sulfuric 400 200
.20 5.100 ! €0 30% sulfuric 12000 200
.53 3,087 ol 30% sulfuric &4%00 350
JU9 % €03 hg 30% sulfuric 16800 350
;49' 2, 864 2l 30% sulfuric 8400 350
L3 N b 30% sulfuric 16800 350
Lo 0.842 3 30% sulfuric %00 270
.58 1.88 6 30% sulfuric 1700 280
.96 3.209 10 30% sulfuric 3700 305
.50 L.334 13 30% sulfuric 5900 325
.16 5. 240 olt 30% sulfuric 4300 350
.89 0.961 . 3 30% sulfuric g00 - 270
.18 2,02 6 30% sulfuric 1700 280
.89 3,186 12 30% sulfuric 3900 320
.98 b 591 18 %0% sulfuric 6100 340
85 5648 - oh 30% sulfuric 8500 350
.54 2,26 3 65% sulfuric 1200 Yoo
.56 2.09 ol 40% phosphoric5100 210
g 1,86¢ 2l 40% phosphoric5100 210 |
.37 0.661 1.5 30% sulfuric 60O 400  Removed purines
.05 2. 4k 2 30% sulfuric 1300 ° 435  Ag and (NH)),80, present
.50 2.7¢ ,6 30% sulfuric 2200 365 Ag and (IH),),S0)- present
.52 2.66 12 30% sulfuric 4000 375  Ag and (NHu) 80), present
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in a wvolume cf 20 ml, and the analysis continued.A The
regults are included at the end of Table IX.

Nothing definite can be concluded from this experi—
ment for the small amounts of silver nitrate probably
hastened the oxidation of the materisl yielding some

formic acid,

Hydrolveis with 30% sulfuric acid was chosen he-
“cause, (A), practically all the carlier workers used sul-
furic acid and usually of this strength to produce levu-
linic acid (and formic acid) from thymonucleic acid, thus
affording comparable results; (B), it ig active enough to
split the pyrimidine~éugar bonds in the nucleic aclds
within a few hours; (C), it is ﬁon—volatile with steam;
(D), the rate at which it decomposes formic acid ig slow
énough.to‘allowAgood recovery of small amounts of formib
acid; and, (E), it doss not produce apprecisble amounts
of formic acid from levulinic acid,

The cpparatus and procedure adovnted have in their
original form been repeatediy tested for over twenty
years and their reliebility is'assu?ed. 3ut as the ex~
Aperimental results show, the use of 30% sulfuric acid in
s small volume (20 ml.) entails hazards and lnaccuracles

not found in the originsl procedure.
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The recoveries of formic aclid from sodium formate
placed in 2% tartaric acid colution amounted tc 9%,
confirming the Tindings of Seeker and his many colleagues
(62). In 55% sulfuric acid much of the formic acid wa.s
quickly decomposed, From 30% sulfuric acid 90% of
formic acid was recovered, but the variations among the
determinations show there is danger of decomposing part

of the Tormic acld under these conditlons 1f more than
ten milligrams are presen®t at one time, This cbndition
wa.s provably aveided in the experiments other_than thoge
on sodium formate, as consideration of the tables shows,

The blank analyses cof tartarie and of sulfuric
acid solutions indicate something of the error of the
method of determination.

The results of analyses made with levulinic acid
in 2% and in 5% tartaric acid soluticns confirm those
of Seeker (62) in thét the amount of levullnic acld which
may contaminate the determinations, while small, is quite
variable, The amount of contamination was the same
when 30% sulfuric acid was used in placé of tartaric
acid, indicating that levulinic acid probably did not
yield an appreciable. quantity of formic acid under this
treatment, |

The analyses of formic acid produced from hexoses
by acid hydreclysis in vart confirm the quk of Conrsd

and Guthzelt (6, 7), although their methods were so
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diffsrent from these a2s to render comparisons inexact,
The method used here gave somewhat higher yields of

