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I. Introductione.

The Hitrogen metaboliem of plants has been

(e

the subject of much experiwmental investigation,

[JEN

since the time of ichulze, whose extexsive
researches in this field laid the basis for further
work, but, partly owing to the wany cnalges whicn
have takea place in tane exserinental methods used
ror deverzining nitroge:n distribution, a grsat deal
of this experimental work has beza doane under such
differesnt conditions that comyarison with similar
results of otaer workers 1s hardly possible.
woreover, many of the wmethods used have unot been
stundardized sufriciently rigidly to aduit of their
beinz reveated by otaer investijators. A
deterwination of tas nitrogen distiibution in the
Lupin seedlinz at various stages of growth had been
pade in Vestfield College laboratory (see siciie,
1630) and it was thouzht thac a similar quaatitative
study of the nitrogen metabolism of the pea ssedling,
carried out uader parallel conditions, as far as
possible, might yield interesting results, which at
the sume time misht be useful ian conjunction with
tihe results of obther worlkers in the same field.

he pea was ciosen for this work, becausse in



Ze
the first place, it was closely allied, genetically,

to the Lupin, both belonzing to tie Leguminosae,

and becauses, ifurcher, the Leguwinosaz are kuowz to
be ratier exceptional with rejard to their aitrczen
metabolisn, accumulatiag, in general, a larjer
proncriion of asgaragine during nrotein hydrolysis.

LO Tre

nt data for tiue bitro~en wetabolicsr of the

Q
Q]

green pea are avallable; 10 was hoped, trersiore,

tnat such a study would serve to indicate waet

thie pea resembled other weibers of the Lezuminosace

4 similar investigation of the nitrozen
matabolisiy of the etiolated pea edlin. was made
in 1916, by sure aand TCottingham, who stuiled the
nitrogen distribution in the cotyledon azxd in tle

]

shoot, separately. In the present research two lots

w
=
w

of etiolated pea sesedlings also grown and

analyssd, under couditions exactly par«llel to those

0]
At

oL

prevailing for the jreen s8¢

g

lings, in order to
detsrmine at waat stage tie nitrogen zetabolisa of
the plant was arfecved Dby the pressice of ligate.

Phese results have besa comparsd as rar as it was

possible, with sure azd Tolttinghan's data for



wince 1t was known that the pressalt piece of
1 could not extsxnd over wmore bthan ocus year,
only the siwple Qroblem'of detercining nitrozen
digtribution at various stazes of srowth, was

attenpted, bul sgeveral otier provlews for furthe

i

study, whicih sug.ested themzzlves during the

iavestis

Garden peas (Pisum sativua), Little gem

variety, wars growa in large ezaritheawvare pots

(about 6-12 in a pot) in a warm jreenhouss fron
daauvary - &spril 1935.  The seeds were planted

about 1zci. deep in a good potting nixture, countaining
much leaf mould and a little sand, the sawe wmixture
beins used throuziout. In earlier experineats,

the peas had besa soaked for 24 hours before plaating,
but it was found that this treatment tended to cause

bacterial decomnosition of tne sseds, and was
= 2

therefore discountinued in later sowings. The

£

seedlings were freely watered daily.

Shoots uswvally appeared above the _round after



TABLE 1.

Comparison of Hesults of I Distribution in Dunlicate fxtracts.

3 Il estimated Iasol. Coajy Proteose Total imm— ‘mide 4mino Total
)T as: Te ©protein JU protein ounia I, e I
ybal JS N. e estin—
1 : ated.
.ginal Lot I. 4  11l.48 75.22 9.683 96.33 0.13 1.48 2.18 100.17
red '

moon B 10,37 T7.22 8.32 95.61 1.13 1.4 240 92.92
days Lot II.: 72.97 15.95 6.65 95.57 Ced?7 1.92 4.29 10R.25
ywth)

wew B 80.56 13.33 0.921 94.8 0.55 1.43 4.383 10€l.16
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about a weeclk. Teudrils cccurred first oa the
znd. day, while nodules did mot anpear oa tae
roots uatil the 32nd. day.

creeanouse varied from

(]

Tae temperature ol ths

10°-20%. (50°-67%2.).

2) Harvestin-.
/
about 00 sezdlingfs were harvested from oae
Latch. axcept in two cases, (Lots I and VII)

all the seedlin s were used for a single extraction;

bt

I

Lut in these two ssts, duplicate determinatioans of
nitrogen distribution were zade on parallel
gxtracts in order to test tue accuracy ol the

1 . .
age res
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@
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procedure. 48 seen in Table I, €

Q)

le for tha
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reasonably well and as the time ave

present rescarch was limited, no subseguent

duplicate extraciions were wade.

The earth was gently loosened from the roots
and the seedlings immediately wasiaed carefully in
cold, running water aad cleazed with the aid of a

e

small camel hair brush. They were gently dried
between bloteingz paper, before being wmeasured for

ir geaneral

(©)

total length of root axd shoot. Th

aspearance, (anuvmber of leaves, appearance of



tendrils, acdules etc.,) was noted, and any obvious
abnorralities were discarded.

In order to yrevent subsequent enzymic
hydrolysis, the seedlings, wrapped in a muslin cloth,
were lmmerged in bolling weter for 1 minute. Tais
treatueat should deactivate any eunzjyues preseunt.

In case any soluble nidrozsnous compounds saould have
been extracted frowm The geed during Cthis treatwmeat,
the Dboiling water residue was evaporated Lo small
bulk on a water bati, treated with ten times its
voluue of alcohol, and thae white, flocculent
precipitate filtered off on a Jena zlass crucivle,
washed .with spirit, dried aad weighed. The
filtrate was evaporated to swmall bulk aad analyzed
as a winole for total I, with a negative result.
Only in lot Vi was the precipitate, waich weighed
less than O.lgm. sufficieat in amouat to allow of
further analyses. Quantitative analysis ofbthis
residue for amide and amino acid nitrogean asain
yieclded a negzative result. Uniortunately, aiter
these analyses had beea perforzed, there was not
surficient of the precipitate left to carry out a

determination of total We.



the seedlings were dried as completely as
possible bectween blotting paper and traansferred to
975 alcohol in a stopvered bottle uatil reguired
for azalysis.

3) Stiolated Seedlinss.

weedlings were also srown in the dark uander

Mal

conditions (of temperatures, soil axd watering)

Lo

similar to those employed for ;rowing the normal
seedlings. Dariness was secured by covering the
roof aud sides or tae greenhoase with Dblack, polisued
nayer, thick blacik curtains beinz hung rouand the
bexnch wihich was used for this series of seedlings.
The seeds were watered at 2igat, the curtains being
yulled back to allow access of fresh air to the soil.
The whole process orf harveéting, washing and of
subsequent operations was carried out ia the light
and the seedliazs were finally bottled in spirit,

as betfore. The-seedlings in most cases appeared
almost completely etiolated, though their stems were
occasionally pale yellow in colour.

4) Residve in Snirit.

The seedlinys were removed from spirit aand any
residue in the alcohol Jjar was azalyzed for awide I

(since asparagine, beingz insoluble in alcohol, wumight



7e
anpear here. Cf. JuicXie (1931) ). In Lot IV this
residue, whexn dry, welghed O;OZng. and was found
to contaln no anide . In no other set was there
sufricieat insoluble recsidue for analysis. since
this residue uader the wicroscops, apjpeared aworphrous,
it was considered taat it was probably some trace of
protein material, iusoluble ia alcohol, and since
its amount was soall compared with the total protein
preseunt, it was neglectéd. In lot VIII, there was
no solid residue, bubt wmuch chlorophyll had been
extracts from the lsaves. The alcohol solution
was evaporated to swmall bulk and analyzed as a

.

which was fcund to be about 2.5

‘2

1

wihole for total
of the total I, (although this I had not, of course,

been included in the estimate of total o of the weal).
In no other case were the sesdlings left for a long
enowzil time in alcohol for much chlorophyll to be
xtracted.

%) Dryins of

Various rscomuendations have been made with
resard to the optimww conditions for drying, wien

least change in the nitrogen distridution takes place.



TLLLE IT.

Osborns and akewan: 1920.J.Diol.Chem. (42)D.

W

Commarison of ! distribution in fr

of swinaciie

nitrozen,.

resh leoves Doy leav
Total zrotein 8745 ‘ e
Coagulable protein 068 | 5.9
Jolloidal nrotein 537 5368
Froteose 4.8 11.3
Fon-protein substances 2549 <6 .4
Suluble in ether and alcohol Red 2e9
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Drief referesce will be wmade to the coatributions
Or receat worlksrs towards the solution of this
problem:

Puring an investigation on the protein nitrogen
of spinach leaves, Usborane and Jalkeman (1920)
compared the distributioan of nitrogen in fresn
leaves and in leaves dried in a current of air at
60°. Some of taeir results are renroduced in
Table ITI, They coucluded that WIipinach leaves
dried at a low teuperature .....yleld results so
similar to those obtailaned with the fresh jresa leafl
that evidently the constitueats of tae cells are
altered to only a slignt desree by dryizz".
(Gowever, as Link & Schulze pointed out later (182%)
(see below) this result may be due ratier o
compausated error, than to abseace of chanze.)

