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. . ABSTRACT

. . ~
& ) ‘Antifreeze polypeptides (A.F.P‘) were separated successfully from the serum of -
ocean pout Macrosoarces americanus using Sepnadaxl)c gel-filtration, QAE-
Sephadex and SP-Sephadex i hange ch togy and reverseplfase
HPLC. . P, s <
Y % . 3 S A
. . o 8 T .
N It was found that-the.ocean pout AFP comsists of a multiple family of at .
least twelve active components of nearly identical sizd (nhotu.OOO'dallpns).: ’ @
. . . 5 A
y which can be classified into two separate groups, named QAE-and SP; on_the
basis of their amino acid iti and their behavi aron i “ g A f
S Yo chromatography. i

A partial amino ncii.sequence of SP-1-A, orie of the major ocean pout, AFP,

was established up to 41 midues from-its-chymotryptic eptides Using & protein

s‘equenntor SP-l-A w;s compared with. two other major components, nnmely

SP-1-B and SP-1-Cl by’ yptlyd chymolrypno péphde mapping and amino acid

analyses., They shov\ d overall structural similarities with minor. differences.

- A ¢DNA coding for the biosyntheti precursor of one'of the oclfin pout. A.FP’—‘
- was isclated and purified from the plasmid pBR 322 in:E. aou HBI01. It_wus B
then cloned iato phage M13 mp8. The s'eguence of the cDNA was dctwmined by
‘the dideoxy chnyin_ lermi’n‘al_i&m method, It had uli‘lrap}‘lnat‘ed.;egiohs at both 3' nn.d{
5', and a coding region for a signal:peptide’ contajning 22 amino acid ‘residues ‘and,
a ma;ure polypeptide containing 65 residues. The ;eqlxenre/iyl the mature -

jd polypeptide matched the protein data from both SP-1-B and $PA1-C. The results




from both ‘protein chem)stry arid"molecular- biology showed lhal SP-1-A. SP-1-B
and SP-1-C have very similar amino acid compositions and seq sequénces with only
inor differences. For example, SP-1-A contains Ile and Ala at positions 53 and .

62, while both SP-1-B and SP-1-C contain respectively Leu and Val at the same

positions. SP-l C has an sddmonal Gly at its C'v.enmnal compared'to both SP-l-_, i
“~% Aand SP-

B.

The nmlno M‘ld analyses showed that SP—l A, SP-1-B and SP-1-C' contain :
" fourteen types of amino acids ith modest contents of -Ala and o] hal{-cvstme -
‘There is o obvious repeating structure in ocean pout AFP. These resulls,conhrm

that ocean pout AFP represent a new type of fish antifreeze proteins:

J—a. . Ocean pout AFP from individual fish caught in both winter and summer

d;-and-in-winter-months-from- NeuﬁBmﬂswichweremiynd—un"——
. . 3 .
reverse phase HPLC. The results did not show any significant populational or

“seasonal polymorphisms.
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Introduction

In the polar and subpolar régium a water temperatures can be as low as

-1.8°C (1), To survive in such a harsh environment, some marine organisms I|.|\|
R

developed various types of adaptation. The mo#t intriguing one is the occurrence

of a uu‘ique class of serum proteins. which specifically lowers the freezing

temperature of the plasma to a point that is below ihat of the surrounding water.

‘These freezing poinl-depressi{:g proteins are commonly known as antifrecze

proteins. |

In 1953, Scholander and colleagues first. reported a trichloro acetic acid-

soluble macromolecular substance in the serum of a northern polar fish whi:l‘h

J

. SN -
could lower the serum freezing temperature (2, 3). This substance. was found later

to have a proteinaceous nature. Since then, many speN}T of fish have been found

totontain these interesting proteins. Based on their amifio acid and carbohydrate

freezing point-depressing proteins-can be classified into two distinct

groups. They are antifreeze glycoproteins (AFGP) and antifreeze proteins (AFP).

1. PROPERTIES OF MACROMOLECULAR AFGP AND AFP

=

%)

ATl antifreeze proteins share the following characteristics.

1.-Their effect on freeiing point-depression is_noncolligative, that is, they
lower the freezing point much more than would be expected on the
basis of the osmolality of their solutions.

2. They show thermal hysteresis, that is, there is a difference between
the apparent [reezing and melting temperatures, with the latter being
equivalent to what would be expected from the osmolality of the
antifreeze solutions. :

3. Plots of thermal hysteresis versus antifreeze concentration are convex,



rather than linear, which means that Ihere is a saturation effect at
hlgher protein tontenlutlons

4. The overall freezing point-depression by antifreeze is the sum of its

thepiial hysteresis and the depression due to the colligative property of
antifreeze solution, the latter being minimal (4).

2. DISTRIBUTION AND STRUCTURE OF AFGP

'AFGP have beeh found in antarctic fishes, such as Trematomus

(5), in arctic fishes, like the polar cod
Boreogadus saida (6),’ saffron tod Eleginus 'rue;uh {7), and mo;e retenll_v}. th_e
tomcod M"""“‘“ lo‘meoé (8),"atlantic cod. Gadus r;lorhun (9), and Labrador u;d i
Gadus ogae (10) in Newlo’n“ndlnnd and Labrador. waters. The primary sln;clllres
of the AFGP [rom T MﬁMf@n’nh‘, D. mauwsons,-B. u-'d.n, M. tomeod and G.
morhua i:pve been well esablished (11, 12, 13, 5, 8, 9). “They have similar, if not
identical, structures. AFGP are a mixture of closely related components which
differ structurally in size and the presence of Pro and/or Arg in the smaller

 components. For example, the AFGP from both T. borchgrevinki and D.

mawsons consist of eight polypeptides, made up of a repeating tripeptide unit of ~

Ala-Ala-Thr with the disaccharide gal yl-N- Igals ine glycosidically
linke;:l to Thr residues. The inurnnl linkage ‘belwveen the sugar monomers is 1-3.
The tnpepude unit is repeated seventeen to “fifty umes. giving the eight
componenu of molecnhr ‘weights 2,600 to 33000 The smaller componenls 6-8

differ from lhj’BlggEr nn:s in the replacement of Pro for Ala at cerjain positions.

i

Similarly, in\M. tomeod, Arg replaces Thr im some.of the smalier components (8).
\'iscosil\ and circular dichroism studies on the AFGP from T. bduhgv‘lm‘nh‘



o B ”
suggested either an extended conformation or-a ¢ompletely flexible rnndnq‘\ coil
secondary structure without any indication of w-helix or ﬁ-str'uc;urv “13). More
recently, a careful CD study suggestéd a 3-fold left-handed helix K‘M collagen

type as the most likely-conformation of this AFGP (14).

A.n mtereshng observatiqn' has been the cnnperauv: rnncnon between AFGP
(15). The Pro-contnmmg smnller components (AFGP 7 md AFGP 8) exhibited

e — 5

weak antifreeze activities, but if one of t was ‘mixed with any of the active”

AFGP - the larger components (AFG 1-5), a very large (2:8 fold) potel}linlion of

antifreeze’ activity Had.been observex /It was also reported. that structural
similarity was necessary for the cooperative function, bevause the *antifeeze

activity did not potentiate when the smaller peptide was mixed with flounder

AFP (16). However, these observations have recently been disputed by other
\

(personal ication with Dr. Hew).

3. THEORIES OF THE MECHANISMS OF. AFGP ACTIVITY
. |

The so-called *interfacial mechanisi® is the mos{ popular one (3). The
main idea of this model is that active AFGP function/at an interfacial region
! i . N

* between the ice or ice-nucleus and the solution to inhibit the growth of the ice.

Some e)‘(perimen‘ul data supporting the model include:

. 1. The o-oxis growth of the ice was greatly impaired in the presence of

\ active AFGP (AFGP 1-8); in contrast, the a-axis growth was_normal
i in the presence of inactive’ AFGP (AFGP 7:8)~or a nonantifreez¢
glycoprotein. "This suggested that the activé AFGP shield the.ice

nucleus. - There were also observations that active AFGP became

pped* as ice growth continued (3).

