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This invention relates to quantitative chromatography 
analysis and the hydrolysis of peptides. 
The primary object of the present invention is to pro 

vide a method and apparatus for the continuous auto 
matic hydrolysis of peptides discharged from a chroma 
tography column and for the automatic quantitative anal 
ysis of the hydrolyzed peptides. 

In accordance with the invention and pursuant to the 
above stated object, provision is made for the automatic 
alkaline hydrolysis of peptides as they are discharged in 
succession in the eluent from a chromatography column, 
during the stripping operation, followed in continuous 
fashion by the analysis of the hydrolyzed peptides, all in 
a continuous and automatic operation. 
The above and other objects of the invention, which 

might hereinafter appear, will be fully understood from 
the following description considered in connection with 
the accompanying drawing which is illustrative of the 
method and which is a partly schematic layout of the 
apparatus of the present invention. 

Referring now to the drawing in detail, the apparatus 
includes a chromatography column 10, to the upper end 
of which an eluting liquid is supplied from a variable 
gradient device 12 by means of a positive displacement 
pump 14 of the cylinder-piston type. The variable gradient 
device 12 is preferably of the type shown and described 
in US. Patent No. 3,137,480 issued to lack Isreeli on 
June 16, 1964. Brie?y described, the device comprises 
a series of chambers, indicated at 34, which are in ?uid 
?ow communication with each other at their respective 
bottoms and which'respectively contain the eluting liquid 
or buffer of dilferent concentrations. The buffer ?ows 
from one chamber to the succeeding chamber and from 
the device through the bottom outlet 36 from which it 
is pumped, as before stated, to the top of the column 10 
by way of the tubing 38 and 40. 

During the ?ow of the buffer downwardly in the cham 
ber 10 the peptides previously adsorbed in the resin of 
the column, prior to the start of the stripping operation, 
in a manner well understood in the art of chromatogra 
phy, are discharged in succession through the outlet 42 
at the bottom of the column and ?ow to the pump tub 
ing 44 of the pump 46. The pump 46 also includes pump 
tube 48 for the supply of sodium hydroxide or other suit 
able alkali for hdyrolyzing the peptides in the manner 
presently explained. 
The pump also includes a pump tube 50 by which ni 

trogen is introduced into the liquid stream at the tube 
?tting 52 where the sodium hydroxide is introduced into 
the ?uid stream containing the peptides. The nitrogen seg 
mentizes the liquid so that the ?uid stream which enters 
the tubing 54 consists of segments of liquid separated from 
each other by segments of nitrogen. Nitrogen is employed 
for segmentizing the ?uid stream instead of alkali-free 
air because it has been found to increase the percentage 
of hydrolysis considerably by reason of the fact that it‘ 
enables a stronger alkali to be used with little or neg 
ligible destructive effect on the alkali sensitive amino 
acids. For example but without narrow limitation, I em~ 
ploy sodium hydroxide of 16% to 20% by volume in a 
water solution thereof. The ?uid stream ?ows from the 
tube 54 through a mixing coil 56 into the tubing 58 of 
a heating bath 60 in which the peptides are subjected to 
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the action of the alkali and of the heat in the heating 
bath, which is maintained at a temperature of 95° C. 