Chibnall (1822), on the other hand, coacluded
that drying had a pronouaced effect oa the
nitrogenous distribution in the cells, and that the
results of nany previous workers oa bthe amounts of
noa-protein I in plants, were seriously invalidated
by the uncertain msthods of drying to which their

naterial was subjected. He gives data in wiaich



TADLD IIT.

as Total Total IHH3 4spar. litric Tlwzin DBasic Licno Cther
of protein water N. amide “N. Ve e amino JEIN
al ] S0l.1 Te - i)

o

sh leaves 74.8 2l.6 0.& Q.5 2.7 0.29 2.0 7.7 27
ves dried 61.1 33.7 5.3 l.l 1.6 C.2 Zel 13.2 2.2
air curr-

at 40°

50hrs.
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the IT distribution in leaves of the ruazner bean
is estinated both for fresa and for dried leaves.
Que series 1s revroduced in Taivle III Chibngll
therelfore yrefers to express his razults in terns
of total fresa weighi
dry his waterial belore use. rhe nrocedure does
eliminate the wncercain error dze to chazze while
drying, but it wmeans thnat the fresh material nust

be worked up for extraction invediately after
harvesting. cuch a method was 2ot yracticable in
tae preseat iastance.

Link and schunlzs (1824) also comparsd the
quantitative distribution of ¥ compounds in fresh
and dried naterial. Sowe of thelr results, working
at different tewmperatures, are given in Tgble IV.
They concluded that, while drying at a aizh
teunverature (80O and 950) caused coazulation of
soluble ¥ constitueats in all tiszues, slow dryiag
at a low teamnerature (520 and 450) allowed
proteolytic decomposition to take place. At 65°
however, the only significant chanze was a dscrease
in the water soluble I, due To coagulation, and
tney'tner fore recouzead this temperature as tae

optimwm temperature tor drying. ey algso poiunt



10.
out that wiaen, as in cone cases, the avparent
change ia distribuviocn is szell, it is nevertheless
.guite nossible that proteclytic deconpogition has
been balanmced by coagulation of scluble compounds,

The met result Leiny ozly a slight alteration in

wresent research, the temyerature

recorriended by Linll and Zcaulz was adopted, viz.
"'OfY T - J--~ o= H 3 3 = - - e .

65 C. (The treatzeat with boiling water would

nrobably have lkilled any esnzy.oes nrassat, bub it
- o £ ¥l

was thouzht udv1“"bl° to take all tae nrecautions

possible for vreve:ting protsolysis). The
cedlin~s were dried for 4 hours at 650, then ground

to a fine powder ia & mill, and the meal spread out
in a thin layer on filter paner and dried in an
incubator at 65° for 48 aours. Durinz the drying
of the etiolated seedlings, a crystalline substance
appeared on the outside of the stens and seeds;
this substance, probably asparagine, was not
analysed separately, but was r»~"rou_;v1d un with the
rest of the seedlings aud the WlOlv analyzed. X0

gsuch crystalline compound appeared duvring toae

dryinz of the greean ssedlings.



11.

2ction of ced eal.

(&)
S~
k.
o
H
ity

In order to determine the anitrogen distribution
in the meal, 1t is essential tizat all the soluble

couastituents sihall be separated froa the insvluble

material., Two nethods have beca dzscribed for
extracting the soluble substances.

1}

jsborne and Takeman's wethod (1920) consists

essentially of grindingz the nlat macerial in a
P"eixtamil® 2ill, thean mixinz the puln so obtained
with water, aad returaing twice to tae mill. ihe
cellular ratter is remcved by ceatrifuging, then
the nroteln mabtter flocculated by addiitioan of
alcoiol.

Chibnall aad schryver's method (1821) dirffers

A

fron Lthe above rnethod in that the 1

¢t

SVEeSs are no

(O]

ground to powder but are minced, treated witi

ether water, and then pressed oubt taroush muslin
21ding a green colloidal liguid, from wiich the

protein is removed by wermingz and filteriang the

°22) ilmnroved unon tais

[
E'\

coajulur, Chibnall later (
method by grianding up tae niunced leaves ia a
mechanical nestle aad wmprtar, then filtering tarousn
lawi. The ether-water method was later discaried

as no advantage was derived frono it. Dy this



methed, Chibnall

I renained b

In tae pres

to use Osgborne's

ehind in the

e

1
found taat only 11w of the total

insoluble ressidus.

ent research, it was not possible
ethed az only a szall cextriruze

was available, and this would have entailed dealing
wita The plant material in successive s:aall

quantities, taus
80

-

The method zdonte

The dried ue

'-

into a wortar, zr

oCcce distilicd w

filtered tarou;n

(=]

internal nesn of

over a lar;e flut

rev1ouol s aed

tozetner witi tue

reszidue was subse

piece of musliin but from sae

in each

exyress from

-~
S

exds of the rmslin,

in the funnel by

The residus on

a wodification of

set of experiment

tre

the

increasing zZoerlisental error,

Canibnall's method was used.
d was as rollows:
al, about 6-7gzms. was wsighed out
ocund uwp carasfully, by hand, with
ater for about 195 iinuucs, then
fine wmuslin (12Y gg. having an

apouat O.017cn.) aad syread out
ed funnel. Che zuslin had been
: W a0 .
, dried at 105  aad wsigaed,
Petrie dish in walch tae insoluble
quently to be weigned. 4 Iresi
saae strip, was used
TSe Tne liguid was
suslin by jeatly twistiang the
the lower nart bein: held firm

means of a rudbber tipored glass rod.

moslin was transferrved to tae



cortar wita the aid of tae glass rod aaxd srouad
up azain with 30cc. water, for avboub o minutes, the
vrocess of grinding and filtering being reseated,
using 8 lots of water in all. sfver tue final
extraction, thne pestle aud mortar were rinsed out
with a few ccs. of distilled water, tae wasaings
filtered tarough the maslin, and toe residuwe pressed
as dry as possible, then transisrred to a welghed
i s . . . L o0
Petrie dish, aadl dried at 10O .

In the experizznts on tug origiznal »ea wmeal,a
, ) NN - : . .
teiperature of 110 was used for drying, but owing

to the difficulty of absorntion of moisture before

weighing, it was eveantually decided to dry toae

o

o

r press for the

ct
o

material at 1057.  (Use of a ril

la

[ 0]

t svaze of pressing out the residue nad been tried,
but it was fouad that a great deal ol cellular
natter was expressed in this way, so its use was
discontinued.)

In the earlier exzveriuents oa ths original
nea ueai, parallel extractions ware tried, in one
case using 6 lots of water, aad in the otiher, only

\ : of a o A o
L lots. In the latter case, 1ll.57% of ths total ©

=

of the meal remained in the iascluble fractioa,



while in the former, only 10.45 was left.  4s it
was desirable to extraclt as wmuch of the nitrogencus
material as possible from the insoluble residue,
(since the chexical character of the latioer was not
definitely L“Lwl) tne procegs involving & watex
extractions was-adopted. s1thouza in these
vrelininary experiisnts oniy 10.5,: of the totallﬁ
waz left in the insoluble fraction, it was found that
atter the seedlings had beexn alted for sseveral day
in alcohol, a larger proportion of the total ¥
remained in the ingoluble part, aiter the same
extraction treatument. Unrortuvanately, no
determination of the & distributioan was wade on.tné
orizinal seeds aiter having'been soalzed in alcohol.
vinece the wnea coantaing the proteins lezuuin
and vicilin wﬁioh are insoluble in water but soluble
in solutions of godiuum chloride, it was taougnt that
extraction with 10: salt solution might rexove nore
or the nitrosenous mucerial from the insoluble
matter, than did the water extract nethod. SUCCa

4 .

100 Wall were taerefore added to the dried =eal, the

pizture ground up and allcwed to stand for & hours

in order to dissolve the lejwnin and vicilin. .Ifter
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taisg, it was filtered tarough wmuslin and

estraction repeated (withnoubt further standinzg) as

ct

berore. It wag fouad, however, that this treatnen
alluvwed 14.5,> of the total nitrogen to rewain bahiad
in tae insoluble fraction so that even less of the

goluble waterial had bee:r removed by tais trzatuent.
urtaer, the awino 7 ghewed a decided increase,

(from 2.2;5 = 3.7, total nitrogen) suggesting that

the prelonzed standing aecessary for salt extractions
caused gome autolysis to talke place. Come of the
data rﬁlﬂola~ to this extraction are given in Table V.
In addiﬁion, the subseqguent coagulation of water
soluble nrotein by heat, was rendered mcre dilfficult
in the »nresence of sodiuva chloride aand filtration of
the cbagulated protein proved wmore laborious than
usuale. . This wetinod was taerefors abandoned, ia

favour of the wabter extraction process.

7) Iasoluble Hesidue.