2. Almost all chemical modifications on the disaccharide groups, such as,
* graded removal of the sugar side chain by gelimination, acetylation of



colleagues reported a major comp d froma §

the hydroxyl groups and positioning a negative charge on C-6,

inactivated AFGP as antifreeze reagents (17. 12). This suggested that /’

the role of AFGP disaccharide is to disrupt ice surface and that this'is
indispensible for the antifreeze activity.

-
Other mechanisms like-*liquid phase interaction® or *ice phase interaction®

have -also been lated,"the former siggesting that certain hydrophilic groups:

of the AFGP may interact with water molecules to disrupt the local tetrahedral-

coordination of the liquid ‘water,. and the latter suggesting that AFGP. can

somehow enter into some form of solid solution with water molecules and thus - _

completely alter the structure.and propertiesLB/‘he system from those of pure

water (3).

‘4. DISTRIBUTION AND STRUCTURE OF AFP “

Research carried out over “the past dechde has led to a further °
understanding of AFP. Umku’ now, AFP have been studied in four species of fish
(18, 19, 20, 21, 22). They are winter flounder P)cudapieummm\a americanus,
shorthorn sculpin Myozocephalus scorpius. sea mv;n Hemitripterus americanus

.and ocean pout Macrosoarces americanus.
‘ .

Ambﬂg these, flounder AFP have been studled in most detail. DeVries and

coworkers. reported three components of molerular weights 6,000, 8,000 and
12,000 in the AFP from flounder (18). At sbout' the same time, Hew arfd

hadex 'G-75 column,

of molecular weight 10,000 (19). Later, v‘hen the smgle 10,000 dalton component
was analyzed on reverse phase HPLC, it resolved. into at least seven components

— .
of molecular weights 3,300 to 4,500 (23). The two most abundant components®

B s e



No.6 (or A) and No for B), were 3.300 daltons each.” Different from the AFGP

discussed above, these two ¢omponents comprised nine déﬂm‘m types of amino
acids with Ala accounting for 60 mol ¢ (23. 21, 25). Both of these AFI® were 37
“residue polvpepndes tontalnmg three ele'» en nmmo acid resuﬁr repeats of Thr-

+ Ala-Ala- polar amino acid -Ala-Ala-Ala-. Ala A]a-Ala Ala. It is clear that the Ala

content m AFGP and the AFP frorn winter rlonr/der are similar inspite of tho h(‘l‘

that other nmlno Acxd composmons are dllferent and that A.FGP h:n(--v

disaccharides,, The difference between the A #hd B components in ‘winter .

flounder AFP was.due to the.r;placements (from A to B} in position 18 (Ly:

a),
pésiliqn 22 (GlusLys) and position 26 (Ala+Asp). CD studies showed that
*. Hounder' AFP possessed a large proportion (about 85"})‘0( a-helical conformation
in.aqueous solution at -1°C. Viscosity tudics at -1°C indicated an asymmetric

\

shape (26). . - =By

Flounder AFP ﬁre“synlhesized individually via larger precursors (24. 25).
were cloned in the plasmid pBR322 and their sequences were determined by the
method ol.Maxam and Gilbert (24, 25). The ‘preproprotein sequences of both
components are 82 residues long. Thv‘ ‘prepro’ parts of the two precursors are

. identical. Thé mature ;equentes of bol‘h Aand B components contain 37 amino
acid residll.es.A The difference between (;le two is at three positions as mentioned

- above. Also there are several s‘iiel!t changes in the nucleotide sequences encoding

the mature proteins (24, 25).

With shorthorn sculpin AFP, two components were deteted using Sephadex |

. '
“ Complementary DNA made to the mRNA of the A and B component precursors-



i
*

G-75 gel-rimmon and QAE-Sephadex (A25) ion-exchange columns with the major.
one (B) accounting for 765 of the material znd the mmor one (A) for "4“' of-the

material (21). The component B had many chatacteristics in common with

"flounder AFP, such as, size (a5 islimﬂ.e ob Sephadex G-75 column, about

10,000-11,000 dalténs), amino acid composition, the abundance of Ala (about 60

_mol %); thermolysinpeptide mapping and high o-helical content (about 58 at

1-1°C), but it had twelve types of amino acids instead of nine (21, 27). Recently.

the two most abundant componeﬂs (55-8; $5-3) have been isolated by Sephsdﬂ

G-"S column and reverse pha.se HPLC SS 8 and SS -3 are pol)peplldes ctntmmnv -

45 and 33 amino acid residues respecuvely. .Both “of these have blocked \'-‘

‘germinals‘(?ﬂ). The presence of three repeating.structures ‘of eleven amino acid

residues i sculpin AFP was consistent wi\h that of flounder AFP and supported

the idea that tlhey belong to the same gmup.ﬂ P

The AFP from sea raven, on the other hand. haves different characteristics
‘from those of the AFP discussed above. One major component was isolated 'usix;g
Sephadex G-75 and QAE-Sephadex (425) columns. The»male(‘/‘ul(r weight of the
component was larger lappro'x‘ima!ely 14,000-16,000). It coﬂn‘lrningé eighteen types

of amino acids with a high content of half-cystine (about 8 mol °j and only an

average amount of Ala (about14.4 mol “Z). Furthermore, it was sensitive to .

sulphhydryl reagents. ~Circular dichroism studies indicated the absence of a

signiﬁmn} amount of o-helix and a possible presence of gstructure.

- Immunological studies also showed that sea raven AFP does not cross-react with

antibodies raised to cither flounder or sculpin AFP (20).



AFP from winter flounder and shorthorn sculpin appear to belong to' the

same group, while—the AFP fromt sea raven represent another type of fish -

antifreeze polypeptides.

5. SEASONAL VARIATIONS OF AFP

With most\or the fishes studied, the overaﬂv freezing point-depression,
thenﬂ%l hysle(esis“‘and level of AFP ‘in the blood plasma show annual cycling with
the 'ma)gimai'in winter ‘and the minima in summer: - In Néwlonndland winter
flounder, Lbé maxi{g‘na appeargd from January to Aptil and the minima Jrun‘l Jul}'
o October when the water temperatures were -1.1 fo -14°C and 10 to 14°C,
res;;ectivel}_': .The AFP began to appear in the serum in November and
disappeared during,May when the water temperatures were 4 10 6°C and -1.0 1o
3.0°C respectively. There was very little or no AFP from May to November.
The above cycle of_the AFP correlated closely with that of the Newfoundland
* water temperature (20). . With another population of the same‘ species, the Nova
Stotianfloundsr, the AFP: level increased approximately one month later and
declined two months earlier than it did in its counterpart Newfoundland flounder.
This cycle also correlated clos;ly with that of Nova Scotian water temperature
(30). In shorthorn sculpin, the appearance of AFP in’ the plasma was _at

ew the same time of the year as lhai of Newfoundland rlounger. but the

AFP pp “Inle‘r than in N vloundland flounder. Significant amounts of
"AFP were still present in Newfoundland shorthorn sculpin during July when-no
s A s

AFP cqu.Id be' detected in. the plasma of the Newfoundland floander (2F).

