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CONCENTRATIONS AND DISTRIBUTIONS OF FREE AMINO
ACIDS IN SEA AND LAKE ICE CORE OF ANTARCTICA
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Abstract The sea ice core (1. 6m) and lake ice core (1. 5m) were taken respectively from sea
sampling site and Ace Lake near Davis Station, Vestfold Hills, Antarctica in November and
October, 1988. The concentrations of amino acids in each 10cm of ice cores were determined by
High Pressure Liquid Chromatography (HPLC). The results showed that the concentrations of
amino acids revealed seasonal variation during the year. The highest concentration of amino acids,
which was 30. 92 pmol/ml, were found in the bottom of sea ice core, and it was approximately 45
pmol/ml in the lake ice core. The lowest concentration was approximately 8. Oumol/ml which is
presented in surface of the sea ice core, but it was 14. Oumol/ml which was found in 60cm section
of lake ice core.

The seasonal variation process of concentration of amino acids were much similar to that of
phytoplankton cells number in sea ice core, and the distribution and seasonal variation rate of
individual amino acids were also much similar in each ice core sections. We suggest that the
uniform spectrum of amino acids is probably derived from a peptide cell source and those amino
acids were not utilized by organism.

Key words amino acids, HPLC, ice core, Antarctica.

Introduction

As a results of the metabolism of living organism and posthumous organisms decay,
amino acids and peptides of various degree of polymerization are released into the water.
Amino acids account for 30 — 70% of the organisms that was liberated by living
phytoplankton and zooplankton in aqueous environment (Zlobin et al. ,1975). Studies on
phytoplankton cultures have revealed a distinct similarity in constituent amino acids
composition regardless of species (Cowey and Corner, 1963; Chau ez al., 1967). The
amounts of free amino acids, which are contained in bacteria and phytoplankton should be
greater than that dissolved in the water. They can be released to abnormally high amounts
of dissolved free amino acids from broken and living cells when they were frozen in the ice
core.

The counts of phytoplankton cells and measurements of chlorophyll-a indicate that the

algae was abundant in the ice core community. There are two major peaks of phytoplankton
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abundance in the ice core during the year, the first peak was occurred in May while the
second peak occurred in November and December (Perrin ez al. , 1987) in the same study
area. We have studied amino acids and volatile fatty acids in sea water during May 1988 to
February 1989 (Yang et al. 11990 and Yang,1992), the concentrations of those compounds
were much lower during winter time but the higher concentrations of them presented in the
summer algae bloom. So it is significant to know that variations of concentrations and
distributions of amino acids are present in the sea ice core and lake ice core, and also what is
different between the sea core and the Ace lake ice core. These results could be help to
understanding biological ecology, physiology and biochemistry in ice zone.

The concentrations of amino acids in sea ice near Davis Station and Ace Lake ice core in
Vestfold Hill, East Antarctica were measured by High Pressure Liquid Chromatography (
PHLC ) in 1988, This paper discusses the vertical distribution of amino acids in relation to

seasonal variation of ice algae in sea ice core and Ace Lake ice core.
Material and Methods

Sea ice core was taken from 10 km north west of Davis Station, and Ace Lake ice core
was taken from centre of Ace Lake, Vestfold Hill, Antarctica ( Fig. 1 ).

Two ice cores were collected by a 7 cm diameter SIPRE ice auger, each 10 cm of core
samples were melted at 20'C, and 5 ml melted water samples were filtered through
Whatman GF/F glass filter (0. 45 pum) which was pre-combusted at 450°C.

PHLC apparatus was used to determine amino acids. The system contained two Kortec
ETP pumps, a Kortec mixing chamber, a Rainin microsorb 7125 injection valve with 500 pl
loop, a water fluorescent detector Model 420-e. The columns are a Rainin microsorb C-18,
3micron, 50X 4. 6mm I. D. analytical column with Rainin gard column.

The amino acid derivatizing solution consisted of 50 mg o-phthalaldehyde (OPA)
(Alltech company) dissolved in 1 ml methanol, add 750 pl 2— mercaptoethanol ( Aldrich
chemical company ), and 150 ul Briij 35 ( BDH 30% w/v solution in water ) mixed with 5
ml 0. 4mol/] Potassium borate (pH 10. 4) in a 20 ml blanck glass bottle over 24 hours.