After being dried in au electric oven at 105
for 48 hours, the residue, together with the waslin
and the Petrie dish, was trausrerred to a dessicator,
and welg shed after 40 minutes. It was found
imposasible to obtain a constant weizht unless it was

cooled always for the sawme lengtia of tame. ‘fhen
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()

Lo

tie weight of the residue had thus besa found,

)

latter was reaoved as cormplately as nossible

ct
-

from the wmuslin, _rovad un finely in a mortar,
read out in a thin layer or filter waper and dried
* 4 '\r-D 3 ! I, : * o
azaln at 1Ud o+ for at least 24 hours, to drive off
any wolsture that wight have been acguired during

srinding. fae powder was Transisrred to & welzaing
bottle, cooled in a dessicator for % hour, then

welszhed. About JU.3zm. of the powder was ilntroduced

(1“

into the Kjeldahl flask, the welgalnz bottle

reweighed a 1o tlmately, then rahcated for i hour at

3
105°. cooled for i hour azd re welshed. The powder

was analyszied for tutal 7, about 3 deterwinatiouns
usually being n=de.
ith re_ard to the zature of the insoluble

yeeln. asszuned that no noua-uvrote

H
¢}
0
'_l
o
=
Q)
.
.—‘
[
o
o)
U
feny
l._!
.
- 4
.
2

rozains in the insoluble fractioa, bub that all the
Il in the latter is of protein origin; this seexs
yrobable, ia view of tue rather thorouzh wvetnod of
extraction, but its justirfiability is by no reaus
proved. It ig a useful asswiption, however, since
by imcluding the “"insuluble LI rraction wita tae

other two protein rfractioans, i thg valuie Tor"dotal



protein I" a more representative valus is thereby

obtained,
8) Coasulation and Piltration of Frotein. Lhe
next step was to reove fromx solubtion any water

soluble oxr othaer proteins waich had Leen extracted
from the insoluble residus. Lefore thals was
atteupted, Usborae's work on thz protesins yresent
in tue vza seed wes consulted in orxder to find oust
the propertvies v such nrutelns as were likely to
OCCUT .
Lcecording to uviborze (1895, 1896, 1807, 1908)

the proteins in the pea are:

(1) Legurelin, an albuaen, coaguléble by heat,

(ii) Vieslin, a glcbulin, insolnble in wase

2
~

(iii) Legumin, a globulin, soluble in water

coxtalining a trace of acid, anot cowpletely
coasulated by 2eat, nor by prolouged bolling
It is partially sovluble in agucous exiracts,
owing to the matural acidity, of tas yea
plant, although it is insoluble ia pure
vater. sccordins to Oshornz (1898) tae
only reg_ents wilch bring aboul comvlete

Ny -4 - - T T cooy erT e + =40
vrecipitation are Ua,il, (satvration at 5% )

Se

o

and arrconiwm sulphat
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ooolated Crotein.

Jrdinary Trilter paper

Jundun crucible fn 7850
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0y 84

fjena slasd crucible.

ocecil cruclihle

woxalet excractor thimble.

latran filter paper.
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Lesults wivh presasat

Clogz, ei almost
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W
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Too cearces; roteia caze
LT (RN 1,

Ve Satlisiacitorye. Protein
ea3ily wazued with
boiling water. Clear
filtrave. Zud could not
T20VEe PIT Oueia witoout
traces ol crucitle s

well.

o0 coarse. JSiltrate
cloudy.

Clogzed at oxnce.

snapid at rirst. Clear
filsrete. CTlogzed arter
a tiuse. f
Jery slow in filtering.
Canneot séparate protein |
froa asbhestos. |

Hzpid filtracion. Zasily |
waosasdl. iltrate not |
clear. Difficult to ‘
separtte sall guabity
ol nrecipitate fron :
tnimbla.

Fltered very slovly,

but with sliznt pressure,
gxadaallJ 0ot all lliuld '
t;lI'OLléi’l. cle filtrate.



Wing To tie presence of leguwin, it was

taerefore to be expected that, in order to
precipitate all the water uoltble srotein from the
extract, somz method other than, (or in addition

to, ) coagulation by heat, would be assded. Sefore
this could be guantitatively iavestigated however,

it wag necessary to find some satisfactory wethod

Tor riltering the precipitated protein. sccordingly,
the exlract from tae original sszed feal was heated
sradually to the boiling point and the filtration of

the coagulun atiexpted various wetiods, as

-
@
H
[]

tabulated in Lab

the cuagulated protein was

L

Tne filtration ox

aterel ia tais
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tue most su
niece of research. The wethod used b, sure and

!ot*1“:1a4 during ai investizatioa of I commounds in

nea seadlings of filtration tarouzin an crdinary
filter waner, had to be abaundoaed, as the filter

paver bacame clogzed svon aiter the beginsiug ol the
filtration. The wmethod adopbed by Caibnall, of
filtration throuzh a Soxhlet ewxtractor taimbdle,
which orovides a very thorou a mebhod of wasaing toe
hrosein, was nobt pussible here, as tae protein caile

ooy

nrow-h the pores of the thaiwble. Class crucibles,



used by Rebingox (152%) and wciie (1830) also were

found wapuvitable. sbunduw crucibles. wroved the

103t satisfactery, but it was found that in removins
| O

the filtered nrotein Tron the crucivle soms sowder

froz the walls texnded to b2 scran

protein, sc Gails metinod alzo aad to be given up.
Use of a ceutrifuse was tried. “he ceatrirfuze

available, was, howsver, a sr1all onz, with tubes
about l.Scw. in diamster, and ll0ccm.lcong waich was

worlied by hand, maling avout 1,400r.n.m.

‘his process was, of ascessity, very laboricus

o8]

and was uwvasatislact

(@]

ry since such a long time had
to elanse between coazuzlation and having the extract

in a opoered bhottle rvadv for use. sfurther, at

i‘

the rate of rotatien »ossible by hand, it was not
nossible to secure very thorouzh settling of tae
orotein. roreover, after the protein had been dried
(in the ceatrifuge tubes) it had to be either rewmoved
fro: them ror Weighinééwhich was impessible oa a

quantitative scale, or else all the ceantrifugse tubes

had to be weighed witi thelr conteats, a cumbersome

0]

process, which was not likely to give accurate result
Th2 use of a ceubrifusze was therercre discontinued.

The method finally adopted was filtration



TADLS VII.
Llethod of Yitrat- Cm lidleflt residual K 7 reroved
precipit- ion. in Sulcce. as 5o total as o
abtion. H total
(Pot.7.801lo0=21.6)
1. 2.5 CCl.C00H 27.3cc. 0.06%:1. 13.4 11.2
(1Ccec 4
2. Saturatved w, R7.9%cc. 0.C6Ccm. 13.4 11.2
1\.{)})0} au/lG )
3. SnatLlI'JQed We 27025000 Oo 14:7 L:ie 2806 —
ZESOé
‘;"“:o l(]\’ ”E" 5 d.I‘DQS a?-GCC- ()c].(:)I RUOO /—1‘03
/10 He
5. 109 TaCl + & 27.5cce. 0.110.m. 2.4 2.2

arous n,lU
T JCe

saturated w.o
Ha ap30, at 39
arcer addin“

a2 Cl to 1C

vaturaced w.

x.‘a_ao\)é}: at 3o

alfter adding

JuaCl to lOF &

nsutralising
pd 7.

o

28.,0cc.

20.1lcce.

Q3311

}_L
oy
th>

11.2

6.8
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11.

&7.7CC.

y—~|

aguO
Ldul bD lUU

& neubtral to
litows (pH 7)

]

saburaced . 28.C5¢cc.
ﬁagia' at 33
after " bringing

to PHL.D &

adding [aCl

to 1C,»

saturated we 27.55¢cc.
lagi0, at 330

=

aiter UIlA ll'

to »il 4.9 (ao

7agl)
Repeated 10 &8.0cC.
stauding 5 hrs.
Hepeated IX 25.R25CC

: "
Standinz o hrs

,,,,,,,,

0\17"0

7.01



2C.
through a toughened Pilter paper (Tnatian Ko.50 1lca)
1

oa a Huchaer funcel, under slizht preusure. (The

<3S - . - v ] . - O . 1 .
filter paper was waghed, dried at 1C5~ and weizhed in

o
g
@
ct
H
'..J.
[0)
of
e
('»

s1 before use). The filtraticn was in

all cases slcw, sounebimes extexnding over 12 hours,

N
ct
5
0]
i
'..‘J.
[
()
L]
(@]

3
=

ilsration varied considerably fronm one
extract to awnother) but the filtrate was usually
clear. Tnis method wasg, oan the waole, wore
satislactory and reliable tinan any other metiod
tried. On one or two occasions, the filter paner
clogsed so badly tast the rest of the solution was
filtered through another, similar, wesignsed filter
naper, wille the protein oa tae original filter

pujner was wasihed thorouwshly with hot water, aund the
wésnings filtered tarouzn the second filter naver.

9) Precivitation of PFrotein from squsous filtrate.

It was next necessar, to study the various
rnethods of precinitating protein from solution in
crder to see which ons removed the maxinunm azount
of protein from this extract.

fesults are shown in Table V1.
Precipitation of nrotein by 2.5 triciloracetic
acid was tried, since this reaent nad besn used

with success very receuntly by isclulla (1¢34) for



21,

rewoving pretein frowm exvracts of pea and wieat

seedlings. Tnig azain was not eatirely
satislactory as oaly 1l aitrogen was rewoved by
this treatwent, owut of a possible 205,  wsaturation

with 1z 50, and with Yas0, at 33° were found to

remove about the samz amouwnt of orotein as the

.1_

reavment wita trichloracetic acid, while zaturation

A

with 4030, removed ratier less. Zizmilarly, addition
of solid sodiws caloride to a concentrabion of 1057,

followed .y a few drops of 401, or Hi.c was also less

satisfacvory than the forzer rea;eats. Tousver,
N . - Py T e ey o~y ot S S 4 L ey S e e Ty r«f]_o
accordiny tou Ugborae, saturation with all. at 34

in the presencec of 10» TaCl , throws out all tae
legunin e e,t a tracg; thuis Lestlod was c.srefore
found to remove more protsin than any
nethod yet tested. furtaer, if the nI were adjusted
cithar to 4.5 or to 7, a still lower i coabeut i

the filtrate wais obtained. 41lowing the wixture

to stand Lfor 3 nours afiter saturation with Iapson in

the pressnce of Jall did not sesa to affect tae
auount of protein precinitated. The above methoed
involving the use of sodiuw sulphate, was therefore

adopted, for precipitating nrotein.
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Comzrigon of tesults of Vao slylke Aridno Titrozen
Dztermination berore a.d srter reomovin: mroséein.
pgr F=  Tb.of I Tais wb. Amino § 5 of
Vol. Temn,. Preg. lcce.as 1n 250cc. arfter as dry Total
oL exftract cerrecting  wt. nitrezen
0e ior blanl,

o) ‘ )
anlk .11 19 7T50mm. #5623 0.C521

o . - -

) o e — = - > Y e 4 - [T Y Ac]

cC. U.93 16.5 758rm. JO737 044462z, C.03745m. 0.41850 1C.45
oy |—O [ AT =iy - [P L4 =) rde 7 !
CCo. 0.800017.0 70011""‘0 .D?O'\) Ooélgagmo Q.'\/\L)SC;):-I. 006:72,‘3 008,3

thod II.

