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The amino acid sequence of the monomeric
component CTT-I, one of 12 of the hemoglobins
(BExythrocruorins) of larvae of Chironomus
thummi thummi (Insecta, Diptera) is giwven.
The sequence and the side chains forming the

heme complex are discussed.

1. Introduction

In Chironomus thummi thummi larvae (Insecta, Diptera) at
least twelve electrophoretically different hemoglobins are
presentl'z. At physiological pH, some of these hemoglobins
are monomeric and some are dimericz. This high degree of
polymorphism has attracted our interest in the structural,
functional as well as the genetic aspects of these

hemoglobins. The primary structure of one of the monomeric
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and three of the dimeric hemoglobins have already been

3,4,5,6

reported In this paper, we report the primary structure

of one of the monomeric components, CTT-I.

2. Materials and methods

2.1 Isolation of hemoglobin

Hemoglobin was isolated from the larvae according to the method
already describedz. CTT-I, the most basic cof chironomus
hemoglobing, was isolated by DEAE-Cellulose column chromato-
graphy. Homogeneity of the component was checked by polyacryl-
amide gel electrophoresis,

2.2 Enzymatic digestion and separation of peptides

Tryptic peptides were obtained by digestion with trypsin (TPCK-
treated). Peptic peptides were obtained by digestion with
pepsin for 2 hours in 0.1 N HC1. Small peptides were first
separated by gel filtration on Sephadex G-25 in 0.1 M acetic
acid. The different peaks were subsequently chromatographed

on Dowex 1X2 or Dowex 50X4. Larger peptides were purified on
DEAE-Cellulose with buffers containing 8 M urea.

2,3 Sequence determination

Sequence determination was done by automatic Edman
degradation7 in Beckman Sequencer, TWO programmes were
applied, a} Quadrcl Programme and b) N,N-Dimethylaminopropyne
Programmea. Quadrol Programme was applied for sequencing
intact polypeptide chain, large peptides and some lysyl
peptides which had been reacted with reagent IV (1,3,5-tri-

sulfonic-7-isothiccyanatonaphthalene, trisodium saltg)
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N,N-Dimethylaminopropyne Programme was applied for small lysyl
peptides and arginyl peptides. The PTH-amino acids were
identified by thin-layer chromatography and by high performance

liquid chromateography.

3. Discussion

To determine the primary structure of CTT-I the peptides were
isolated and sequenced after digestion with trypsin. The
alignment of the peptides was achieved by means of peptic
peptides. The peptide chain of CTT-I is comprised of 143 amino
acids. Position 98 is occupied by the aminoc acids alanin and
threonin in the ratio 1:1. In the figure CTT-I is compared
homologously with the B-chains of human hemoglobin., CTT-I is
longer by 6 amino acids than the monomeric CTT-III, but shorter
than the dimeric components of Chironomus hemoglobins,
sequenced so far. The physico-chemical properties, investigated

10’11, show a higher similarity with myoglobin than

by Gersonde
with hemoglobin. In comparison with the human o- and B-~chains
one can find 27 and 29 identical amino acids respectively, in
comparison with sperm-whale myoglobin 23 identical amino acids
are found. CTT-III and CTT-I have 62 amino acids in identical
positions. The homology is relatively small. The distance
between the distal and the proximal histidin (E7, F8) of CTT-I
ig 34 amino acids, that is 6 more than in the case of the

vertebrate o— and B-chains, the myoglobins and CTT-III. It

is suggested, that this increase of the chain length in the
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CIT I
g

10 20

Gly-Pro-Ser-Gly-Asp-Gin-I1e-Ala-Ala-Ala-Lys-Ala-Ser-Trp-Asn-Thr-Val- -Lys-Asn-Asn-G1n-Yal-
Val-His-Leu-Thr-Pro-Glu-Glu-Lys-Ser-Ala-Val-Thr-ATa-Leu-Trp-Gly-Lys-Val-Asn-Val-Asp-Glu-Val-Gly-Gly-
A B
30 40

-Asp-1le-Leu-Tyr-Ala-Val-Phe-Lys-Ala-Asn-Pro-Asp-Ile-Gln-Thr-Ala-Phe-Ser-GIn-Phe-Ala-Gly-Lys-  -Asp-
-Glu-Ala-Leu-Gly-Arg-Leu-Leu-Val-Val-Tyr-Pro-Trp-Thr-Gln-Arg-Phe-Phe-Glu-Ser-Phe-Gly-Asp-Leu-Ser-Thr-

C CD D

50 60 70
-Leu-As -Ser-I1e—Lys-g%xfThr—Pro-Asp—Phe—Ser-Lys-His-A1a—G]y-Arg—Va]—Va]—%%ifLeu-Phe-Ser—G1u-Va]-Met—
-Pro-Bsp-Ala-Val-Met-Gly-Asn-Pro-Lys-Val-Lys~Ala-His-Gly-Lys-Lys-Val-Leu-Gly-Ala-Phe-Ser-Asp-Gly-Leu-

£

80 30
-Asp-Leu-Leu-Gly-Asn-Asp-Ala-Asn-Thr-Pro-Thr-1le-Leu-Ala-Lys-Ala-Lys-Asp-Phe-Gly-Lys-Ser-His-Lys-Ser-
-Ala-His-Leu-Asp-Asn-Leu-Lys-Gly-Thr- -Phe-Ala-Thr-Leu-Ser-Glu-Leu-His-Cys-Asp-

T EF F FG

100 110
-Arg- -¢]a-Ser-Pro-AIa-G1n-Leu-Asp-Asn-Phe-Arg-Lys-Ser—Lgy;Va]—Va1—Tyr—LgH;Lys-Gly—A1a~
-Lys-Leu-His-¥QY-Asp-EE§}Glu-Asn-Phe-Arg-Leu-Leu-G]y-Asn—Va]—LEE;EEI}Cys-VaI-ng;A]a-His-His-Phe-G1y-

G GH

120 130 140
-Thr-Lys-Trp-Asp-Ser-Ala-Val-Glu-Ser-Ser-Trp-Ala-Pro-Val-Leu-Asp-Phe-Val-Phe-Ser-Thr-Leu-Lys-Asn-Glu-
-Lys-Glu-Phe-Thr-Pro-Pro-Val-GIn-Ala-Ala-Tyr-GIn-Lys-Val-val-Ala-Gly-Val-Ala-Asn-Ala-Leu-Ala-His-Lys-

H

-Leu

Tyr-His Homologous comparison of CTT I-and human B-seguence.
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EF-region leads to a larger heme pocket, as it is described for
leg hemoglobin (lupinus luteus)12 and is also postulated for the
dimeric¢ hemoglobins CTT-IIB and CTT-VIIB. Other differences in
the chainlength are likely to be of little importance for the
tertiary structure. In the AB-corner CTT-I has a deletion of
two amino acids compared with the B-chains and of four amino
acids compared with the a-chains, which is also found with
CIT-III. A D-Helix probably exists. Differing from the other
CTT-hemoglobins there are two deletions in the FG-region
compared with the human chains. In the GH-region exist two
deletions, in the HC-region one deletion is found. CTT-I is the
only component of the CTT-hemcglobins, sequenced so far that
has a valin in El1l1 as most of the known hemoglobins and
myoglobins., In all the other CTT-hemoglobins this functionally
important side chain is isoleucinlB. The distal and the
proximal histidin in E7 and F8 are present. The hydrophobic

amino acids of the heme pocket were found in CTT-I in the

corresponding positions.
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