Another population of sculpin’, the aretic, seulpin. however, showed that the

concentrations of AFP in the plasma, even during summer.-were comparable to

those obéerved in the plasma of Neu’foundiand sculpin during winter (27)!
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From the above observations, it.seems that the annual eycle ol the —\fP
_level is a common feature among the subpolar fishes. but thern is a tendency lor
fishes inhabiting more polar oceans to mninfam higher concentrations of AFP
even in summer and their AFP levels decline later than those/of less polar fishes.
This is an example of how biological organisms adapt t the /av'ironmenl. K

‘8. CONTROL OF THE AFP BIOSYNTHESIS

The annual cycles of thé AFP indicate that environmental factors influence *

.the appearance und the disappearance of the AFP from the plasma. . It has beeﬁ
found that photoperiod plays a major rolte in the timing of the appearance of the

AFP'(31). Long dly-lengths (>12h)" delsyed lhe onset ol‘ th sppearante of AFP

Water temperature affected only the rate or the dns-ppurnnce of the AFP (4).
Winter flounder maintained under long day-length had both & deﬁyed appearance
and s decreased accumulation of the AFP mRNA (32). It was found that (h«

pituitary gland regulates the level of AFP via *a negative mechnmsn

Hypophysectomized winter flounder continued to synthesize the AFP in summer
or under the conditions of warm water (6 to 12 °C) and long day-length (18 h).
while the sham-operated control group did ‘not (33). Another experiment revealed
that hypophysectomy of winter flounder resulted in the mcrus‘ in liver uughu
total liver poly A+ n\RNA and the AFP mRNA (34). It was also found that lhe
level of AFP_mRNA in winter flounder showed an annual cycle, similar to but
preceeding slightly ihlut nf’ AFP (35).  All of these results suggested that
photoperiod and water temperalllr!‘ may act as the initial cues for the control of
the AFP biosynthesis, while-n pituitary hormone mny‘ bethe mediator and that
the hormone may regulate |he AFP biosynthesis by chnng\ng the level’ of the AFP

. mRNA using a negative transcriptional control mechanism.



Evidence has been found that translatjonal control mechanisms operate to
. < :
optimize the production of AFP in the winter flounder (36). Total tRNA from
the liver-of-the-winter fish showed an a;)prnfim:nel,\‘ 40°% increase in Ala aceeptor
capacity over the tRNA from the summer fish: in contrast, lhc: acceptor capacities
for other amino acids showed ndseasonab differences. Biosyathitic studies

suggested that Alanyl-tRNA synthelue functioned best between 0 and’ 5°C which

- is the senvvster Lemperat\ne when AFP svnlhms oceurs. while Prol\l and Valy I-

tRNA synlhetases were mosl active between 20 and 30"( So the Ala lR\\
acceptor and the Alanyl tRNA synthetase both I'uncuon especi lly in vnnh-r to

increase the trnnslauonal efficiency of the AFP mRN»\

Recently, in winter flounder. three nonoverl’apping, chromosomal *regions
coding for the AFP have been reported (37). Each region contains two AFP genes
spaced from 3 to 7 kilobase pairs apart, But all of the three regions represent only
10-20% of the complement of this multigene family. One of the six genes has
been sequenced -and identified a5 a variant of the gene coding for the most
abundant AFP, component A. Jt _is 1.0 kilobase pairs long and contains an
;ntervening sequence of 0.6 kilobase pairs bnwee_n the coding regions for the bulk

of the signal sequence (presequence) and for the proprotein. /

7. POSSIBLE MECHANISMS OF AFP ACTIVITY i

. Concernin; the mechanisms of the AFP !u‘n’ction, no’ direct eyi'den;e is
available, DeVFies suggested a model ih which the whelical antifséeze polypeptide
oriented in such a wny that all the polar residues, like '}'hr and” Asp, were located
on one side, while the nonpolar residues, like Ala, -were:located on the other side.
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The'pol;l residues could form hydrogen bonds with the water molecules in the ice
llui;:z In other words, the watei molecules in the ice crystals admrbed the AFP
(38). The adsorption of the antifreeze to ice erystals rou]d roncenabl\ lead to an

’ increase in the surface area with only a small i increase in lhe \olume which could
cause ‘an increase m the snrfnce free energy. In-Grder for lreexmg to occur, the
energy musl be removed from lh! system and it would be done by-lowering the

- Iréezing tempeu_tuu. Th‘|s rnodel explained Alhe noncolligative lowefing of,

N he;zing lem})ernlure by AFP.
¥ ;

s v ‘ 7 .

. The model described above could not explain the hig!lhcomeal of Ala in
‘flounder and "sculpin AFP. The conserved eleven nmin(;r acid rrsidnalrepenl.

{ present in both flounder and sculpin AFP wl\if-h..hi\&.l high content of 'Ah, implies
that it may play a crucial ole in the antifreze. function.. A synthetic polypeptide

* containing _85 mol % Ala and 35 mul ° Asp nndoml) distributed showed
antifreeze activity (39). This nsllll strongly emphasized the role of Ala. On the

other hand, the sea raven AFP contains an nvenge amount ol’ Ala (14 mol ).

but a high half-cysune content (8 mol %5). This suggests lhal half-cystine may be

% involved}in the function. Therefore, sea ravenr AFP may represent nno;her type
: of mechmi;m. quncid'en\ly, another hall-cystine containing AFP was isolated
recently from the second instar I;rvne of .ii:e spruce budworm Chorigtoneura

-~ - fumi ferana. Like sea raven AFP, it only c‘en(nined a modest u.mount. o(\z\un (8
mol %5) (40). It was Ilrnteres.ting.zu.qhsenye tk’upl there was an im”munolg:gionl cross-

7 . teactivity between this AFP and the antibodies raised o searaven AFP (40}
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* 8. RATIONALE FOR THE PRESENT INVESTIGATION
Ocean pout (Mugrdxoofull americanus) AFP have been ((.nu.ul earlier by

eour laboratory to differ l:rom allof the Thr('!’ AFP types mrminnvd’:vlh:\‘m ()c'c-:m .
pout AFP - have at least elghl active tomporients uhn-h fall mln mu dNunl Lz
groups based on theu behavlour on. on- exdmnge chromalogmphy \‘hnl is, tlu-
CM-binHing’ group and the QAE-binding group f22). Aminq acid apnlyses showed"
that ocean- pout AFP co{ntain most, if not all,-types of amino acids wil‘Tme'ivs!» N
Ala contents and no half-éystiné at all. However, the amino, acid compositions of

" the peptides in one group were quite similar. The circular. dichrgism sprgira of
oceanpout AFP ‘at 0°C resembled the spectra from 'AFGP in the !ar UV regione

5~
_Unlike the latter, however, they exhlbned ﬂmmallc CD bands" in (ne 250-'500 nm

region. Under different denaturing c “ditions, the CD spectra of ocean pfml AFP -

were different, eg. a sigmoidal conformations] traféition when ‘Ieated to 60°
i * typleal spectrum of denaturdd protein with. 6M gianidine hydgochiofide treatracnt

. and a change-ovet to a-helical spectrum when lre’aied vyith SD% Txke.-n‘logelh;-r, .
” these results' indicate that ocean pout AFP has a. well dgfinbd::sec?)ndary and ,

4 tertiary structure, which differs from those of ‘the other knowg AFP (H‘)A © X !

.+ The level of ocean pout AFP also showed an annuat cycle. However, unlike
el z S g v

- t_he.three/species discussed above, ocean pout contained a significant amount-of .

© AFPeven in summer {22), e S . g

From the information above, it can be scen that occan pout AFP have many,
. ‘unique features and it has beeén suggested that they reptasent a'new type of Tish

AFP. . om0 oo
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L As a further step to unders(mnd’lh? structure and mechanism of action ol'
W " ghu‘se AFP a project \‘vas p]anncd M(h the folowing objegtives:
1. further characterization of the-multiple ocean pout AFP components
. with ion-exchange chmmalogmphy and reverse phase HPLC:  :
.
2. elucldmon of the prlmary stmcture of one of the major ocgan pout
AFP components using te techmques in protein chemistry: |
3 elucldauon of the structural re]auonshlp of the members of the AFP
hd fnmlly by pepllde mappmg and amino acid ana]\ses, e
N . 4. mvesugauon of the- strucuue ol’ the biosy n(henc precurmr[ ) of the
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Chapter 1 ) : <