Mobile phases were: (A) 0. Imol/l sodium acetate, 0. 5%, Tetrahydrofuran and
9.5% methanol, adjusted to pH 6. 8 with 0. Imol/l acetic acid. (B) methanol. The
gradients used generally close to 5 to 65% (B) in 21 min. , returning to initial conditions at
a constant flow rate of 1ml/min.

400! filtered samples was mixed with 100pl 1. Omol/1 soldium acetate buffer in the 1ml
vase, and add 100ul OPA derivatizing solution, with derivatizing time of 1min before
injection. Injected volume was 500ul. The peaks were identified by their characteristic
retention time and quantification was by peaks area linearly compared to standards. The

typical standard with gradient of mobile phase and ice core samples runs are showed in Fig.



64 Yang Hefu, Andrew R. Mctaggart and H. Burton

> {‘y"/k:z_,c
AN A

74 775
2

.I.-“ V; gg

Ace lake

- 7/ wanine watens -uxes
~ VESTFOLD HILLS

/ P .~ et
3 4

Fig. 1. Sampling station, sea ice core taken from 10 km north west of Davis Station, lake ice
core taken from Ace Lake, Vestfold Hill.

2 and 3.
Results and Discussion

The results of amino acid measurement in sea ice core and Ace Lake ice core are
summarized in Table 1 and 2. The results showed that the concentration of total amino acids
in ice cores is much higher than that in the sea water. The concentration of total amino acids
varied between 8umol/ml and 30pumol/ml in sea ice core, but the highest concentration of
that in sea water was only 0. 302umol/ml (Yang et al. ,1990).



Concentrations and Distrabutions of Free Amino Acids in Sea and Lake Ice Core

]

T16°0 | OS¥P°T [ 0S2°T | 618°T | 81970 | SZT°T | 66E€°1 | SE9'0 | YOI'T | 06L°Z | 960°C | £o¥"c | 610°T | 0£8'F | L0Z'Z | 2L8°0 | 8E£°2 | 09T —0ST | 9T
S0L°0 | E¥6°0 | ZIB"0 | 5080 | 8SE°0 | 6810 | 2€2°T | P6S'0 | 94870 | L92°2 | 2£BZ | 44972 | 8€S°0 | OIE'W | 09°T | 62570 | €6€°T |[0SI—0¥I | ST
889°0 | T96°0 | 89L°0 | 96.°0 | €1€°0 | 922°0 | ¥E€Z'T | €29°0 | 6L9°0 | S€S°Z | ¥¥8°¢ | 08¥°Z | 6¥S"0 | ¥9U'¥ | TO¥'T | 9270 | £0£°1 | OPT—0ET | ¥T
206°0 | TOZ°T | 96870 | LiL"0v | EVE"0 | SOT0 | O6F'T | LOE'O | 12570 | SLL°2 | PEE"€ | 8SL°Z | 8¥S'0 | L28°% | 9UL°T | 829°0 | ¥69°1 | 081—021 | €I
SLS°0 | 5260 | LZL°0 | £9L°0 | 80E°0 | ¥BT'0 | 202°T | SE9°0 | 0890 | €L¥°Z | €28°2 | 145°2 | 6560 | €0Z°¥ | 8£8°T | 1L¥'0 | 892°1 |o021—o0T11 | 2I
220°T | B9T'T | 12670 | S98°0 | 89E"0 | LBO'O | 9SE'L | ¥62°0 | 695°0 | 6Sv°2 | 886°C | T4L°2 | 82S'0 | 2% | ¥29°T | S09°0 | 16S°T | OIT—00T | 1T
SPS'0 | L4970 | 625°0 | £25°0 | €12°0 | 0600 | 0280 | €EV"O | 25P°0 | 969°T | ¥92°2 | SOL°T | L¥¥'0 | 122°€ | 968°0 | TI€°0 | €080 | OOI—06 01
L¥S°0 | ¥SLO | 64970 | TLLC0 | ZEECO | OTT'0 | TOO'T | 2S%°0 | 86%°0 | ¥96°T | 9%L°Z | 29¢°2 | 86%°0 | 61T'¥ | 221°'T | S6€°0 | 021°1 06—08 6
T6L°0 | SL8°0 | ¥89°0 | 95.°0 | 982°0 | 060°0 | 02Z0'T | T9%"0 | €€S"0 | PB1'Z | 889°2 | 202°2 | ¥¥S°0 | 289°C | S0Z°'T1 | 2€¥'0 | €101 08—0L 8
9670 | O0E'T | 150°T | SPO'T €80°0 | B8V'T | PSL°O | €96°0 | ¥88°CZ | 2EU°E | €S2°¢ | 8¥9°0 | L99°F | P¥RCL | 9090 | OI8'T 0L—09 L
001"T | S21°0 | S20°T | 900°T 8800 | 6SV'T | €T€°0 | EFPL"0 | LS6°C | 62 | OST'E | S29°0 | L¥P'¥ | L¥WO°T | 9650 | 185°T 09—08 9
69L°0 | S92°T | 210°T | 095°T POL'0 | 60V°L | OFP8'T | €PO'T | LBE'Z | €26°2 | LEO"E | SIS0 | 20F"¥ | 66L°T | 0SL'0 | £65°1 05—0% g
¥99°0 | BLB°0 | EFSD | L0970 99T°0 | LEO'T | OTL°C | 681°T | 96%°T | 601° | E96°'T | 8SE'0 | OPL'E | OFI'T | 0890 | l50°I 0y —0¢ P
056°0 | 609°T | SL8°0 | S22°0 ¢60°0 | 020°T | 68S°Z | ¥EB'O | €12°Z | SEL'Z | BE9"Z | 2E%"0 | 6%0°F | 8L5°T | T189°0 | ¥S¥'1 0E—02 £
G980 | L6E°0 | 2¥10 | 2910 0070 | OES"0 | OEB'0 | L22°0 | PL9'0 | 66L°0 | 29.'0 | 6600 | L22°'1 | 89670 | 8L2°0 | 625°0 | 02—01 2z
TLE8°0 | ZLT°0 | G810 | €¥2°0 CLY0OC0 | S0S°C | 6LL°0 | TRT'O | 9SL°0 | TROCL | 92570 | ZET'0 | OV9°T | T2E"0 | TIE'0 | OF¥°0 01—0 1
*84] ‘03] ‘081 +ayd el |-ygy+4 A ‘2[R ‘e CUIO | agig A8 1Y e 138 dse “enjd *edse (w) .
(Ju/|owr) UOLIEIIUIIUOY) daap