' The tubing of the heating bath is of considerable length, 
say about 120 feet long measured linearly of the tubing, 
although it is arranged in a coil-like fashion for space 
economy in the heating bath receptacle 60 in which the 
heating liquid is contained. The tubing 58 has an internal 
diameter of preferably 0.085 inch. Tubing 58 is made of 
a ?uorinated hydrocarbon which in itself is well known 
and readily available on the market, being designated by 
the trademark “Te?on.” Said tubing is resistant to alkalis, 
even at elevated temperatures, but because of the hydro 
phobic nature of “Te?on,” objectionable pressure varia 
tions and surging‘ of the ?uid in said tubing occur. In ac 
cordance with this invention, provision is made for pre 
venting objectionable pressure variations and surging of 
the ?uid in the tubing of the heating bath in order to ob 
tain effective alkaline hydrolysis of the peptides during 
their ?ow through the heating bath. I have succeeded in 
controlling the ?uid pressure in the tubing 58 and in 
preventing the surging of the ?uid therein by providing a 
vent 62 upstream ‘of the high pressure side of the heat 
ing bath tubing 58. Said vent consists of a capillary tube 
formed of polyvinyl chloride. While the length and in 
ternal diameter of said tube may vary somewhat, the pre 
ferred length is six inches and its internal diameter is 
0.005 inch. In order to eliminate waste of the peptides, 
the vent tube 62 is connected in the alkaline supply line 
upstream of the ?tting 52 in which the alkali and the 
peptides flow into the tube 54 along with the nitrogen gas 
whichv segmentizes the ?uid stream, as explained above. 
The outlet of the tubing 58 is connected by tubing 64 

to the pump tube 66, and it will be noted that the ?uid, 
stream is pumped into the tubing 58 and is also pumped 
from said tubing. Thus, the segmented ?uid stream which 
includes the peptides and the alkali is pumped into the 
heating bath where hydrolysis of the peptides takes place 
at a temperature of 95° C., and the hydrolyzed peptides 
are pumped out of the heating bath concurrently with 
the ?ow of the successive peptides from the outlet 42 of 
the chromatography column to the pump tube 44. 

Following the hydrolysis of the peptides, they are trans 
mitted in succession to the automatic analysis apparatus 
of the type shown by US. Pat. No. 3,074,784, issued to the 
assignee of the present application. Said apparatus in 
cludes the pump 46’ which may be part of the pump 46 or 
which may be a separate pump which, like pump 46, is 
of the compressible tube type. Such pump, 46 or 46’, is 
a proportioning pump preferably of the type described 
in United States Patent No. 2,935,028 issued May 3, 1960. 
Brie?y described, such pump includes a platen P and a 
plurality of resiliently compressible tubes which are com 
pressed progressively along their lengths simultaneously 
by pressure rollers indicated by the circles within the out 
line of the platen P, one of said rollers being identi?ed 
by the letter R. 
The hydrolyzed peptides are transmitted in succession 

via the pump tube 66, tubes 68 and 70, to pump tube 72. 
A gas venting tube 74 is interposed in the line of tubing 
68, 70, in order to remove the nitrogen segments from 
the ?uid stream before it is supplied to the pump tube 72. 
Said‘v'ent 74 is above the point 67 which connects tube 68 
to tube 70 so that the nitrogen rises in vent tube 74 and 
is vented to atmosphere while the liquid segments ?oW 
point 67 into tube 70 and are consolidated into a continu 
ous liquid stream which ?ows to pump tube 72. 
.- The hydrolyzed peptides are analyzed colorimetrically 
in the analysis apparatus in a known way which will now 
be brie?y described. The peptides are treated for color 
imetric analysis by mixing them with a liquid which com 
prises a diluent such as methyl Cellosolve and a color re 
agent which is ninhydrin in the presence. of hydrindantin 
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as a reducing agent. This liquid is preferably pre-mixed 
and is supplied from an opaque container (not shown) to 
the pump tube 75 which is connected to the inlet of a 
mixing coil 76. A neutralizing acid, such as acetic acid, 
is supplied by pump tube 78 to neutralize residual alkali 
which may not be fully consumed during the hydrolyzing 
action in the heating bath 60. Nitrogen for segmentizing 
the fluid stream is supplied by the pump tube 80. It will 
be noted that the acetic acid is introduced into the hy 
drolyzed peptides at the ?tting 82 upstream of the ?tting 
84 in order to effect said neutralization before the color 
reagent is added to the peptides at the inlet of the mixing 
coil 76. The segmentized ?uid stream ?ows from the mix 
ing coil 76 to the tubing 86 of heating bath 88 which 
operates at a temperature of 95° C. The outlet of the tub 
ing of the heating bath is connected to a cooling coil 90, 
the outlet of which is connected by a tube 92 to the color 
imeter ?ow cell 94 at its inlet 96. The liquid outlet of the 
?ow cell is indicated at 98. 
A tube 100 is connected to the tube 92 upstream of the 