- Isolation And f
Characterization Of
Ocean Pout, AFP

" Previqis wark carried out in our laboratory has shown that ocean’pout AFP

«can be ‘isolated and separated success[ukh by Sephad(-\ G-

chromatography, QAE CM, SP-Sephadi on-exchange chrom: hy and

analytical peverse phase HPLC (22). Ocean pout AFP can be divided into at leas

elght-acnve componenla of approxlmatelv identical size (about 6.000 daltons) by

the nbova procedures (22). 1n the’ present slu(h \eph:\dc‘( G- .S gel- hlvnnun

h Giiphy, 'QAE, SP:Sephiodex ioh-s¥ehaige ehromatogtaphy wnd

prepnrutwe reverse Pha.se }[PLC were used wuh some mudlh(.illnm and
‘improvements. The pumy as well as lh‘e seasonal nnd gwgr‘phu variations of

ocean pout AFP were exnmmed

1‘.1-. MATERIALS AND METHODS !
¢ Ocenn pout were tollected I» divers from waters around the Avalon
Penmsula, Newtonud]nnd and were kept at ambient seawater temperatures and

pholopenods Ser\lm samples were prepared by low speed centrifugation (4. 000 g

. o

x15 ‘min) of clotted blood and stored at -2

75 gelfitration .

gl




The procedure used for the puril’ice;unn of the ocean pout AFP i described
below. Afthough this is essenu:ﬂh lhe same as used before (22). modifications in
o the buffer systems and gradients were made. In addition. the C\M-Sephadex ion-
exchange chromatography step was omitted and the”HPLC' was used on both

i analytical and preparative scales.. L

1.1.1. SEPHADEX G-76 GEL-FILTRATION CHROMATOGRAPHY

Ocean pout serum {5 ml) was loaded on-a Sephadex -G-75 column (2.5 ¢m

LD..x 59 cm) in 0.1 M NH,HCO, bulfer. Fractions of 3 ml (or 50 drops) each
wers collected and pooled according to their abdotbance at 230 nm. Two peaks
were resolved The fifstone corresponded:to/most:al the'séFam proteinsand dhe
second peak contained nnllfree:e polypeptides as demonstrated earlier in our

‘laboratory (22). ; §

. Fractions corresponding to the AFP peak, were pooled. lyophilized and

rechromatographed oh the same columi once. The material was designated G-75

AFP. ;
1.1.2. QAE-SEPHADEX (A25) ION-EXCHANGE -
- CHROMATOGRAPHY

50 mg of G-7 ?AFP in 2 ml of starting buffer (5 mM Tris:| H(l PH 9.4) was

dul)sed against a litré of the starting buffer at 4°C o\l‘rmghl using dialysis

% “tubing (M:W. cut-off'3,090). After application of the sample, elution was carried
out’with the starting buffer. Fifty fractions were collected (40 drops or 2.4 ml per
° tube), then a linear gradient of 0 to 0.2 M NaCl in the starting buffer was applied.

_Two’peaks were obtained; the first-one was.the unbound peak and the second one

was named. QAEA.
' I



their hydrophobi

&

The two samples wére desalted on a Sephadéx 5 gel-filtration: column

(2.0°cm LD. x 25 em) equilibrated with 0.1 M NH HCO, buffer and lyophilized

1.1.3. SP-SEPHADEX (C50) ION-EXCHANGE. 5 &
CHROMATOGRAPHY o = ’
The unbound peak from QAE-Sephadex (A23) hy (50 mg in 2

ml) was dialysed against 1 litre of starting solution (0.01 M NaCl, pH 3) at 4°C
overnight. After sample loading, the column was washed with 0 ml of the
starting solution. A linear gradient of 200 ml 0.01 M NaCl. pll 3 and 200 ml 0.2

M NaCl, pH 3 was employed afterwards. Fractions were colected in 3.0 ml sizes.

Based on absorbance at 230 nm, 4 peaks were obtained and dekignated SP-1.

SP-2, SP-3 and SP-4 respectively. They were Iyophilized and desalted as: in
- 1 5
section 1.2. .
/
1.1.4. REVERSE PHASE HPLC

Separation of peptides by revefSe phase HPLC' is based on the difference in

es. With a solvent gradient of increasing hydrophobicity.

peptides elute from the column in order of increasing hydrophobicity. “The

gradient can be formed by increasing the percentage of the organie phase B (such

as CH,CN), while decreasing that of the water phase A

By . Sephadex G-75 gelfiltration and QAE. SP . ion-exchange
chromatography, ocean pout ABRP had been separated into 5 groups: QAEA,
SP-1.. SP-2, SP-3 and SP-i. They were analyzed by reverse phase 1PLC

respectively. SP-1 was further purified by reveise phase HPLC,



1.1.5. MOLECULAR WEIGHT ESTIMATION BY GEL-FILTRATION
HPLC AND SDS POLYACRYLAMIDE(SLAB GEL
ELECTROPHORESIS

It has been reported that, on gelfiltration by HPLC with a TSK-G3000-PW
column and an eluant containing 0.1 % TFA and 45 acetonitrile, the elution

volumes of proteins or_peptides were linearly related to the logarith|

molecular weights. This offers a rapid and sensitive method for l!;
weight atimatiiol polypeptides or proteins (42).
q ’ . 2

In l;he preseht study, Altex Spherogel TSK-BOE-_S_\V columns were used.
Two columns (7.5 mm LD em) were connected in series. The eluant used

was 0.1 % TFA in 45 % CH,CN with a flow rate of 0.5 ml per min.

A SDS polyacyylimide slab gel of gradient 9-25% acrylamide was employed
(43). A 3 % stacking gel was layered on thie top of the running gel. Samples were
mixed with 2 % SDS, 5.7% &-mercaptoethanol, 10Sé-glycerol and bromophenol

¢
blue, boiled for 3 min and then loaded on the gel.
e

ini!ially the electrophoresis was carried out at 60 V in 0.6 “¢ Tris. 2.88 ¢
glycine and 0.2 % SDS buffer. After the samples had entered the running gel, the
. voltage was increased to 120 V. Following electrophoresis, the gel was stained
with brilliant blue“(Coomassie R-250) and destained with methanol (5% _\'/\') and

acetic acid (7.5 G v/v).



1.1.8. AMINO ACID AND N-TERMINAL ANALYSES

50 ug of sample whre hydrolyzed in 200 4l of 6 M HCI at 110°C for 24 h.
The hydrolysis was carried out in a closed ampule which was initially evacuated.
Amino acid analysis was performed on a Durum Amino Acid Analyzer by the

Amino Acid Facility, The Hospital for Sick Children, Toronto. _
)

For N-lermmal analysls. 10 ug of sample were dissolved in 20 ul of 02 M
'\nHCO and 20 ul o! DNS-CI (2 mg/ml in acetone). After incubation at 37"( for
1-2 b, the sample was dried and h) drolyzed with 6 M HCl at 110°C for 12-16-h.

* Polyamide TLC 15 cm x 5 cm) was used to ldcnhl’y the nummm N-terminal

running (44).

The solvents used in TLC were 1.5 ¢ formic acid for the Ist dimension,
benzene: acetic acid 9:1 (v/v) for the 2nd dimension (Ist solvent), and
IS it
ethylacetate:methanol:acetic acid 20:1:1 (v/v/¥) for the 2nd diménsion (2nd

solvent). : /

2 .
1.1.7. MEASUREMENTS OF THERMAL HysTEgnéxs ‘CF OCEAN
POUT AFP - .

Thérmal hysteresis was measured by Q M. Il Kao using a nandlitre
osmometer (Clifton Technical Physics, Hartford. €T, USA).  Crystal growth or
dissolution was observed under a light microscope. The osmometer was first
calibrated with NaCl solutions of known osmolalities. The osmolalities of the

AN . -
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AFP solutions were then obtained and converted into thermal hystereses (T.H.) in

°C by the equation, T.H. (°C) = 1.856 x 16% x mosmol/kg.

_1.1.8. PURITY OF REAGENTS

Sephadex G-75, hadex G-25, QAE-Sephadex A257and SP-Sephadex (50

were purchased from Pharmacia (Dorval, Montreal). fieagentg for SQS

polyacrylamide gel electrophoresis, such as, SDS, acrylamide; ammonium

Iph TE‘MZED, b henol blue and- C Brilli_anl blue were
*Electrophoresis Purity Réagents' and purchased from Bio-Rad (Richmond, CA.
USA). Acetonitrile was *High Puri;y Solvent* and purchased from Burdick &
Jackson Laboratories, Inc. (Muskegon, MI. USA). All other c_hemicals were of

reagent grade. .