cc. C.56ccls® 753mm. 5747 J04902m.  J039875m.  Ce424r 10.580
- O - —_ - ~ . -

CCa C.5&¢cclt TESile «O7TET  «ULSZor, SUEL
O - - R B
CCo Q.50cels Todrmim,., «S747 049521, euald i, CO4Z1 11.0.0
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The presence of so zmch sodiuwa sulphate iz th

@]

M o fa S PR :
filtrate, (l0cc. saturated at 33  coatains about
bgm. anhydrous Ea;Lﬂﬂ) cauced serious bumpning

during tae subse 2t Kjeldanl distillations, and

its nressnce was iaconvenieat also for the Van

s1yiie deterzination of azino acid. lIowzver, sowme

C

.

data were available, winicih indicated taat the
nregeszce of protein in ths awine acld solution, did

zzine I oas round by che

(0]
d.
o
®
<
)
}..J
o
D
(®]
'_ v
N
I
()

ai(m

"
@]
c

H

Suring earlier exgerinents on

without reuoval of wprotein, Table VIID it was found
horever, that thils »rotein was coagnlated during the
treaticent iu the reaction vessel, and was difvicult

0 Teonove airtervards. licec. oi the exoract

e

therefvre taken, treated with Slcc. alcohel, shaiken

for o ninutes then allowed to stand Lor 36 acurs.
Phe precipitated protein was coagulaved by warmlag
3 e That] = 1y O v Teact et it l"" Ao 'L

in a wabtsr bath at 14007, aud was toel riliersd
throwzll an crucible. The filtrate was evevcratved

) .0, . e
vnder redumced wressure (about 5O C) to a bulk of



10cc. then wazhed out into a burstte and made

up to a known voluns. | Scc. of thilis was vsed

for Van 3lyke detersinatiocsns of aciro 7 (method
IT, Table V11Y. Yrom the last colwiri, it is
seen that the azino I estiuamted has not decrsazzd

in {(the

aiver reuwoval of a larze yart of tas prot

[¢¥;

T

that the awino I estimated after removal of

(o'

rac
protein was rather hijher than belfore filtratvion,

is probably due to tihe inhibiting edfect of the
cougzulation in the reaction vessel, or the thorousghness

of the shaling up of thus sclution). It was

herefore concluded that estimation cf awmino I by

ct

the Vaan Slyke method in ths pressice of a suall
quantity of protein azd ~rotevse « would be
ger:issible since the preseunce of protein did zot
seern to ralse the anine & value.

The determination of water soluble I was
tierefore carried out onvthe filtrate af
filtering off ceagulatel protein, tae rfurther
wrecipitation with sodiwam sulphate belng carried
out oan a small portion oi the filtrate only.

Pae pid of tae extract was adjusted to about

4.5 by addition of a few drops of acetic acid.



&t
(neatralisatioﬁ to »iI 7 was not used as it was
thousht that loss of ammonia wight occur durinz tae
boiling of the neutral solution). e extract was
then heated gexutly touv boiling, allowed to boil for
oune hour, iiltered hot, as already deéoriaed, the
precipitate wazhed many tines with hot Wéter, then

transferred with a Tilter paner to a weighed'disn,

. . 420 N o - .
and dried at 103~ tTo coanstant weight. The protein

was then seharated as cowpletely as »ossible fron
tie Tilter paver, (care beln: taken to sez that no

shreds of filter paoer adiered to the p»rotein)

et

c the

Sround to a riane vowder in a mortar, relturned

- 3 2 1IN ] '\L‘D
oven, dried at 1vd

for 48 hours, then analysed for
total 7 as described for the insoluble residue.

(10) ‘’'ater soluble Hitrojen.

The filtrate, with tae washings, was srazsierred
to a graduztced rlask, 2cc. pherol sulution adled as

a preservative, and ths solution made upy to tle uwark

with distilled waver. 4 layer of toluene was added
to prevent cowntact with tue air. In every case

this wrocedure was followed by anaelysis, without
delay. a2 anmalysis of I disctribution was usually
compleced in avout 6 days after extractlon.

This aguesous extract (1) was taen azalysad for



total nitrogen; Rice. portioans, to wilch a rev cc.

Oof councentrated sulplivric acid nad baen adied, were
evanoraced tu a voluce of about Zcc. then iuncizsrated
as usual.

I one cags, namely the exlract Ifrooa th2 origianal

sead weal, (I2) sowe porticl cane out of shc solution,

L houraz. e ascwnt of Sals

aitsr sdaunding for &
protein was determined by taling 4lcc. 0f ths well

T

gilagken extract Cilteriagz Taroush a geoa glass crucible,
and ualing up toe regidue to Stcc. and deterzining
total nitregen im tials filorate, which was then used

thiz various

o
;::
©
i
w
H

e

for gudseouent desterminations o

-

soluble nivregen rractions, the protein remeved in

this way belny estimated by differeuncs But 1: no
subseqguent case did sufificient nrotein anvear oz
standing as to male a gecoal riltration necessary.

SEcc. mortioas of extract (L) wers treated with
I'aCl to a conceubration of 1Cv, then saturated with
aahydrous sodium sulphate at 33°. in au incubator,
the mixture filtered arter staunding for some tiume,
the precipiﬁate wasned taree times with small
quantities of saturated sodium sulphate solution, and
the total I in the Tfiltrate determiued. Thus she L

euoved by sodiws suwlphats precivitate was feouand



difference. wiance saturation with thiz reza—-ent also

.

vreciysitates proteose, (lastsnzys axd Jorsoolk, 1517)

o o

it was impossible Lo separate proteoss 0 from tas

proteln f rsuaining ia solution aiter coajulation.

In tabulating thes receults, tiersfore, sroteuvse I

2ad been included with nrotsin . Dhe Iraciion
PeoTELY

headed "botal “” in the tables of altrogen

Aigtribution, is vasreiore coompesed of izmsoluble

nitrogeua, coziulabls proitsin, aand alvrogen of

subotances precipitated by saturatioa with sodiuu
o e B l‘?.’vo
suloaate at 383 .
the filtrate wag furcer zaaljysced for a-uwoals
arino I, amino acii I azd nitrate, by the :zethods
50 he digcussed 1u Tde nexe secllol. T o3t casse

stineted ia all thess

b-

12 guwe 0oL the altrogen es
seuarate fractions, did noc account for ths wiole

;2a nresaat, as calculated from ths

weizht orf meal teken, ard tas nesrcsutase or altroge:

in this meal. In tabulating the full data,
therefors, any deficisncy between the sum of Tue

soluble nitroseunous coastitusnts, and tins wotal

IS S

soluble nitrogea estiumated in sxsract &, has bee:

.

added in, as Yocher soluble altrojeat. 1t zay be

-



Q

rapresent somall guantities of suvstances such as
urea, purine Lasews, ete., walclh were not estinated.
Ca tiz vvoer haad iv must ianclude che zaa of tihe
errcrs on all oi the decterminations of soluble
nitrogeaocus constituaents.

A0y variaticn of the su of izsocluble nitrogex

O

coasulable nitrooen aznd total waster soluble
<O <Q

. b

en, from tae total aitrogen valus, ialicatss

0

nitrog

the magaituds of the experivental error on tiaat s2t.
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l. Total Nitroen

Totael nitrogcn was estimated by the Kjeldehl-
Gunaning wetinod in wanlch aay nitrcigen present is
ccenverted into ammoniui suplhate by incineration with
conceantrated sulphuric scid, in tne presence of
copper sulphate as catalyst. Quantities of the dried
meal, weighing about 0.2 gm, (or 25cc. of the extract.)
were incinsrated with 10cc. concentrated sulphuric acia,

to which about 2gms. of the incineration mixture,

ke

recomzended by Lcbiason (1929) (1Ogms. KoB80,: lgnm.

CUSO%:

0.755m. I5804) tad been added. A clear green
fluid was usually obtained after 20 minutes, and boiling
was continued *for another 5 minutes. The liquid

was cooled, diluted with 20cc. water ggd 20cc.
alcohol. After cooling again, the flask and
contents Weré set up in the spparatus showa in
diagram 1, and 50cc. of 40% caustic soda run in
slowly frowm the tap funnel, with aeration, followed
by 5cc. of 25% sodium sulphide to decompose mercury
ammonium compounds. The temperature of the liguid
weas raised to boiling, while aeration was continued
thaen S5cc. 2N copper sulphate was added and the

anmonia which distilled over was colliected in
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sndardization of Kjeldghl's sethod Total U in (Theorstical % N =
Glycine. 18.€68).
NWaCh = 0.7716 10 Acid = 1.237 N. Blenk expt. 50cc. acld =

E2.lcc, lalHd

wt.0f glycine Titration ccllalE Gm.K %K in % yield
taken used 1y cine

up

» 0.20107u. 23.8cc. '33.3cc. C.0332 17.9 g6
0.2555¢gm. 23.5CCc. 38B.6cCe 0417 17.7 94.8
C.2156gm. 27.2cc. 34.9cc. 6.0377 17.5 03.2

vean 94 .7%

Yield from Ejeldahl method : 94.7%




N
10 acid in an Brlenmeyer flask, the end of the

delivery tube being detacheble go that it could be
removed and washed -out. The distillation was
continued for 20 Qinutes, then the residue was
-
titrated against iO NaOd, to methyl red as indicatore.
A contrel expesriment, omitiing the meal, was
carried out for eaci new lot of caustic soda used.
cince this technigue does not estimate nitrate N,
the modified wethod described by Lloore (1920) in

which nitrate I 13 converted into a nitro derivative

|

by heating with salicyl sulphonic acid, and tihis
rgduced with sodium thiosulphate, before incinerzting
as usuzl, was adopted for analysis of the mea2l and
agusous extracts frow lots V11,V11l,Vv1ll in which
nitrate had besn found to be present.