inlet 96 of the ?ow cell and to the pump tube 101 so that 
segments or bubbles of nitrogen introduced into the ?uid 
stream by the pump tube 80, as previously explained, are 
removed from the ?uid stream before it enters the ?ow 
cell. The nitrogen bubbles and a small quantity of liquid 
are thus aspirated from tube 92 so that only liquid enters 
the ?ow cell. The light source, including its lenses for 
transmitting the light longitudinally of the ?ow cell 
through the liquid during ?ow therethrough, is indicated 
at 102. The detector, which is responsive to the light leav 
ing the ?ow cell after it passes through the liquid, is in 
dicated at 104, and the recorder which is operable under 
the control of said detector is indicated at 106. It will be 
understood that the nitrogen introduced by pump tubes 
50 and 80 for segmentizing the liquid streams have a 
cleansing action in that the ?ow of the nitrogen bubbles 
through the tubing remove particles which might other 
wise adhere to and accumulate on the inner surfaces of 
the tubing. 

Instead of connecting tube 100 to tube 92, tube 100 
may be connected to the outlet 98 of the ?ow cell and 
the gas bubbles allowed to ?ow directly to waste from 
the top of ?tting 103 when tube 100 is disconnected there 
from. 
The diameters of the pump tubing upstream of the 

heating bath 58 and the diameter of tube 66 are such 
that the fluid in said heating bath is under positive pres 
sure and so that a small quantity of liquid ?ows continu~ 
ously out of the vent tube 62. 
Although only one colorimeter-recorder is illustrated, 

it will be understood that it is within the scope of the 
present invention to transmit the hydrolyzed peptides, 
treated for colorimetric analysis, through a plurality of 
colorimeters operable at different wave lengths in accord 
ance with known practice, as stated in the above men 
tioned United States Patent No. 3,074,784. 
While I have shown and described the preferred em 

bodiment of my invention, it will be understood that the 
invention may be embodied otherwise than as herein spe 
ci?cally illustrated or described, and that certain changes 
in the form and arrangement of parts and in the speci?c 
manner of practicing the invention may be made without 
departing from the underlying idea or principles of this 
invention within the scope of the appended claims. 
What is claimed is: 
1. In chromatography analysis apparatus comprising a 

chromatography column, continuously operable means for 
hydrolyzing the peptides contained in an eluent which is 
discharged from said column during the stripping opera 
tion, said hydrolyzing means comprising a heating bath 
having tubing through which said peptide-containing elu 
ent and a reagent for hydrolyzing the peptides ?ow, said 
tubing being resistant to said hydrolyzing reagent, and 
pump means and tubing for supplying to said tubing of 
the heating bath said reagent along with the peptide 
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4 
containing eluent as the latter is discharged from the col 
umn, said supply tubing comprising separate tubing for 
said peptide-containing eluent and said reagent, respec~ 
tively, and a capillary vent tube coupled to the supply 
tubing for the reagent. 

2. In chromatography analysis apparatus comprising a 
chromatography column, continuously operable means for 
hydrolyzing the peptides contained in an eluent which is 
discharged from said column during the stripping opera 
tion, said hydrolyzing means comprising a heating bath 
having tubing through which said peptide-containing 
eluent and a reagent for hydrolyzing the peptides ?ow, 
said tubing being resistant to said hydrolyzing reagent, 
and pump means and tubing for supplying to said tubing 
of the heating bath said reagent along with the peptide 
containing eluent as the latter is discharged from the col 
umn, said supply tubing comprising separate tubing for 
said peptide-containing eluent and said reagent, respec 
tively, and a capillary vent tube coupled to the supply tub 
ing for the reagent, and means disposed downstream of 
said capillary vent tube and upstream of said supply tub 
ing to mix said peptide-containing eluent and reagent with 
each other before they enter the heating bath tubing. 