‘formic acid than their method, but still under one mol
of formic acid peir mol of sugaf, The formic acld 1s

thought to be produced principally in this manner (70):

HE —————0H . HC———CH
~ / :
OH HO™ - = .
| | 350 | |
H.OHC—CH HC—CHO HoOHC—C ¢—CHO
2 | l e .
OH OH o}
HC————CH HG—————CH H,C CH,
” " + 2H,0= ” “ g = + HCOOH
H.OHC—C - _C—CHO H_OHC—C C—COH . H C—C. COOH
| 2l \\*O/// | § [N \\\O’// 5 3 | §§O

o

The amount of formic acld produced on acld hydrolysis
" of pentoses was less than one~-fourtn the amcunt of formic
acid reported by Conrad et al., (6, 7). Althougﬁ.there
is no doubt that small quantities (about .5%) of re-
ducing volatile substances, presumably. formic ecild,may
be produced on prolconged acid hydrolysic of pentoses, the
- mechanism of its production has not been worked out,
And the guantity ise less than 1/20th that from the seme
welght of hexoses. |
The results of the experiments with uracil, thymine,

cytosine and uric acld are in consonance with previous
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work that they do not decompose readlily in acid and
show thalt the subetances vroduce no appreciable”a~
mounts of formic acld under the treatment given. The
small guantities of Calomei produced in some cases in-
dicate something of the error of the method of deter-
mination, Evidently & volatile reducing materisl of
some kind is at times formed. It might or might not
be formic aéid. Since methyl cytosine is converted to
thymine by deamination and thymine prcduces only verf
minute amounts of formio acid, if any, it (methyl cyto-
sine) probably would not yield any formic acid on
similar treatment, |

Adenine, and to a much less extent guanine yield
formic acid when hydrolyzed with sulfuric acid.l The
presehﬁ experiments are thé first, we belleve, in'ﬁhich
the amount of this Tormic scid has been determined,

Treatment of hypoxenthine with water in e sealed
tube heated to 200° C. produced.étémall amount of formic
acid, as Kossel reported in 1882 (24a). Adénine and
hypoxanthine heated to 180 - 200° C. with concentrated

HC1 decompose according to Kr&ger (%22) in this way:
CpHgly + gH,0 = lLNH3 + 0Oy + CoHpNO, + 2HCOOH

C5H4NMO + 7H20 = BNHB + 002 + C2H5N02 +.2HCOOH
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Iin the present experiments between one and two
- moles of formlc acid were produced per mol of adenine,
It is pcesible that one of these comes from carbon atom
&, as 1t possibly occurs with guanine and xanthine,
The gource of the other mol of fcrmic acild may be eny of
the other carhon atbms. - Professgor Mathews has suggested
carbon atom 6 as a possible source, The relations of
carbon atoms %, 5 and 6 to the rest of the molecule are
similar ambng hypoxanthine, xanthine and uric aclad
which yield two, one and no mols of formic acid, re-
spectively. In all three instances'carbon atom 6_is
bound to oxygen, nitrogen and carhon. If it gave rise
te formic acld from hypoxanthine and from xanthine;.it
might be thought that it would give rise to formic acid
from uric acid., But this did not occur. On the
other haﬁd carbon atom 2 is differently bound in hypo-
xanthine than in xenthine and uric acid, It might be
the source of the second mol of formic acid, No sug-
gestion as to the exact‘source of'the formic acid from
adenine or hypoxanthine has been found in the literaturec,.
As Fischer showed (11), the mein reaction of
guanine with boiling 25% HCL is
Guanine + water = xanthine + ammonia.
On heeating with concentrated HC1 under pressure, it

was early found that xanthine decomposed in this way (61):
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CrHyipOp + 6Ho0 = 3Nz + CpHglOp, + 200, + HOOOH

Similarly, Wulff (72) found guanine decomposed in this

way
C-H-IN
575

O+ 7H.O = lLNH3 + C.H

5 5 5N02j+ 2002:+ HCOOH

5

Hunter (1) hss recently shown that simultaneously
with zenthine production, guanine may yield Y4- (or 5-)
wuan;dlnogiyo"°1*ne. ‘On oxidation of thls glyoxaline

he found:

NH - .
S i 2 | |
CG=NH (—NH + 4YH.0 + Op = U==NH + COCH + -2NH, + HCOOH
~SCH < A : 2
! | J TN, Soou
HN C N : .