*3.400 371 VIS Y] UL SPIOV OUNUD [0 SUONDLIUIINUOD Y[ 7 qD.],
965°0 | 85.°0 | 8650 | 96£°0 | 69%°0 | 865°0 | BOB'O | TIZ'0 | 16270 | €69°T | WES'Z | L6S°T | S¥P'0O | £¥S°E | 2¥I'T | 9¥¢ ¥EO'T | OGT—0%1 | SI
S09°0 | G870 | OTL"0 | 8TT°T | SS2°0 | LOZ'0 | 600°T | I¥I'0 | LB¥"O | €OL°T | %0S°Z | 8L6°T | ¥SE'0 | I€B'E | 60F°T | 9L¥-0 | ¥SU'T | OPI—OEL 1
T0L°0 | ¥€8°0 | ¥99°0 | 685°0 | €920 | 99E°0 | 0Z0'T | L6170 | SIv'0 | [€L°T | L0972 | 088°T | 68€°0 | 61L"E | €211 | 9€%-0 | 9T0°T | 0ET—0ZT | €1
PO6°0 | 6L8°T | L0Z°T | 189°T | 16570 [ PEE'T | 6SF'T | GOE"0 | L9970 | FOO'E | 66€°C | 6L1'C | 9¥6°0 | ¥6B'F | 610°2 [ €29°0 | SL6°1 | 0Z1—0OTL | 21
026°0 | 6658°1 | @LF°T | LL8°T | €6L°0 | TO6°T | SS9°T | ¥¥E'0 | 269°0 | 981'E | SSP'€ | 656 | €pO'L | 1S0°'S | €6E°2 | 8E®'0 | 1€5°Z |OLT—0OT | 1T
890°T | TI®P'T | LLT°T | 0S8°1 12770 | O9L°0 | 208°T | L€E°0 | 629°0 | €S9°C | OEL'E | 2SS'E | 889'0 | 190°S | 9€1'2 | kL0 | €98°'T | 0OT—06 ot
696°0 | 992°T | 201" | ¥68°0 | 22v"0 | 9L2°0 | 625°L | 002°0 | SES°0 | 605°2 | 9E1°'C | SE€L°Z | 29S°0 | ¥OS'¥ | 0ZL°T | 8190 | 049°T 06—08 6
BLT'T | €LS°T | 8BE'T | ¥61°1 LOF°0 | ¥96°T | ¥IE°0 | 8990 | ¥POE°E | BE9'E | T¥¥°c | 8¥.L"0 | ¥90°S | €S2°Z | 8080 | 1BI'Z 08—04 8
805°T | BSZ'Z | 686°1 | ¥0B'Z | 6860 | I68°'T | L¥Z'Z | 2€S°0 | 196°0 | 981°S | 80S'F | 94.°G | €E¥°1 | 8S0'9 | O6F°E | 100°T | OLE'E 0L—09 L
8L9°0 | ¥28°0 | T19°0 | 2¥S°0 | 612°0 | S¥L"0 | B00'T | €61°0 | S9E"0 | S8BT | ¥L5°C | 92L°T | B¥E-0 | ¥S¥"€ | 0L0°T | LLE°0 | 09870 05—08 9
STO'T | ST2'T | €T0°T | L¥6°0 | BOF "0 | ¥IZ2°0 | LOL'T | 626°0 | 60S°0 | ITIS'E | ¥P9°€ | S60°E | 9SS0 | 088°% | TTL°T | 0S9°0 | 60L°T 05 —0¥F S
602°T | ELS'T | 9€€°T | S86°T | 106°0 | S¥2°0 | 664°T | 292°0 | 899°0 | [9S'E | 299°C | €6¥°€ | 6TL-0 | 290°S | 20272 | %0L"0 | 886°1 0¥ —0¢ ¥
SLB'0 | 880°T | ¥68'0 | 8¥8°0 | €9£°0 | L2E°0 | 082°T | 1400 | OTk'0 | 2FP1°2 | €56°2 | 18672 | 0S50 | €21°% | 98S°T | £0S'0 | 06€°T 0€—02 £
88L°0 | 62T°T | L66°0 | LI6°0 | 2E%°0 | €¥PE"0 | LIS'T | 8020 | BIP'O | 86E€°2 | L90°€ | 6¥8°Z | L2870 | LLV°F | €19°T | 6950 | SOL°T 0z—0Il (4
8820 | OT9°0 | ¥i¥"0 | SZL°0 | 6E£°0 | ¥8E°0 | 861°C | 1SI°0 [ 8220 | T¥L'T | 619°2 | 192°2 | €S¥°0 | 6S6°C | €28°T | €150 | 90S°T 0T—0 1