The results for the standardizatiocn of this
method are reproduced iﬁ Table 1X. It is sec<n that
the average yield is 94.7%.

The methods of estimating the total N present
in the insoluble and coagulable protein factors, and
in the agueous extract (4), have already been dealt
with. (cf 11/7-10).

2. Free Anusonia.

t
I'ree amuonla was estimated eventually by Folins
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TABLE X.
Labbo He

7

% N as Amuonia vielded by various methods.

Solution of ammioniwia chloride made up.

Conditicns.

Aerated for 1 hr. (Folin)
" " lfhrs.(Folin)

" " 1 hr, with slow
geraticn gt first

Aerated for 1 hour followed
by 1 hour rupid aeraticn.

Aerated 2 hours (rapid)
ft 4 hours "

In 3tanford apparatus at
459 znd 27mm. pressure, as
d

[
st
gscribede.

Contained 0.096gm.
AmCl in 100cc. golution standardjized by titrating against
standard AglO. TFound to be 1.76 +.,. 9cc. sclution
tuken for each estimaticn. 25¢cc. g¢cig = 23.9cc.laCi.

Titrsticn. cc.used ud. % yield
17 .4cc. 6.5¢cC. 73%
16-5000 70400. 83.6%

2.7cc. 4d.2CC. 47 W40
20.200. 3.700. 09.7%
150906. 800- 9008%
15.9cc. 8cc. 90.855
15.88cc. g.C8cc. 9195




SG
aeration method, thoush several other methods were
previously tried. - The apyaratus ugsed for the Folin
geration method 1s shown in dizgram 1l. The alkalil
used was sodiwa carbonate, which was added from a
large tap funnel D, instezd of adding.the anhydrous
salt, in order to eliminate wny errcr due to loss
of cimucnia curing exgcsure to air. Various
mocifications were tried in crder to improve the
yield of awmionia. The results ars ghown in Table X.

Since the saruwionia present in tihe plant extreacts was,

L

at all stages of the investigation, very small, it
was considered that a yield of 91% invclved an error
wiiich, being gener.lly less than 0.4% of totzl N,
could be neglected as witiin the experimentzl ersor
oi tie total determination.

Data showing amuonia and amide content 2t
various stages are given in Table ZX.

An attenmpt was made to icpreve tre yield by
using Stanfords apraratus, involving distilliation
in & vecuum at <09, (as used by Stuniord, 1521, =ad
sec 2lgo Chibnall (1922). The water prez.ure

avalliable 1ia licmpsteza however, w.s toc low to give

)

n efficient vacuuwu, the lowest pressure that was

att.inable being 27ma. (even with @ Geryk puup, this



31.
this was the lowest pressure recorded.) Following
st;nforés technique the flesk conteining the
enmionical solution was submerged in a water bath

=0

kept at a tenperature of 457; alter evacuation to

carztus was closed, ssturated sodium

i

27mm. the &

™

carbonsate solﬁtion was rua 1in gradually and the
distillation allowed tc procezd for 10 minutes in the
closed agparatus, with no posgibility of any loss of
‘erconia. This was followed by aeratica for & hour,
still under reduced pregssure. The maximunm yield
obtained, however, was still only 91%.  This wnetkod
vas therefore zbundcned in favour of the more
practicabls Foli: method.

5. Amide Nitrozen.

Ariide W was estimated by Sachss's method (1873)
with the modii'ication suggested by Vickery end rucher
(1931), viz hydrolysis of the amide by boiling for
¢ hours with 2K sulphuric acid, instead of 4% hydro-

ciiloric, in order to wminimize tie error due to
reduction of nitrates present, to amionia, by unknown
substances in the »plant. ‘he cr..onia forued on
hydrolysis was estimated by r¥olin's wethod, as
described under free éumonia.

Standardization of the method using, pure

» st

recrystallized asparsgine, siacwed a yleld of 94%,



TABLE XI

‘Porezntaze Amide W of Asparacin Estimated by Sachsse's liethod.

L e

%

Yormality cc.hydro- cc.acid GC..1a0d Titra-_cc.laCl Kormul- wYield
Y lysed zoln. tzken. = 2.CcC. tica. used ity

) token. «Cid. up. (eciinm.ted)

1. 1012 1Ccc. 7occ. 57.0cc. 102.lcc. 8.9cc. 1.C1 #20.5
2. 1.12 1Ccc. 25CC. 37.Ccc. 27.7cc. S.3cc. 1.C6 94.6)
» | )

Duriqas thic experinent, tle stopuer czie out of vessel B, and
repdined unnoticed for sowe tine. There was therefore soue
loss of amcionia,



TABLE XII.

ESTIMATION OF AIMINO KITHOGLN BY SORIWSCN'S MTTECD.

jomino Acid  Wt.in Titration Normality of sclution % Yield Normality

x -+ 10Ccec. (23cc.glye l.celoul “eTound of Ha0d
erine gol.)-ated used.

lycine 1. 0.731Cgm 30,75 0.973 0.94¢ 97.5 %716 /10

2. 0.4360gm (1) 18.38cc. !

| (11)18.3cc. 0.581 C.565 97.2 "
} 5. 0.7510gm (1) %0.3cc. 1.001 0.935 93.5 "
l (11)30.3cc.
{ 4. 0,7762gm. (1) Sl.6cCe 93.9 o
(11)31.4cc. 1.035 0.972
lanine 5. C.5561gm. (1) 15.4cc. 0.625 0.4775 76.20 .7802 H/1C:
(11)15.2¢cc.
6. 0.510zm (1) 1s.8cc.  0.5786 0.5243 90.6 "
7. 0.65605m (1) 21l.6cc.  0.739 0.673 90.4 "

&%ine 8¢ 0.6:96gm (1) 41.7CC. o . sstimited wt. of tyrosine =

0.631L3gm = 100%"
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u3 shown in Table XI. Two geparate solutions of
.9

$§baragin6 were wmade up and poritions of each were

~

[ &

estimate

Lr

separately in the folin apjaratus, after
hydrolysis fcx 6 hrs.

4. Lmino icid Iitrogen

Varicis wetihcds were tried for the estimation
ci amino &acid nitro_en. flecently Richardson (1928)

has corried out a thorouzh, quantitative investigaticn

u!

o1 tie wethods available for the deterwinaticn of

of wmino Witrcsyen in plont ex.rscts, frow whica ﬁe
conciudes that tioe formelin method of Sorenson is
tie uiost sztisfectory. This nethod was tried cn
stonderd amino acid solutions, but as will be seen
from Table XII the results were varizble. A
solution of the awino &cid was rnzde up, apsroximateliy -
/10 =nd 2%cc. of the solution wixed with 30cc. of
nsutrelized formaldehyde. Thig mixture was then
titrated sgeinst II/10 caustic soda, with ophenol
phtizilein as indicator. 7 en dealing with the
turbid plant extract, < control mas set uwp by wixing
the same voluwe of water with vowdered talc to the
saile degree of turbidity as that of the extract.

A few drops of methyl orange were also cdded to

reporoduce the colour of the extract, and then adding



CCHPARISON CF HISULTS OFf AMIWO W ESTIMATICH BY 2 DIFcLIUINT

TR T v e T
wein iUl Uly

SAlos PLALT DATHACT.

orerans Titration Contrcl Iiequired by swino Amino W as Amino N as
pethiod. acid % dry wt. v total .

1. 2.35cc. 0.45cc. l.Scc. 0.55% 13.7%
2. 2.3¢cc. 0.45cc. 1.85cc. 0.535% 13.4%
1 Vol.of Temp.Pl;es. Gm I in 235Ccc.
vkes Sase ract
$hod e (corrected)
l. 0.38cc. 16°  753um 0.0414 0.441% 11,0%
2.  0.52cc.  16° 75Zums  0.0414 0.441% 11.0%
5.  0.56cc. 16 753ma 0.0398 0,424 10. 6%
ok O.llcc. 19°  7s55ma




the game nuwber of drops of phenol phthalein. The
end point was, however, indefinite,althoush thes
wetinod itself was rapid to use, so a wodified nethod
was next tried; ‘
Forerans wmethod (1920),(838 slzo Jodidi, 1918,
and 1826, aund Herris 1924 fcr discussicn of this
method) in which titration of the carboxyl groups
orf the amino acid is earried out in the pressace of
3% elcohol, was found tc give a better end point,
and noere concistent rescults were obtained. Howéver,
the results obtained by this method in cne extract
were compared with tiae results Jiven by the Van
Styke nethod on ths S extract, and were found to
be come 224 higher than the latter, as is seen from
Table XIIT. D.ki.nichardson has shown that the
alcolzol ricthod appelied to
results Tor zwino N higher than those obtzined by
s Vean S%yke rnethed (b; about 18% in his experiments)
and he demeonstrated that nagnesiuvm was pressnt in
just sufficicnt cuantity in the extract toaccount
for the difference, some of the slkali adied being
used up in precipitating the insoluble magnesium
hydroxide. However to nake an allowance Ior

the magnesium factor in this determination would

heve involved tedious guantivative magnesiun



TABLL XIV

Estimation of Amino Grouvs in Alanine (Van Slvke)

.:'Llclnine I‘I 'V;"‘:te = 89 BI = 15.7

.ll’z‘lrto (i)-—-: i
(1i)= 10.1488, 1

C.0986:m. Thiz was discelved in 1CCcc. « Ecc. taken.
7 M ogm.u Utesmino o Wtl.Alawine . %
vol. Tempe. Pres. = lcc.gas in 1lCcc. in 18Ccc. yield
o I,
jlenk  O.llcc. 1¢ 7S5 . 0.5882 0.00125gu.
{ 0 .
bolm.l.l.38cc. 13.5 760G 0.5887 C.01&3zm 0.9281 9475
¢ ,

£.1.35¢cc. 15 760 0.3830 C.01lo5gn 0.2076 22%




estimations sc 1t was decided tc discard this method
and to try the Van Slyke method.