~ .

1.2. RESULTS - .

1.2.1. PRESENCE OF A MULTIPLE COMPONENT FAMILY OF
OGEAN POUT AFP

Earlier research from our laboratory had shown that the slower ‘running

peak from Sephadex G-75 ch raphy had antifreeze setivity and that when

this AFP (designated 11 G-75 AFP) was further fractionated by 'ion-exchange
/

chromatography and reverse phase HPLC, it was.resolved into -at least eight

active components (22).

In the present study, the G-75 AFP (Figure 1) was resolved into five groups.’

ie. QAEA, SP-1, SP-2, SP-3 and SP-4 on QAE and SP-Sephadex ion-exchange

chromatography (Figure 2). The G-75 AFP could be resolved analytically into at

_ "/" ‘ .



- .

Figure 1. Chromatography of tif ocean pout winter serum on a B.phl&u
G-75 2:1-(11&:1:10: column in 0.1 M NH:HCDG buffer at 4°C. :
The sample volume was 6 ml. The first peak had most of the serum
proteins and the second one contained the antifreeze polypeptides

(designated as G-75 AFP). (firet rum: . rechromatography B
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Figure 2. (a): Chromatography of G-76 AFP on a QAE-Sephadex (A26) column
in 5 mM Tris-HC1 buffer, pH 9.4 at room temperature. The column vas
eluted with a 0.0 to 0.2 M NaCl gradient in the same buffer. The first
peak was QAE-unbound peak, and the second one d
(b): Chromatography of QAE-unbound compoment on SP-!
in 0.01 M NaCl, pH 3 at room temperature. The column was eluted with a
0.01 to 0.2 M NaCl gradient, pH 3. The four peaks obtained wers
designated S5P-1, SP-"I,,SP-S and SP-4 respectively in order of elution

© time. ¢
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least twelve components on reverse phase HPLC (Figure 3). These results confirm .
an earlier suggestion that ocean pout AFP is a multiple family of closely related
.t
components (22).
1.2.2. CORRELATION OF G-76 AFP WITH INDIVIDUAL 7
COMPONENTS FROM ION-EXCHANGE
: w

CHROMATOGRAPHY USING REVERSE PHASE HPLC
‘ As shown in Figure 4, there was a good tolﬁrelnliomhetw‘een G-75 AFP and
peaks QAEA, SP-1, SP-2, SP-3 and SP-4. These'five fractions from ion-exchange
- liormatogrephy Gaild ssount 15 all s CorpEnSHE Sookn thE Co75 AFP @
analytical HPLC, 1;1dicxting that lhe. fractionation procedures were successful

Reverse phase HPLC alone can fractionate all the components separated by QAE
It appears to be the best way to prepare

and SP ian-jchsuge chromatography.

pure materials.
£
.2.3. CHARACTERISTICS OF OCEAN POUT-AFP

‘1.2
1.2.3.1. MOLECUi.AR WEIGHT ESTIMATION
On gel- hlmmun by HPLC wilh two TSK-3000-SW columns, the molecular

weights of SP2 SP-3 and G-75 AFP were nl] nearly the same. ranging from

around 5700 to 6,500 (Figure 5).

It was also found that the molecular weight estimation using TSK-3000-5W
A mixture of insulin, SP-1 and aprotinine was:
I

columns was quite reliable.

resolved into three peaks with aprotinine eluting Rl SP-1 second and insulin the
» "
i

last. *




Figure 3. Chromatography of G-75 AFP an reverse phase HPLC %rﬂ.cﬁ L]
TFA' at room temperature. +Samples e eluted with an acetonifrile
gradient as indicated and numbered 1 to 12 respsctively in

elution time.  The column used #Bondapak™ (7.8 mm I.D.-
x 30 cm) (Vaters). The flow rate was i ml/min. -

or of
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Figure 4. Chromatography of G~75 AFP, QAEA..SP-1, SP=2, SP-3 and SP-4

on reverse phase HPLC in 0.06 % TFA at room temperature.

The column -
gbndnplt“ C18 (7.8 mm I.D. x 30,cm) (Waters). The
other conditions were the same as in ét;un 3.
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Figure 5. Estimation of tHe molecular 'weights of ocean pout AFP on
;-l-tiit.ueiun HPLC. Figures (a). (b) and (c) are the profiles of G-76°
AFP, SP-2 and 6P-3 in 46 % acetonitrile (containing 0.1 % TFA) on tyo’
Spherogel TSK-3000-5¥ (2-x 7.5 mm I.D. x 30 cm) (Beckman) columns. The
flow raf 0.5 ml/min. Figure (d) is the plot of elution time versus °
Lg molecular veight. The standards were B (BSA, 68 kD.), C (cytochrome
C. 13 kD), A (aprotimine, 8.5 kD.), I (insulin, 6.7°kD), §:(shorthorn
wculpin AFP, 4.3 kD.), F (flounder AFP 3.3 kD.), IA (insulin A chain,

- 2.5 kD.). O stands for ocean-pout AFP. f

e
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By SDS polyacrylamide' slab gel electrophoresis. the estimated molecular
weights of the G-75 AFP, QAEA, SP-1, SP-2, SP-3 and SP-4 were all under 6,500

(Figure 6).
4

Based on these determinations, the molecular weights of G-75 AFP, QAEA,

SP-I{ SP-R,_si"--’i and SP-4 are all similar. They are between 5,700 and 6.500.

These values were in good with the molecular weights esti) d using
an analytical ultracentrifuge (22). o LY

1.2.3.2. AMINO ACID ANALYSE’S
Thre are ¢ least three components in SP-1, namely SP-1-A, SP-1-B e
SP-1-C (see Figure 4) ' Tlu were collected‘hom SP-1 and rechromatographéed
individually on HPLC with 8 lessseep gradlenl The results of the amino acid
analyses of QAEA, SP-1-A, SP-1-B and SP-1-C are shown in Table 1. \QAEA
SP-1-A, SP-1-B and SP-1-C all contained fourteen to {ifteen types of different
amino acids. Arg was present in QAEA, but not in any of the SP-1 components
# (SP-L-A, SP-1-B and SPL.C). The aininf acid compositions of SP-1-A, SP-1-B
"and SP-1-C were very simillr to each other. The fact that the Ala content is very

modest and that there is no half-cystine at all would suggest that unlike flounder

>
hnve an extraordinarily Ingh content of hxlf— stine (8 mol %), ocean pourfu‘P

AFP which have a very high content of Ala (:)y %), or sea raven AFP whith//

represent a new type of ﬁsh AFP. These results were jn good ggraemenl with the
, Previous observations made in our laboratory (22). ¢

resldues “for & given sample- was made in & rather arbitrary way. The average

<

{

L7

=
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Figure 8. Polyacrylamide gel electrophoresis of ocean pout AFP. Lanes
A, B, C, D, E, F and G corresponded to standards, G-75 AFP, QAEA, SP-1,
SP-2, SP-3 and SP-4 resp ly. The isted of ovalbumin
(43 kD.), chymotrypsinogen A (25.7 kD.), lysozyme (14.3 kD.), aprotinine
(6.5 kD.) and insulin A chain (2.5 kD.) (not stained).




Table 1. Amino Acid Analyses of the Ocean Pout AFP

-33-

(yield in nmol)

SP-1-A SP-1.B SP-1-C ‘QAEA
Asp 317(4)" 1.81(4) 4.60(4) - 15.76
“Thr 4.62(6) 3.28(7) 0.84(8) 1417
Ser 194(2) 0.80(2) 241(2)° 7.04
Glu 6.08(7) 2.42(6) 0.64(8) 14.82
Pro 5.24(8) 2.56(6) 7.10(8) 2144
Gly 3.94(5) 2.05(5) 5.58(5) 9.40
Al 5.21(6) 3.04(7) 73 16.96
Val 5.77(7) 3.13(7) 6.76(5) 2201
Met 412(5) 2.28(3) 6.06(5) 1371
Tle 3.62(4) +2.00:5) 5.46(5) 1058
Leu 1.69(2) 1.47(3) ~3.60(3) 16.12
Tyr 0.75(1) 0.62(1) 0.94(1) ‘223
Phe 0.85(1) 0.30(1) 094(1) 018
Lys 3.20(4) 1.75(4) 147(4) g
Arg . 5.80

- —~ ¥
Total (60) (63) (64)
MW. 6302 6571 6701,
) nmol/res.* 0.85 0.45 T 120

* The figures in ( ) indicate the calculated numbers of cesidues.