84| ny 081 ayd A1 W 'ygy+ ki BB “Bie WIC | g 4R w1y “Tea 138 dse ‘enj@ "edse () o
(u/jour) UONENUAIUOD daap
‘2400 21 YT I 2y} Ul SPIIV oUNUD .\.a SuoypLUIU0I Y J ‘I 290 [
1 'R I TR | \ | | | | i ) 1 '




66 Yang Hefu, Andrew R. Mctaggart and H. Burton

The highest concentration of amino acids in the sea ice core was found in the bottom of
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Fig. 2. HPLC chromatogram of standard amino acids condition: Flow rate, 1ml/min; Reaction
time, 1min; Gain, 32; Injection volumn, 500pl with still water. (1. aspartic acid; 2.
glutamic acid; 3. asparagine; 4. serine; 5. glutamine; 6. hisidine; 7. glucina +
threonine; 8. arginine; 9. alanine; 10. turosine + r-ABA; 11. methlonine + valme;
12. tryptophene; 13. phenylalanine; 14. iso-leucine; 15. leucine; 16. L-ornithine; 17.

lysine. )

ice core which was in November and the lowest concentration of it presented in the surface
of the core which is near infiltration layer. The second peak of amino acids abundance
presented in 50— 70 cm section of the core which correspond to May — June. There was a
decreasing process of the concentrations during 70cm to 100cm section, then the

concentration was increased from 100cm until 160cm ( Fig. 4 ).
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Fig. 3. HPLC chromatogram of sea ice core sample between 10— 20cm. condition: Flow rate,
1ml/min; Reaction time, 1min; Gain, 32; Injection volumn. 500ul. (1. aspartic acid;
2. glutamic acid; 3. asparagine; 4. serine; 5. glutamine; 6. glucina + threonine; 7.
arginine; 8. alanine; 9. turosine + r-ABA; 10. methlonine + valme; 11.
tryptophene; 12. phenylalanine; 13. iso-leucine; 14. leucine; 15. L-ornithine; 16.

lysine. )

In the Ace Lake ice core, the concentration of total amino acids was higher than that in
the sea ice core untill 120cm section of the core except for 60cm. The highest concentration
was 46pmol/ml which presented in 70cm section of the core and the lowest concentration
occurred in 60cm ( Fig. 5 ).