3. In chromatography analysis apparatus comprising a 
chromatography column, continuously operable means for 
hydrolyzing the peptides contained in an eluent which is 
discharged from said column during the stripping opera 
tion, said hydrolyzing means comprising a heating bath 
having tubing through which said peptide-containing 
eluent and a reagent for hydrolyzing the peptides ?ow, 
said tubing being resistant to said hydrolyzing reagent, 
and pump means and tubing for supplying to said tubing 
of the heating bath said reagent along with the peptide 
containing eluent as the latter is discharged from the col 
umn, said supply tubing comprising separate tubing for 
said peptide-containing eluent and said reagent, respec 
tively, and a capillary vent tube coupled to the supply 
tubing for the reagent, means operable concurrently with 
the flow of the liquid from said heating bath for treating 
the hydrolyzed peptides for colorimetric examination, and 
means operable concurrently with said treating means for 
quantitatively analyzing the hydrolyzed peptides. 

4. In chromatography analysis apparatus comprising a 
chromatography column, continuously operable means for 
hydrolyzing the peptides contained in an eluent which is 
discharged from said column during the stripping opera 
tion, said hydrolyzing means comprising a heating bath 
having tubing through which said peptide-containing 
eluent and a reagent for hydrolyzing the peptides ?ow, 
said tubing being resistant to said hydrolyzing reagent, 
and pump means and tubing for supplying to said tubing 
of the heating bath said reagent along with the peptide~ 
containing eluent as the latter is discharged from the col 
umn, said supply tubing comprising separate tubing for 
said peptide-containing eluent and said reagent, respec 
tively, and a capillary vent tube coupled to the supply 
tubing for the reagent, and means disposed downstream 
of said capillary vent tube and upstream of said supply 
tubing to mix said peptide containing eluent and reagent 
with each other before they enter the heating bath tubing, 
means operable concurrently with the ?ow of the liquid 
from said heating bath for treating the hydrolyzed pep 
tides for colorimetric examination, and means operable 
concurrently with said treating means for quantitatively 
analyzing the hydrolyzed peptides. 

5. Hydrolysis apparatus, comprising a heating bath 
having a length of tubing for the ?ow therethrough and 
the heating of a stream of ?uid for the hydrolysis process, 
pump means and tubing for supplying to said tubing of 
the heating bath a stream of ?uid containing a substance 
to be hydrolyzed and a reagent to hydrolyze said sub 
stance, said tubing of the heating bath being resistant to 
said hydrolyzing reagent, said supply tubing comprising 
separate tubing for said substance and said reagent, rc 
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spectively, and a capillary vent tube coupled to the supply 
tubing for the reagent. 

6. Hydrolysis apparatus, comprising a heating bath hav 
ing a length of tubing for the flow therethrough and the 
heating of a stream of ?uid for the hydrolysis process, 
pump means and tubing for supplying to said tubing of 
the heating bath a stream of fluid containing a substance 
to be hydrolyzed and a reagent to hydrolyze said sub 
stance, said tubing of the heating bath being resistant to 
said hydrolyzing reagent, said supply tubing comprising 
Separate tubing for said substance and said reagent, re 
spectively, and a capillary vent tube coupled to the 
supply tubing for the reagent, and means disposed down 
stream of said capillary vent tube and upstream of said 
substance-supply tubing to mix said substance and re 
agent with each other before they enter the heating bath 
tubing. 