The manipulation of the Van Slyke apbaratus,
once it has becn set up is rapid, and the results
accurate, (see Van Slyke 1911,1912 cnd 1913, also
Mitchell and DRbstein 1918 :tnd Wilson,1923). Cazryl
alcohel was used to minimize foaming elthough even
with this precaution a certain awmownt of foaming
occurred. The standardizaticn cor the method, using
alanine is Bhown in Table XIV, but «s Van Slyke has
demonstrated, the accuracy of the wethod varies with
the gpecific nature of the zmino acid used.

Since the plant extracts contained amide nitrogen
as well as =mino acid nitrogen, it was necessary to

test the former in the Van Slyke apparatue to see

0

viaether, wader the coanditicns of reaction, the swmide
nitrogen reacted wita nitrous acid.(see Ven Slyke 1911)
1t was also tuouzght advisable to test quantitative
nixtures of ewmide _nd amino acid in the Van 3lyke
apparatus, tc ensure that the presence oi amide in

the reaction mixture did not affect the awount of
nitrosen evolved by ths amino acid. IResults are

saown in Table XV.

From Table XV. it is seen that, in the ITirst



TABLE XV

To snow the Effect of the Pressnce of Anmide in the Amino
Acid soluticn for Ven Slyke Analysis.

Jimide only. Acetamide was used. 0.180zm.dissoved in 10Ccc. (T.wte B9).

.t % M= 23.7v% Amide I

in 10Ccc. = 0.0427gmn.

icC.soltition taken for every estimation. 300 red.u.

Time Tenn. Pres. Vol.of lgm.N Gun.u Gr.n after ¢ awmide N
I, gas. =lcc. in correcting gstimatec
100cc. for balnk.
cc.vwiater
lank 1.5wmin. 17° 746 0.31cc.C.5605 0.G038
< loin. 16° 746  0.35cCc.0.5690 0.0072
3d51in. 16° 746  C.43cc.0.5620 0.0081
o i3
blut.1  Buin. 18 746  0.72¢c.0.5540 0.C060 0.002 0.4%
Ce 1lOwmin. 17° L6 0.40cc.0.5665 0.0C75 0.0003 0.7
3. 15win. 17.5° 746 0.47cc.0.5653 0.0C88 0.0007 1.6%
JApino Acid
i1y, 1. ouin., 13° 746  1l.41lcc.C.5720 0.0269 0.0211
2. 1Cmin. 15.5° 746  1.4050¢c0.5705 0.0276 0.0204

hazide

Lid Loln.
1l. Jmin.
2. 1Omin.
S5 1Bmin.
e Smin.
e 1O0win.
6e lomine.

& Amino(Soln.contd. equ.vols.of aiiino zcid

B & double strengtih winide soln.

(o)
10
158
13

14.5

0

753

753

753
746
746

746

0.21 0.5720
1.02 0.5637
1.08 0.5892
0.77 0.3720
0.85 C.5720
0.90 C.8732

0.0174
c.01¢°1
0.C208
0.0147
0.Cls62
0.0174

rowiad Calcu- Dpiffer-

lated

0.0115
0.0119
0.0124
0.0CC

0.0090
0.0093

SLCE.

0.01Cc6+.0C0%
0.0108= 0011
0.0111+0.CC15
0.0106-0.0017
0.C0102-0.0018
0.0111-0,0018
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place auidés do not react appreciably with nitrous=
acid under the conditicns of the determination, and
tae awount of nitrogen evolved from aay{émide present
in the extract, (since it was never pregent to a
greater extent than 13% of the'total nitrogen),
would therefore be negligable.

In the second place, from Table XV.C it will be
seen that a mixture of smino zcid and arniide does not
yield a volume of nitrogen ez rseing quantitétive;y
with that calculated. Lowever two sets of determinatio
were made with the mixture one at a tewmperature of
about 159, and tae other at about 18° and in the
forner case the resﬁlts were lower, in the second
higher, than the calculated awounts, so that it
secmed likely tlhat the difiference is cdue to the fact
tzat &although temperature is bro@ght into account
in relaticn to the volume of the gas evolved there is
still another factor influenced by tsmperature viz.
rate of reaction. oince the blank determination veas
made at a higher temperature than the second determin-
ation with the nixture, it nigot be expected that
the calculated value (involving the blaank determination
at 170,) might be higher than the observed volune
from the mixture at 15°. Conversely, it wmizht also

be expected that obwerved voluwe Trow the nixture at
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[$X]
[a))
.

o) . .
18 wouwla be soemwhat higher thun a calculated
voluwze involving & determination of nitrogen from
: s 4 o1 70
amino acia at 15 .
The conclusion drawn Iror thig piece of wozrk

waz that in cerryinz out amino nitrogen deterwminations

t is edvisable to make ths blank determingtion at

[N

b

the same temperature as t

o)
o

ezt at wiich the nsain set
of experimeints is to be performed.

Lo correction was made for tiec free smuonia
Present, wien calculating the amino content, since

the former was at all tiwes, wlrmost nezligable.

o

o Nitrate Jitrogen.

Titrate nitrogen was tested guelitztively by

the dipkenyleuine test and by thne brucine test, but

[

no trace of it was found exczoat

n the extracts of

Lot VI,VII and VIII. In tuese scluticns, it was

egtimated by reduction witih Devarda's alloy,

(also used by Chibnall 1222; Dobinson,l1l929 and

BcKie 1931). The methods involved in the teehnigue

of the Iormer two workers were,khowever, nct practic-

able,.owlins to unsufficient water pressure. A

variation of Chibnells method was therefore utsed.
The eapgaratus sihewn in diagrawm III vias set up

in duplicate-in the reacticon vescels D were placed

25cc. of the extract a.d a Tew drops oI capryl



TADLD XVI

T

Standardization licthod for Lstimating Nitrate.

Stendard solution contained 0.214gm.in 250cc.

« . Normslity = 1.008 N/10 .”. £27.3cc. lalh shouid be used up.

corresponding to swount of acid used up by Rﬂ5 eveolved.

Conditions Titration cc.used vp. 9% yield

1., 25cce solution asrated
1l heour in cold witn

-

2me .nhydrous Wallo i5.8CC. S.0cc. 11%
47 LicC. wolution serated

in cold with 10cc. «0%

LaCh. 23.7cC. 19.%cc. 755
b.hesidue (a) aerated

1l hcur wcre in watsr

bath at 45°. L2.8cc. 1.5¢cc

Se lOcc.otaken aerzted 2 hrs.
Qt ‘_".O . 1408000 8.9500. 89‘,;0




alcohol; into E,10cc. 40% LeCh znd into C, 235cc.

N/100 ecid, 2 drops capryl alcohol znd a few drops

of methyl red. Into one veszel B only, was placed
about 1lOgm. Davarda alloy. The conrnecticus were

closed, E belng comnnected tc a sulphuric acid washer
«nd B to a head F, for preventing eny trace of strong
&1lkali from reaching the acid in C. The latter was
ccnunected to a water puwupe. Then the slkeli was run
into both vesgels and left to stend overnight. Tﬁe
following day, the reactlioan vessels B were surrounded
by & water bath kept at 40-450, aeration started and

m I )

continued for 2 hours. whe difiercnce betwecn the
cuantities of aiwconis coming over was taken as that
due to nitrate nitrozgen.

It was feund difficult to obtain a good yield
from dilute solutionz c¢f nitrate corresponding to its
concentration in the plant extract. <he conditions
adopted for obtaining the maximum yield by this method
are shewn in Table XVI. Since the esicunt @f nitrate
present was &t all times swell a yield of 89w was
ccaaidered gcod enoush Tor ths present research.

The detceruination of proteose N (and other N
precipitated by sodiuwa sulphate 2t 33°) has already

been described (see Wasteners « Borsook 1216).
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IVLOTATVDUENT O DXipfIDLTAL HE5ULTS

I. Zeeds growa in ligat

S

Tne variation of the I disgtribution in the pea
sesdling at varicus stages or growth is swuarized
Sgraphically ia rigure I., cnd nuwrericeaelly in Table XVII

Figure I ghews tie T distributicn estimuted

]

of the total ¥ at eacli staze. Th
<O

o
-
©

L]
@
H
o
[0))
=
ct
¥}

¢
O]

(%)

most si nirficesnt fect whlch cumeries irouw study o

o

sreph i1s the parallelisn between the variation r

this
of the awino acid and the protein N (shewn here zs

the sum of insoluble, coagulable and prctsose W)
Acviino acid U accumulates during protein breakdown
increzging from 2y of tie total I in the originel
seed to 285% at tae l8tn.dzy, while protein N cdecreasecs
rron 9¢.4% in the original seed, to 595 at the 18th.
day e ence the mininum preotein I value coliacides
with tihe mexinum «mino N coatent. After the 18th.
day, resynthesis of protein becowes predominant,
protein I increasing agzain tco €4 of the total I on
the 32ad. day, wille emino X decreases after the
1S8th. day, falling to &% of tkhe total N on the 32nd.
day.