# This is the assumed average value of nmol corresponding to one rgsidue
in the caleulations, which was chosel
b 1 Lo

(sce 1.2.3.1.).

n to match the M.W. obtained by



value of the nanomole/residue (shown in the last line of Table 1) was chosen and
the integral number of all the residues calculated therefrom in such a way as to

obtain” maxi with the molecular weight data obtained by gel-

filtration HPLC and SDS poiyacrylamide gel electrophoresis (see 1.2.3.1. for

detail).

\ N .
1.2.3.3, N-TERMINAL AMINO ACID ANAL}S@

Dansylation test;“wefe carried out on SP-1:A,* SP-1-B and SP-1-C
‘ .

individually. No fl N-dansyl amino acids were detected on polyamide
plates after two dimensional chromatography using two or three solvents,

suggesting that the N-terminals of all these AFP are blocked.
v ' )
" The above observation was confirmed by the fact that the intact SP-1-A

component failed to be sequenced by the protein sequenator.

The same phenomenon was found with.shorthorn sculpin AFP whose N-
terminal amino acid Met was modified (28).
1.2.3.4. ANTIFREEZE ACTIVITY MEASUREMENTS

As shown in Table 2, all the twelve components (Jom C18 column.
chromatography (“Bondapak™) of the G-75 AFP showed thermal bysteresis.
The mt‘)st-uctive ones were No.4 (SP-\I-A), No.5 (SP-1-B), No.11 (one compone}ll
of SP-2) and No.12 (QAEA). :



& Y
Table 2. Antifreeze Actifities of the Ocean Pout AFP
° omponents s ATs
- Component No.
Activity 1 2‘ 3 4 e 6
mosmol/kg 8.3 133 26.6 106.6 153.3 53.0
\
T.H 0080 . 0080 0049 | 0200 - 0285  0.008
7 A < N
Comporient No. - e, W
Activity " 8" ] 10 1 12
mosmol/kg 31.6 38.3 46.6 36.6 76.6 103.3
G ; 0.059 0.071 0.087 0.068 0.142 0.192
T. H. (thermal bysteresis, °C) = 1.856 x 10" x mosmol/kg' 3

The component numbers 1 to 12 correspond to the [I2 peaks of the G-75
AFP resolvéd on reverse phase HPLC C18 column (Figure 3),

The-¥bove measureme* re made by Dr. M. H. Kao (see 1.1.7.).




1.2.4. COMPARISQN QF ©OCEAN POUT AFP FROM
b ' NEWFOUNDLAND AND FROM NEW BRUNSWICK
AFP ‘isolated from individual ocean ponl'nugh‘ in Newfoundland and New
Brunswick were analysed on reverse phase HPLC. The sera were obtained during

winter months.

" No slgmﬁum difference could be seen between the G-75 profiles of ocean

pout AFP from these  two locmons (Figure 7). The HPLC pmﬁles of bom

' nmples were found, by visual mspechon to be similar, if not identical, excepl for

lhe small peak elunng at around 25 min gFigure 8). This peak is highly unstable

' " 7" or unreproducible. Due to its low yield, it is impossible to determine whether it
- bas antifreeze activity or . Therefore, “there does not seem to be any
significant populational polymorphism. All the (welve‘indiVidual components are
ﬁresem in both 4Newfoundhnd and Nu;l Brunswick ocean pout and they occur in
somewlm similar ratios. Recently, AFP from winter flounder mhnbmng different
waters hnve been studied (45). The results oblm‘d from ocean pont in the

present ‘mvatigninn are similar to those from-that study.

1.2.5. COMPARISON OF NEWFOUNDLAND OCEAN POUT AFP
n: SUMMER AND IN WINTER . -
As mentioned in the introduction, ocean pout contains a ‘sign'iﬁunl amount '
. of AFP even in su'lg‘meh One question is whether the AP.‘P praducéd in summer
. “is the same as that in winter. '
.

\ ’ To answer the question, N:w!m;ndlnnd ocean pout AFP in jummer and

v o
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Figure 7. Chromatography of the ocean pout serus on a Sephadex G-76

column 18 0.1 M NH,HCO; buffer at 4°C. The sample volumé

vas 5 ul. Figures (a) and (b) aere the profiles of widhter n'nA
obtained from Newfoundland aad Nev Brunswick fish respectively.
run: ; rochrnutu;np\hy: )
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Figure 8. Chromto;rnpi:y of ocean pout G-76 AFP from Newfoundland
(Figure £a)) and Nev Brunswick- (Figure (b)) . The AFP wre pllrlMld from
winter s8rs on “Bondspak™ C18 (7.8 mm I.D. x 30 cm) column

(Waters) . The buffer system and t.h- gradient were t.hc same a1 in Figure
3. .
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winter were isolated and analysed on reverse phase HPLC individually. Figifre 9

shows that in both cases, the Sephadex, g##5 patterns were very similar. While on
reverse phase HPLC (C18 or, C3 ‘columnl,'om- or two c"‘mﬁ!}nonys out of the
twelvé had mghe‘r relative amounts in summer thar in wintet {Figure 10 :m«l-
Flgure 11), a8 deduced by visual mspecuon It is mmmm;‘m observe |h~\|)’

small peak eluting at about i7 min on the C3 column in summer corresponds to

the 'highly.:ntyble component appearing on the C18 column in winter, It

appears. that the contents of oceari pout AFP in both winter and summer are v

sin‘li}nr, even though the relative amounts of one or two components are highgr in

summer than in winter Thus the variation is quantitative rather than

qualitative. - ® Y e

1.3. SUMMARY g

L The present chapter has established that: ] &

1. Ocean pout AFP can be isolated and separated successfully by
aﬁbphwdex G 75 gel ﬁltmuon chromatography, QAE-Sephadex and SP-
1< hy and reverse phase HPLC.

2. Ocean pout AFP comprise a I'srml of at least lwelvv.-' active -
components of nenrly identical size (about 6,000 daltons)

3.-The amino acid compositions of some of the major componenu of
ocean pout AFP suggest that the group may_represent a new type of”
fish AFP. . s

4. Ocean pout AFP have no obvious populational or ~seasonal ’
polymorphisms as analyzed on HPLC. s
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Figure 11. Chromstography of the 6-7‘5 AFP of the Newfoundland ocean
pout from winter (Figure (a)) and summer months (Figure (b)) on reverse
phase HPLC in 0.056 % TFA. Samples were eluted with acetopitrile
gradient as indicated. The column Ultrapore RPSC C3 (4.6 mm I.D. x
7.6 \cﬁ__(hoehun). The flov rate was' 0.5 ml/min. *
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4 Chapter. 2

Structural Studies
On SP-1-A, SP-1-B And SP-1-C

From the studies in chapter 1, it is apparent that there are at least three
“distinct compunents in SP-1, namely SP-lA SP-l-B and SP-1- C (see Flgure 4),

with similar amino acid compositions.-

these three

Fnrther\smdies were carried out to
because their similar. amino acid-compositions would pmvideA the basis }::r lhe’
comparative analyses of their sequences. A partjal amino acid-sequence of SP-1-A
was established up to 4l residues. The sv..ructural homologies among SP-1-A,
SP-1-B and SP-1-C were compared by tryptic and chymotryptic ‘peptide mapping

|
as well as their amino acid compositions.
.