7. For use in chromatography analysis, means for hy 
drolyzing hydrolyzable substances present in eluent being 
discharged from a chromatography column during the, 
stripping operation, comprising a heating bath having a 
length of tubing for the ?ow therethrough and the heat 
ing of a stream of eluent for the hydrolysis process, pump 
means and tubing for supplying to said tubing of the 
heating bath a ‘stream of said eluent and a reagent to 
hydrolyze said eluent, said tubing of the heating bath 
being resistant to said ‘hydrolyzing reagent, said supply 
tubing comprising separate tubing for said eluent and said 
reagent, respectively, and a capillary vent tube coupled 
to the supply tubing for the reagent. 

8. For use in chromatography analysis, means for hy 
drolyzing hydrolyzable substances present in eluent being 
discharged from a chromatography column during the 
stripping operation, comprising a heating bath having a 
length of tubing for the flow therethrough and the heating 
of a stream of eluent for the hydrolysis process, pump 
means and tubing for supplying to said tubing of the 
heating bath a stream of said eluent and a reagent to 
hydrolyze said eluent, said tubing of the heating bath be 
ing resistant to ‘said hydrolyzing reagent, said supply tub 
ing comprising separate tubing for said eluent and said 
reagent, respectively, and a capillary vent tube coupled to 
the supply tubing for the reagent, and means disposed 
downstream of said capillary vent tube and upstream 
of said heating bath to mix said eluent and said reagent 
with each other before they enter ‘said tubing of the heat 
ing bath. 

9. In the chromatography analysis of peptides, the 
method which comprises stripping the column containing 
the peptides by transmitting an eluent downwardly 
through the column and discharging the peptide contain 
ing eluent from the bottom of the column, concurrently 
forming in a tubing a liquid stream in which said dis— 
charged eluent and peptide alkaline-hydrolyzing reagent 
are present, introducing nitrogen into said stream thereby 
forming a ?uid stream in said tubing comprising spaced 
segments of said liquid separated from each other by 
intervening segments of nitrogen, and passing said seg 
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mented stream through a heating bath to hydrolyze said 
peptides by the action of heat and said reagent thereon. 

10. In the chromatography analysis of peptides, the 
method which comprises stripping the column containing 
the peptides by transmitting an eluent downwardly 
through the column and ‘discharging the peptide con 
taining eluent from the bottom of the column, concur 
rently forming in a tubing a liquid stream in which said 
‘discharged eluent and peptide alkaline-hydrolyzing re 
agent are present, introducing nitrogen into said stream 
thereby forming a ?uid stream in said tubing comprising 
spaced segments of liquid separated from each other by 
intervening segments of nitrogen, and passing said seg 
mented stream through a heating bath to hydrolyze said 
peptides by the action of heat and said reagent thereon, 
transmitting the stream from said heating bath through 
tubing from which said nitrogen segments are removed 
thereby forming a continuous liquid stream containing 
said hydrolyzed peptides, concurrently treating said last 
mentioned stream for ‘colorimetric analysis thereof in re 
spect to said peptides in successive portions of said last 
mentioned stream, and concurrently examining the liquid 
of said treated stream colorimetrically in respect to said 
peptides. \ 

11. In the chromatography analysis of peptides, the 
method which comprises stripping the column containing 
the peptides by transmitting an eluent downwardly 
through the column and discharging the peptide contain 
ing eluent from the bottom of the column, concurrently 
forming in a tubing a liquid stream in which said dis 
charged eluent and peptide alkaline-hydrolyzing reagent 
are present, introducing nitrogen into said stream thereby 
forming a ?uid stream in said tubing comprising spaced 
segments of said liquid separated from each other by in 
tervening segments of nitrogen, and passing said seg 
mented stream through a heating bath to hydrolyze said 
peptides by the action of heat and said reagent thereon, 
said reagent being supplied through a separate tube to 
said tubing by pump means which transmits said dis 
charged eluent to said tubing, and passing said liquid 
stream through alkaline resistant tubing of a heating bath 
while providing a reduction in the rate of supply of said 
reagent in response to an increase in the backpressure at 
said heating bath. 
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