The variwtion of inszoluble, coagulable protein

and proteose N is tebulated rsspectively in Tables



TReLE TR

Distribution of Titrogen

Lokt . Days of Insoluble Prctein I Proteose Total

srowth. hig (cozgulable) L. Protein.
N
X o) 11.44 | 71.58 11.72 29E.C4
11 o 10.35 77.22 3.56 95.93
A ) 73403 15.95 £.65 95.93
by 3 £0.56 13.33 0.74 94.63
B 5 42411 5%.9 11.64 88.65
¢ 9 37.79 53.53 % .97 7629
D 13 25.97 36.2 11.71 73.58
E 18 12.24 2u.7 1l6.3 03.7&
F <2 51.01 S51.1 13.8 75.91




as o

T Total NN

Auino soronia Anide Titrate Total K "Other
N H N I in fractions soluble
estinated o
217 C.14 l.4v - 98 .84 + 1.16
o0 .27 1.01 - '99.61 + 0.39
d.C 0. 1.13 - 101.03 (- 1.03)
2.21 C.55 0.93 - 28.352 + 1.68
§.97 0.20 0.%« - 87.18 +.2.80
11.90 0.<3 0.39 - 89.56 +10.4=
W24l 0.69 3.%1 - 1CC.11 (- 0.11
Oer.8 1l.14 2443 4443 92.C7 + 7.93
-0.58 1.27 2.22 328 93.26 + 6,74
6.09 0.505 4.8 - 95.75 + £.20




TAbLu AVIIL.

VARTATICH IW INSCOLJBLL N.

Lot.  Days of 9% N in No. 02 detsrmin  Tiesiduvel T cs % of
srowth. inzoluble -ztions made. Total dry PTotal N
resgidue it

L
‘_.J
O
[ H
L] L]
i [
- (o))
H ™
@) o
[ ]
> H>
(]
-3
|_l
'_J
]
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h
[ ]
Do
Ne}
o
C/ 5
L]

i
.l

’F.

L]

&y

w0

T

P
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()] @]
) ?
ae}

w

O

L d

U

0\

B 5 3.85 3 1.983 42.11
C o 4074 2 2,032 37 .79
y 13 4,55 3 1.£69 25.97
I 18 5.26 2 0. 744 12.24
P 28 4,43 3 1.7¢8 31.01

d P

O




TaBLE T
s sod

Variations in amino I

Lot e Days ol Srowth. NWo.01 det.rwmin , Arino K as :
—~ations wade. % total dry % total
Wt N
‘;;l 0 1 0.087 2.17
%l 0 2 0.012 2.40
L 3 2 0.145 5 .50
L 5 2 0.091 2.21
L 5] 2 0.328 6.97
¥ o 9 0.639 11.90
15 3 1.254 22.18
13 2 1.535 25.28
J 22 2 0.606 10.53
l 52 4 0.292 6.09




TABLLD XATT

Variation in Armmonia wnd Amide N

Anionia Amide
lot. days of No.of deter- Amuonia N as No.of deter- imide N as
growth. winations we ATy % votel minstions % total % total
nads wt. W made. AV N
—
I 0 1 0.0C5 0.14 2 0.059 1.49
Ly 0 1 C.01l1 0.27 2 C.041 1.01
9 S 2 C.020 0.47 1 C.047 1.13
, 3 2 0.C23  0.55 1 0.038 0.93
] 5 2 0.028 0.28 2 0.044 0.94%
9 3 0.C26 0.48 3 0.0C«8 0.c9
1o 2 0.059 0.¢9 3 0.1%4 S.4l
; 18 3 0.067 1.14 3 0.150 2.48
22 2 0.073 1.27 2 0.127 2.22
| 32 2 0.027  0.55 2 0.207 4.2




TABLE XZIII

Insoluble and Yrctein I as Percentage of Totzl Protein

(including 2Zroteose)

'Lot. Dars of Inscluble  Coagulable  Proteose Coagulable

| - grouth. o Protein K Protein
1 ¢ Proteose

|

;13 U 12 756 1:2.3 7.9

1 & L7 & 39 e 15.3 53.1
Py 9 19.6 3.9 6.0 cO0.4
lf 13 35.2 =2.0 1l5.8 653
[ 19 £0.9 50.5 =8.6 79.1
11 23 £0.8 £1.0 18.2 £8.2
[ &2 V1.3 1z.7 15.35 23.2




7 ~ry
<

soluble i fracticns as ¢ of Total water soluble N

(twi of soluble cowponents not includiin; Proteose)

()

Lot. bays or Amino H. Anide aniionia Litrate.
growuth

14 C 57 .4 33.9 3.7 -
IB C 60.3 57.2 5.5 -
1A 0 72,7 50.4 7.9 -
1IB 3 63 .3 23.1 8.6 -
IiI 5 82.1 10.5 6.9 -
IV 9 83,7 7.8 3.5 -
R 13 84.6 12.8 2.6 -
%I 19 6745 10.5 3.3 8.7
LI 22 56.9 11.8 6.7 246




TABLE XXV

Lot. Lays of No.of seed Average Average Total wt.
sTrowth. -lings length lengtih of meal
harvested. of root oI shoot 1in gus
in cn. in cn.
X 0 - 0 0] 12.2¢ £4C0
A 5 116 2.% 0 A. 6.047 4.13
B 8.763
B > o6 6.0 oS 5.007
C 9 48 15.4 d.1 7.198
D 15 52 15.6 uo:) ‘L.OSl
E 13 33 1.6 7.l Cel64
F 22 52 22.5 Ced 6.022
G 26 iz 26 16.5 4£.310
[
| B P2 32 33.B 11.9 7.707 4.85
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AVITXIX cnd XX., and the variation of amino I in
Table XXI.

Armiide nitrozen (Table XXII.) shows no
siznificant change during germination. It is very
low at first, increasing to about 3% over ths 13-18
day period and at the last stage (32nd. day) increases
to £.3% of the total aitrogen.

Similarly, awmconia nitrogen (Table XXII.)
rewmains coasistently low, never rising above 1.4,

verhups shewing e slight mexiwum over the 1E8-22 day

39
Period, though this is =luwost within tie experimeatal
error.

Iitrate nitrosen (Table ZVII.) only a_pears on
the 1l&ta., 22nd., and 27th. duy periods, wiasn it

et

rve_resents sowe 3-Z% of the totel nitrosen.

I
O]

1

us total nitrogen of the secedling, expressed

L=}

ag percentvage of  lry wt, shows sowe variation

H

as shewn in Figure II. and also Table XXVEIZ,
'increasizg graduslly frowm 4% in the ungerminated sced
to a maximua of 6.07% on the 12th.day. thea falling off
again to 4.287 on the 32nd. day. This increase wmey pe
cue partly to an intake of nitrates frou the soil,
since nitrates do appear in the plunt at tie stages

wihich are associeted with the maximum total nitrogen



<0,
cocatent. Another factor waich probably fuvuncticas
ccentinucutsl;, taorou bout the investiga.ion iz the
caange 1i carbohydrate content. buring the early
<tages of geruination the carboanydrate supply is

being uwsed up, aund is not belng sugmented since

there are ot this stage no leaves. Thiz decrezse
of carbohydrate .n the seedling will be refleccted

as +.n increase of the total nitrojen expressed as

o

percentage of wry weight; this will be followed

5
by cn aprparent decreage in the total nitrosen when
Lz carbohydrate content begins to increase again,

after shoto-gynthesis has started.

The inter-realtion betweecn the three protein

4

fractions 1s shewn graphically in Figure III. as <
of total N. Insoluble N (see Table XVIII.) shews
a continuous decrease from 302 in the seed to a
pinirn of 12% on the 12th. day, hence ccinciding
with the miniwmw value for total protein. It then
increases agaln to 613 of the totael nitrogen on
the %2nd.dey seriod.

The curves Tfor ths other two protein fracticns
cozi;ulable protein W (see Table XIX.) aad sroteose
I (se¢ Table 3XX.) do not skew this regularity.

Lowever, if these two fractious are adued together
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cnd the sum plotted graphically, this protein apparently
reumiing fairly coanstant over the C-22 day pericds,
except for = low value at the Y day pericd, which is

ct tiet the total N estimated

¥

f

provably due to tae It
;

on that set was ruther low, being only £9% of the

totel nitroszen arnd =

cart of thig deficieney may well
hove becn due to an error in the protein T deternmin-
aticn.