. 2.1. MATERIALS AND METHODS
The starting materials were prepared by Sephadex G-f5 gel-filtration

column, QAE-Sephadex (A25) and SP-Sephadex (! -exchange columns as

well as reverse phase HPLC as described in the previous chapter. SP-1-A, SP-1-B
and SP-1-C were collecled from SP1 agd rechromalographed on HPLC with a
Iess_ steeper grad_iefn. As' can be seen from Figure 12, they appgar to be distinct
and homogeneous.b i .‘ ’ ‘



. =

Figure 12. Chromitography of §P-1 on rovi:h phase HPLC in 0.06 X TFA.
Peaks wers eluted with an acetdnitrile gradient as ifiicated and
designated, in order of elution times, as SP-1-A, §P-1-B and SP-1-C,
respectively. The column was “Bondapak™ 18 (7.8 mm I.D. x

30 cm) (Waters). The flow rate was i ml/min. : ® .
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2.1.1. ISOLATION OF CHYMOTRYPTIC PEPTIDES OF SP-1.A
FOR EDMAN DEGRADATION STUDIES
1 mg of SPTA jn 1 ml 02 M NH,CO, was digested- with 50 ug
a-chymotrypsin at 37°C Tor 2 B(46). Then it was loaded on a C'8 reverse phase

HPLC column and the major peaks were collected.

r

Aliquots of the major peaks were bydmlyzed with 8 M HCI as described
before (see 1.1.8.) and the rcst.bt them were :ui;e‘ted to automatic* Edmnn‘
degradation on a Beckman 890C proiein seqnenat‘or using the 0.1 M Quadrol
p‘rognm in the presence of polybrene (Piérce Chemical). After conversion in the

“presence of 25 % trifluoroacetic acid for 30 min at 70.°C, the

phenylthiohydantoin derivatives of the amino acids were analyzed by reverse

phase HPLC using a Beck Standard PTH Identification kit.

2.1.2. PEPTIDE MAPPING AND AMINO ACID ANALYSES OF
SP-1-A, SP-1-B AND SP-1-C BY TRYPSIN DIGESTION
Trypsin (2.5 »g) and TPCK (0.25 ug) were added to ocean- pout AFP :
samples (SP-1-A, SP-1-B and SP-1-C, 500 4g esch) which were' dissolved
individually in 500 40 of 02 M NHHCO, giving the ratio of m'

substrate:trypsin:TPCK - 2001 . The sAmples were digested at 37°C for 2 h,

Iy{bl ized, and applied dlreclly on a C18 reversc phase HPLC column (47 48).

MI]OI’ components were collected and amino acid analyses were per{armed.
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2.1.3. PEPTIDE MAPPING OF SP-1-A, SP-1-B AND SP-1-C BY

CHYMOTRYPSIN DIGESTION
7.5 pg of a-chymotrypsin, 0.75 sg of TLCK and the sample of ocean pout
G .

AFP (SP-1-A, SP-1-B and SP-1-C, 1.5 mg each) were dissolved in 1.5 ml of 0.2 M

NH/HCO,  Affe digestion at 37°C for 2 b, the sampleg were Iyophilized Jand

--analyzed on a C18 reversé phase HPLC column.

2.\\4. THERMOLYSIN DIGESTION ON SP-1-A -

‘Phermolysin (1.5 ug) was added to 300 4g of SP-1-A which was in 100 ul of

0.2 M N-ethylmprpholine (pH 8.6) ining 0.002 MélClg. After digestion at

37°C for 3 h, the sample was lyophilized and applied to a CI18 reverse .phase
HPLC column (49). Qte major components were collected from the HPLC

column, and hydrolyzed With 6 M HCI for amino acid analyses.

2.1.6. PURITY OF REAGENTS -
Trypsin, a-chymotrypsin, thermolysin (Type X), TPCK and TLCK were all
purchased from Sigma Chemical Company (St. ‘Louis, MO. USA). The other

chemicals were of rﬁn'l grade. = .

2.2: RESULTS

. 2.2.1. SEQUENCES OF CHYMOTRYPTIC PEPTIDES FROM SP-1-

———

A -
Figure 13 gives the HPLC profile of the chymotryptic peptides of SP}1-A.
The amino acid analyses of the major peaks are shown in Table 3. The data from '

the protein sequenator are as follows:
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Teverse phase HPLC in 0.06 ¥ TRA. The sample was. dissolved in 6 % -

formic acid and then injected into HPLC column., Peaks were eluted
with an acetonitrile gradient &8 indicated and nupbered 1 to 14 fn
order of elution time. The column w. .“Bondlpn“‘ cis

(7.8 om I.D. x 30 cm) (Watars).; The flow rate was 1 ml/min. $
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Table3. Amino Acid Analyses of the Thy®otryptic Peptides,of SP-1-A £
yield in nmol)
‘cs c € ’ 6 a3 _
o L
Asp ua)” (m{u)' 1050 634(1) 27.51(1)
Thr Qo) 380(1)  Boo0)  5.36(1) 233(2) ~28.38(1)
Ser 000(0)  0.86(0) .s,ev(n 428(1) 0.00(0) f.éo(u) ,
Glu ) 0510 :;.|:(a) .w.rum' Ly wesy Lo P _».'
Pro 1 1260(1) -0.00(0) T Lao) -5.26(1) '1.20(1) 61‘.'27(:{ - ’
G- bqugu{ oally) 10741} 9302) ‘\‘En,nu) 52.65(2)*
Ala 188(1)  068(0) -m..um.\'\‘ 947(2)  030(0).  0.00(0) .
Val 2136(2) © 198(1) a1 1284037 1.681) ‘es.gsu)
Met 'o.luo(o) 18(1)° 419(1)  450{1). .0.00(0) T 0.00(0) -
" e 000(0) 0000} 90F(If  364(1). L40(1) IS
Leu o‘uu(o) 000{0)  000(0) " ‘o.oo(o) o‘,wm) ) u.miu;’ .
Tyr o.oo(q) 297(1) "0.00(0) 000(0)  1:40(1) 0.00(0)
Phe 0.00(0)  0.00{0) . 0.00{0). .o.no(n)v 0000)  250001) %
Lys ll.ﬂll)‘ 3?17,6(;). 093(1) © 0.20(2)  1.16(1)
Totah o o) ‘(io_) s
omol/res* 100 3507 750 . 450 -120

+ The figures in (§ indicate the calculated numbers
# Thigis the assumed average value of amol corte
¥ the calculations.
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part o{ Ccs and Cl is the C-terminal part of C9.

for sequen‘ce analyses.

.
C3 : Gln-Val-Aso-Thr-Pro-Val-Ala-Lys-Gly-Gln

C6 : Ala-Glu-Met-Ser-Gla-lle-Val-Gly-Lys-Gln-Val-Asn-Thr-Pro-Val-Ala

C5* : Ala-Glu-Met-Ser-Gln-lle-Val-Gly-Lys .
C4 : Met-Val-Lys-Thr-Tyr

C9 : Thr-lle-Met-Pro-Asn-Met-Val-Lys-Thr

3 : Glu-Gly-Lys-Thr* 1
[ .
These results were provided by Mr, S. B. Joshi who operated the protein
sequenator,

It is nuggested that C5 is lhe\N-lermmll part of C6, C3 is (he C-termmll

fh_e_ reason for choosing the above peptides for sequence analysés is that the

amino acid analyses of only these were clear-cut. and their yields were sufficient
. .

" The ¢DNA coding for one of the ocean pout AFP precursors (clone No.77)

<
has been sequenced, as will be discussed in more detail in the next chapter.

Comparing the partial amino acid séquences from «SP-1. 1A with the amino acid

sequence obtnned from thegueleoude sequence of the cDNA (Table 4), it seems
|

that C13, C§, and Cﬁiover 4 nmlno acids among the overall 65 amino acids.