The concentration variation process of total amino acids in the sea ice core was much

similar as the that of ice alga cell numbers which were monitored by Perrin(1978). Fig. 6
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Fig. 4. The concentration variation of total amino acids in sea ice core.
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Fig. 5. The concentration variation of total amino acids in Ace Lake ice core.

showed a relationship between concentration of total amino acids and phytoplankton cell
numbers in the sea ice core. There exist two major period of phytoplankton abundance in ice
core during the year. The first one occurred in May and the second one was November —
December. The higher concentration of and the similar variation process of amino acids as
phytoplnkton cell number indicated that phytoplankton cells release to amino acids as a
primary activity and utilizing amino acids is secondary activity in the sea ice core community.

In the spectrum of amino acids in the sea ice core, the highest content was serine which
is 38. 25umol/ml, and 19. 3% of the total amino acids. The secondary content of them was

histidine, which is 11. 2% of the total amino acids. Ornithine and glycine plus with
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throenine were 10% and 12. 4% respectively. Those compounds dominated amino acids in
the sea ice core and the total content of them was approximately 62% of the concentration of
total amino acids. The lowest content of amino acid was methionine, whose concentration
was 2. 8umol/ml and 0. 8% of total amino acids only. Aspartic was the same as the
asparagine, and the concentrations of them were middle level in the spectrum of amino
acids. In the Ace Lake ice core, the total concentration of amino acids was higher than that
in sea ice core, and the distribution of components of amino acids was similar to that in the
sea ice core, but there existed some differences between arginine and alanine where the
concentrations were lower than that in the sea ice core ( Fig. 7 ). The similar distributions
of components of amino acids showed that the way of source of amino acids in the Ace Lake

ice core was probably the same as that in sea ice core, and amino acids in ice community was

a0 200

- 100

CELL(10%)

° T T YT T T LS SRELANE B IND NI SuN BN SEn S oun mERme S aun S 0
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deep(cm)

Fig. 6. The relationship between amino acids and phytoplankton cells ( date from R. A. Perrin et
al. 1978).

stabler than that in sea water.

The biological community in the Ace Lake is relatively simple. The only animal is a
calanoid copepod, Paralabidocera Antarctica (Bayly, 1978), which reaches a maximum
density of about 3 animals per litre, The major alga is a small green flagellate Pyramimonas
gelidicola ( Prasinophyceae ). Smaller populations of a biflagellate algae, tentatively
identified as a Cryptomonas species, an unidentified biflagellate algae and a large unarmored
dinolagellate related to Gymnodinium are also present (Burch, 1988; Volkman et al.,
1986). These algae from discrete populations distribute at different depths in the lake and
migrate downwards in the summer months. Some species, such as Microflagellate, adapted
to living in top of water column ( under ice ) during winter time ( Burch,1988 ). It is

possible that these algae entered into the ice community and released amino acids though
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there are no informations for the ice algae in ice core of this lake.

The proportion of each individual amino acid was much similar to the percentage of total
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Fig. 8a. The variation of some higher concentration of amino acids in sea ice core.

amino acid in each ice sections ( Fig. 8a, 8b, 9a, 9b and 9c). Those similar proportion
distributions of concentrations indicated that spectrum of amino acids in the ice core is
uniform. The uniform spectrum of amino acids were derived directly from peptides of ice
algae cells and were unutilized by organism. This is why the concentration of amino acids in
ice core was much higher than that in the sea water column in antarctic sea.

The ice bacteria are often occurring as paired or dividing cells, and an intimate

relationship in the sea ice ( David ez al. ,1986 ), and also these bacteria produce amount of
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Fig. 8b. The variation of some lower concentration of amino acids in sea ice core.
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Fig. 9a. The distribution of amino acids in 50— 60cm in sea ice core.
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6%

Fig. 9b. The distribution of amino acids in 140—150cm in sea ice core.

the ice community and these amino acids were unutilized by any organism in ice core, so that

amino acids were conserved as their origin spectrumn of peptide.
Conclusion

In area of Vestfold Hill, Antarctica, the concentration of amino acids

acids were higher than that in their water community. The amino acids were unutilized by

any organisms in ice community, so that amino acids were conserved as their original

spectrums of peptide.
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