If, however, protein nitrogen is plotted as in

Dilgure V, in waich ths three Iractions «re represcnted

"

&8 percentsjes ol the votal protein estimated, then

{

it is clear irc.. the figure, thet both ccagulable
protein N and prcteose K (and of course, thelr sum)
ghew an increase frow the original seed to tiae 18th.
day wiaen tiey are at their ma: ‘rrua z§lue, followed
by a decrezse after the 18th.day, to the 32nd. day.
This increase of coaguleble protein is a surprising
result, since 1t indicates that "coagalable prcteint
increases durln; tae stage whken protein breakdown

as a wnole, .is proceeding and then decreases viien

H

protein resynthesis begins. There is one facto
which might influence the perce.tage of prctein
appearing in the insoluble fraction wrd wiicn would

afiect i1t in the ri_ht direction to sccount for the
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«bove obgervation; namely, the swount of protein
extractcd frow the insoluble portion will be greater,
the swmeller the eswount of total protein present,
since the extrection will necessarily be uore thorough
if the same treatuient 1s rreserved througkout. Thus
it is posscible thut zs total protein decreases to

a miﬁimum at the 1l8th. day, so the swount of protein
extracted will increase snd when totel protein
increasses zgain after the 18th. day, tie rercentage
of total protein extracted irorm the insoluble portion
migit decrease.  dowever, it dces not secnm likely
that this can account altogetier for the varistion of

"coagulable proteln'", since in the 32nd. day set,

a paerticularly tihorough and lengthy extraction was
rzde, but the amount of protein N appearing in the
inscluble portion is stiil consliderably greater
than in wny <ets since the 3rd. day psriod.

+here 1s another possivbility woich migat explain
the Tluctuaticn of the "coagulable :rotein" curve.
It is ccncelivable that protein might be brouken down,
in the first.instanoe, by tue splittiﬂg ofT oI a
non-nitrogencus porticn of the protein leaving the
residue richer in nitrogen. This ig borne out by

tlhe fact thaet ths pexcentase ol nitrogen in the

[O)
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"coagulable protein® rraction dces increase at Iirst,
ltoou h it does not ghow a waximosa at ths 18ta. day
In this conunecticn, it is interesting to note tha
imcCulla (1€34) in his studies of gerwinating seods,
obtained evideance that in a variety; ol seeus, tue
ariide nitrogen ol tne profein vas Lere rgaaily
removed than any other group in thke protein, but hes
at this

fecuna did not apply to the pea.

r.
ﬁ
U‘

It secizs, however, more prcbable, that tos
increzse in coagulable proteln nitreogen &s a percent-
ase 01 tetel protein B and also as a perceantage of
dry welgsht as caswn in Figure IV. 1s in reality only
an apparent increase, due tc the decrease in sone
other nitrogenous fraction, viz. insoluble protein

nitreozen.  Frowm rigures IV.arnd V. it is seen that

insoluble protein I decreases to a minirwea on tihe
loth. day, taen increases again. If this insoluble
protein viere tc Le brokenn down before or uere guickly

noo "ceoagulable protein' then the latter, expressed

total »>rotein N or as pesrcentase
= f—)

H

as percentegs o
o1 total dr& weight, (since purt of the protein
_broken down would yrobably be lost az COS) wowid
aJpear to lncreasse. If it were elipressed &s &

perceantase ol ths total nitrogexn, hovever, it would



TLBLD XAVI.
Jitrogsen as % Eticlated. Green. Eticlated. Greesn.
‘jotal Litrogen.
vionis N C.6 0.48 0.96 l.1
ide I 37 1.05 13.4 3.7
iino it 5.6 12.01 20.6 25.3
litrate K - - - 4od
9.&/; 13.5’;":’ 3...2 5"21.05
Jth. day 1oth. day




not appear to increase urder thece conditioans,
tauws agreeing with ilhe data given.
the scoumclaticn ¢l 2roteose in ilzncreasing

amounts uy to & neximtry at the 18th. doy, «s already

referrsy to on the previous page (see Figures IV znd V)
weawld apeeer to filicate that sroteose forwmation by

hydrolyels of protein takes rslace at z hi her rzte

tiun tag further breskdown oif zroteose to form
simpler hydrolys prod'cts €.5. anlino zcids etc.y

end 0 2roteose accuatlates.

2. Dtiolated Ssedlinrcs.

esults vith etiolated seedlings shew -ois
interesting resulte (see Tavle XXVI.)

i the ldth. day the total water scluble nitrogen
estlucted, expressed as P

rcentase of total nitrogen,

-~

(')

&

is apzroxinetely the saie, voti in etioclated and in

o

gresin sesdlings, frow which it caa bLe deduced thet
ugtil the loth. day, protuolvs1< in the ligkt
coentilnussz to the szue extent as in thecdark. The

dificrence betwsen ths restlts ox the Sth. day, is

srtly accecunted for by the Tact that normwl 9 day
.cedlings were scaked Tor 24 Lours before sowing,
wiile the later batch was not.

dowever, souwe doubt s to the validity of tasz



above explznaticn is introduced by the fact tha
withou_h thse teotal nitrogen of the gecdling asz a

percentage of the cdry welght, is the sems e the 9th.

3

at ths 18th. day, tie tetzl N of the green plant is
€% while that of the eticlated plant iz only 5%.
This difference ic more tiean can be acccunted for by
tie nltrate present in the forwmer. It is, howevér,

o0ssible that Lore nitrate was taksn in frow the

ke

01l in the greesn plent thon was found as free

n

nitrate, the nitrate being synthesised into other

compounds. It is =lso possible of ccocurse, that the
growth in the two sets oif plents in the light wad
in tre dari, was not strictly warsllel.

IT this agrecment betwecn the two sets of rigures
for green and ror eticlated pleats oa tioe 1ith. day,
is not deceptive, it can be deduced tunct the increase

in swide nitrogen to 13% of the total nitregen, in

tiie etiolated _lont, rust tzke place purtly, ot

(@

least, at tie expease of auino acid nitrojen wiich,
in tue etiolated plaat at the 18th. day is oaly

[Pt

20.06y vhile in the green plant, is 25.3%.



Anpionia in both sets, is abcocut the same

ig emmouwnt, being slightly greater in both sets

3

o

[¢

at the later stage.
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a3 alrzaldy been observed, the most
signidicant fact waich ewer es frono the sbtudy of
the nitrogen wetabolism of the pea seedling
accunulation orf axino acid nitrogen which talkes wlace
in tie [resn sealdling during protein vrealdowa.

tne relevant literature has therefore
been made to ascertain wiether this behavicur of

.

the pea is comwon to otaer plants also, or whetler

i

o Lind

out, if possible,

-

it is exceptionmal, and
wi1at racters govern the behaviour of differeat nlaants
in this res.oect.

The accuwulation of awino acid, in the presence
of 1ight, has bLeen obsexrved by several investiators

. - : =

wno have studied tle wmetabolisz of sermirating seeds.

or

Thomason (1915) studied the distribution of

1o

amino nitrogen in seedliangs of the Llaska ez, over

a neriod coveriang 53 days. soze of his results
are shougn ia TableXXVll. Ile does not estimate
protein, nor amide aitrogaun. Tis results aovever,

indicate au accumulation of amino acid duriang toe

e i

Tirst btwo weelks ol rowWiod. Jue ract that his
paximun observed value ror auino altrogen, on tue

v

7th. day (viz: 287 ol tectal ¥) is congiderably



Thomnzon

PaBLEXXVIT.

(1915) Amino I i:

e }
Alaska Pea

wole

seedling

leaves &
nre of
stems &
roots
0ly e

Day Total U Axdlno U Lmino I
(75 dvys T (% total ¥) (v total 1)
(19335 Sarnett
1. 327 6,55 2.2

K2

P




higher than any similar value recordszd in sae

) .

present lavestigation is urobably due to the total

nitrogen of the seedling beins somewiat lower in

e

he forzer iavestis satlon thamn in the latter.

Jodidi (1928) noticed an accurrilation of amino

nitrogen in eviolated cora geedlings uy to the &th.

day cf er_;uduloa accounanied by a decreas

O]
e
)

Jrotein nitrogen. IzZis observations only cevered
O A e ~
& days however.

Suzaki (1923) in an investigsation of th

ermination of the Lima iean (Plasiolus luzatus)

(_ﬁ

exterding over a seriod or 12 days, found that

wnile protein decreased in the cotyledon tarouznocub

W
i
[N
=

the period studied, awino acids had increas
the cotyledon at tae G6ta. day »neriod aad decreased
slishtly at the lstin. dars stzge, waile ian tie sten,

tie increase at the G6th. day and decreass at tae

12th. day of awino aitrozen was very zmca more uarked,

ated and greeud seedling. I.. tae

g3
'—l .
(o]
H

boti for tas ef
gtem, protein nitrcegen descrsased at the Sth. day,
aud increased at tne 1Zth. day perici. IHis results

aglocation of water soluble

cr
or
Led
[yl
F

c’T

indicate thal
witrogen tules place from the cotyledon of the

stem, and he susoests taat talis 1s due to tlue



TAPBLEXZVIIT,

I as % total K seed 5 days 13 days 19 days 26 days
shoot Cot. Shoot Cot. Shoct  Cot.

|

’.

soluble I 75.51 41.8 &0 ok 1.3 35.4 38.7 40.1 £049

luble Protein I 2063 £25.5 9.6 13.7 .1 7.5 S.1 1C.6

ronia I 0.2 3.8 3.7 4.4 3.7 .4 1.0 3.0

ide W 0.6 3.1 13.8 0.2 1b.1 17.3 16.c2 12.3

ing I 0.7 8.0 10.1 14.6 9.5 - Sl -

TP 54 14.5 B2.3 RS.7 27,1 27.3 31.1 50.5

wl 0 (% dry wt.)  4.81 5.2 5.6  2.66 9.86 5.7 10.27 3.77
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transyortation of amino acid nitro 21, He does

not give data for amide nitrozen, except for the

FAY ] -

day period, whezn it oaly renresents 455 of the

0]

total nitrogen, ian the cotyledon, and 11. in the

Sure and Wobttinghawm in 1916, in a study of the

3

amino nitrogen of the etiolaced pea ssedling fouand
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