Afber quantitative determination of a number of the re-
actiocn pfoducts, Hunter concluded the formic aéid came
froa carpon atom & of the guanine,

Jhetner the reactions, proceed through xanthine or
through this glyoxaline, one molecule of formie acid
is produced from cne molecule of guanine according to
thege equationg. Somewhat less formic acid than this
was found in the pressnt experiments, but the ﬁroduction
of formic acid had net stoppned after scms huﬁdreds of

aoment, This is not surprising in view of

[
-
v}
"
ok
m
o’
[y
]
I.X-
ct
<
.ﬁ
b1

snthine in acid, and the comparatively

small quantity of guanidinoglyoxaline probably involved,

L
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r

Koggel and Neumann (30) We Kiow
thet toymonucleic ecld yields Tormic acid on acid
nydrolysis, Brown snd Jonnson (4)‘have shown that the
nuclzic acid ¢f the tubercle bacillug also yields formic
acid‘on gcid hydrolysis, But so far as 1g knovwn this
ig the first report of the sroducticn oz‘f rmnlc acid by
acid hydrolysis of yeast nucleic aciﬁ, as well as tne
first 'eoovu on the guantities of formlic acld produced
on acld hydrolysis of nucleic aclds,

The avarage yield from yeast nueleic acid was 3.6%
of formic acid in 24 nours of treatment by 30% HESOq,
By calculating from the formic =zc¢id production of the

individusl subgvances, cne fin

1 mol of adernine yielded 52 z. HCOOH in 24 hours

N

2. HCOOH in 24 hours.

H
3
H
e}
h
J
)
[
¢y
C\;
l_l!
@®
'__I
o
s
ro

“"'mols of xylose vielded 3.5 g, ECOOH in 24 hours.

Totzl yield = 5& grams HCCCH in 24 hours,
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treatment, or 43 grams of formlc acid per mol of
sodium nucleate, Wrom the above calculation, it is
seen that the adenine and guanine in the nucleic acid
molecule should have glven 55 grams of formic acid,
Much of the gugar of the nucleic acid was cenvertéd
to humusz, although the yellow color of the calémel
precipitates indicéted an indeterminste amount of
levulinic acid contaminated the formic acid dstermin-
ations, The difference between the caleulated and
Tound bercentages of formlc acid must be explained

similarly to the case c¢f yeast nucleic acid,

IV. Summary and Conclusions

The chief source of formic acid obtained by acid
hydrolysls of thymonucleic acid is adenine, while
guanine contributes a minor portion, about 1/20th as
muchh as the adenine, |

Yeast nucleic acid also yields formic acid on
acid hydrclysis and to the same amount as thymonuclele,
The chief source of this formic acid is adenine, wikile.
guanine and ribose contribute miner portlions, together
about 1/8th as much as the adenine,

It is probable that the chief sources of formic
acld produced on aclid hydrolysis of the nucleic acid

of the tubercle baclllus are its adenine and, to a

]
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much less extent, guanine radicles.

Since Levene has shown that desoxyribose on acid
hydrolysis forms levulinle aéid‘it thus happens that
these two substances, levulinic acid and fornmic acid,
are now accounted for, This 1s an illustration of how
easlly an erroneous conclusion may be drawn as to the
nature of a substance from a qualitative study of its
decomposition products. For twenty years or more the
fact that nucleic acids ylelded these two substances on
acid hydrolysis was considered evidence that the carbo-
hydrate in them was a hexose, since hexoseg also show
this peculiarity; We now know the sugar of thYmonuoleic
acld was really a desoxypeﬁtose and the formic acid came

almost entirely from adenine,
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