The only difference betweet{lhem Is lhe replacement of an lie and an Ala in $P-1-

A to-a Leu and a Val in the cDNA sequencel at positions 53 and 82 respectively.-
B v !




v

<50
. Table 4. Comparison of the Amino Acid Sequence of Clone No
N and the Partial Sequences of SP-1-A
e T13
Gln Ser Val Val Als Thr GIn Leu Ile Pro Ils Asz Thr Als Leu Tar Pro
[ |k n"“ >he—Th14——>fe——Thtt—
— 13— “/p‘ - ™ -
Ala Met Met Glu Gly Lys Val Thr Asn Pro Ile Gly Ile Pro Phe Ala Glu
. F>—c1a —>—k———ct3——}>c6>
. . ———T——
——Thi1— { ) ———m3
T4 X e N1
Met Ser Gla Ile Val Gly Lys Gﬁ Val Asn Thr Pro Val Ala Lys Gly
= _ e
>cs —> »He—cs
—>—>cs—>—>—>—lcs4 (-
= ¥C3 ——r—>—>
—Tns—3
el

e—The—
F—m——ﬂ

.
(11e]

Ala)
n. ro A-n Met Val Lyl Thr Tyr Val Ala Gly Lyl
t—>+>—->—>—>cs

|—— c‘—»—ﬂ

* The amino adide in [ ] are the ones in §P- l-A which are dﬂhr-nt from
the corresponding onea. in tHe cDNA.



74

i
2.2.2. RESULTS OF THE THE#MOLYSIN DIGESTION ON SP-1-A
i
Figure 14 shows the HPLC. profile of the thermolytic peptides of SP-1-A
Thel‘e were 15 major peaks in the s‘ample (Figure 14(b)). After comparing with
the enzyme control (Figure 14(a)), the peak No.10 was identffied as the e.;zym'e
peak. From the amino acid analyses.of the remaining 14 ':‘;mpnner;ls, some of

them, namely Th3, Th4, Th5, Th9, Thll Th12 and Thl4 (Talﬂe 5), ma‘ched the
SP-1-, A’sequence These pepudes an included in Table 4.

-1
It should be mentioned that- because™df the possible’ cross-contaminations,

the ‘data in Table 5 rﬂ__a given fragment may show 'irripui-ities" wiich yere

neglected in nrrivin/g_ at the numbers of residues. Also the value of the average

*nanomol/residue was dictated by the partial amino acid sequence data on SP-1-A

and the nucleotide sequence of‘ cione‘NoJl %

2.2.3. TRYPTIC PEPTIDE MAPPING AND(AMINO ACID
ANALYSES OF SP-1-A, $P-1-B AND SP-1-C

;15(x|, the l.!yptic peptides of SP-1-A were

As it can be seen in Figure

resolved by reverse phase HPLC|linto 14 major peaks. The amino acid
compositions of six of these-are shu\_J  in Table 8. The data were analyzed'in the

same manner as described for the t|
were cnmpar;d with the amino acid
¢DNA (clo}:g No.‘)?)flnq the 41-res|
T2, T8 and T1 inSP-1-A covered

residues, Gly. and Lys, at. the C-ter|

err;olytic peptides (see 2)],2‘.!. These' data
sequence of Yhe peptide that is coded by the
d:e partial sequence of SP-I-A. T13, T4,
‘hervarnll seguénceﬁ the ¢cDNA Acept' 2

minal (Table 4). The results ‘also show the

differences Belw:en the amino acid s
E A .

equences of SP-1-A and the peptide coded by
% .

%



. "to 16 4in order of their elution times. Figure (a)
control.
x 30 cm)

— Pea” V

e numbered 1
the enzyme

‘The column was “Bondlpnk" C18 (7.8 mm I.D.
{ The other g wers the same as in Figure 13.
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residue in the calculations.
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Table 5. Amino Acid ,-\nn.]’vses; qf the Thermolytic Peptides of
SP-1-A
(yield in nmol)
; e
Th3 Thi Ths . The
Asp o.t;u(u)' -y 0.00(0) 0.00(0) e
Thr 751 0.00(0) 5931 153(1)
Ser ', ., 0.00(0)’ 0.00(0) 0.00(0) - 0.60(0)
Glu 5.48(1) 0.00(0) 3.88(1) 0.37(0)
l”ro 0.00(0) 0.00(0) 0.00(0) ‘. ooow)
Gly. 5.40(1) 0.00(0) * 5.95(1) ) o.uq(o;"
Ay - -—er 47401) 11.22(2) 6.54(1) b 23002)
vart 5.16(1) 0.00(0) 6:11(1) “o091(1)
Met 6,2)(0) ' oBu(o) 0.00(0) 0.85(1)
:Ile . 0.00(0) 0.00(0) 3.58( 0.00(0)
¢ ) .
L . do) 0.00(0) 0000) __0.00(0)
Tyr 0000) 5.14(1—~ 000(0) 1L06(1)
Phe " “0.00(0) 000(0) _ ° 0.00(0) ~0.00(0)
Lys sedn) 0:00(0) *5.83(1) 113(1)
Total , ()] - (3) A7) (8)
nmol/res. ¥ E st a.‘n 5:95 143
* The figures in ( ) indicate the calculated numbers of residues:
# This is the asssumed average value of nmol corresponding to one -

.
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. Table 5. Amino Acid Analyses of the Thermolytic Peptides of *
SP-1-A
~\ (yield in nmol) (continued)
J Yo “ThIL Thi2 Thi4 o s ~
Asp i 0.96(0)" 3.05(1) . 2.21(0)
\ i .
Thr 0.00(0) 431 2.20(0) .
- 2.84(1) 0.15(0) —-" * 0.36(0) - )
Glu 8812 - a2, . 0.200)
Pro' [0.000) 241(1) 5.33(1)
Gly 0.80(0) 3.16(1) ToaTn
y . 0.80( ' 7itl) B o
"Ala T4.53(1) . 0.89(0) © 2.63(0)- -
Val 0.00(0) 471(1) 0.70(0)
Met 377y - 380(1) 0.00(0)
[ I P
L Tle 0.32(0) 0.00(0) 9.86(2) o
Leu 0.2600) 06700 ~  0.96(0)
< Tyr~ 0.00(0) 0.00(0) 0.79(0) -
o > BT i
Phe _347(1) 0.00(0) } 0.00(0)
\ . =
. ~ Lys 0.00(0) t T 62(1) 0.55(0) - .
. 5
% Total (6) @ N
z . . o .
nmol/res.* 37 ) { L. 5.33 - .-

) |
{ * The figures in ( ) indicate the calculated numbers of residues.
——ﬂ This is the assumed average vnlne of nmol corresponding to one resxduv
in the calculations. .

- i . ‘ e et 7 sy 5 ! . i
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Figure 16. Chromatography of.the tryptic psptides of SP: (Figure
(2))."5P-1-B (Figura (b)) sad 8P-1-C (Figure (c)) om te o HPLC
in 0.02.M TEAP, pH 3. Peaks were eluted 'iih ah acetonitrile gradient
as ifidicated. The puh were designated in all three cises ng:ar«n;
to their order of elution ti respectively. The column
Ultrasphere ODS (4.6 mm I.D. x 265 cm) (Bu:lun) The Mo r:
nl/min. :
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Table 6. Amino Acid Analyses of the Tryptic Peptides

- [)"ivld in nmol) {
SP-1-A
CT1 T2 T8 TI3 ©TH
hd

Asp . 0.00(0)" 4.63(1) L8 213(1) (1)

Thr 4.94(1) 501(1) 1.95(1) 5963  2.60(1)

Ser: 0‘17(@' 0.23(0) ) 0.000) 1.97(1) ) 2.'05(1).

Glu: 0.00(0) 447(1) L7, 4633 30

Pro 0.00(0) 451(1) 2.30(1) 473(3) 7 3.442)

Gly 0.00(0) 0.71(0) 1.73(1) ~'2~37(1) ! 3.9712)

Ala 7.76(2) 442(1) -0.00(0) 2.9-)(2) ;.ﬂl(l)

Val 0.00(0) 751(2) L8y - 382(2) 3.402) -
" Met 0.00(0) 0.00(0) 3.7002) 5.05(2) 1.80(1)

Ile 0.00(0) .o.m(o) La :m(zi )

Les  0.00(0) 0.00(0) 0.00(0) 201(2) 4 0.000)

Tyr 3.49(1)  “0000)  0.000) 0.00(0) 0.00(0)

Phe 0o00)  0000)  ©.000) 0.00((;) ©oLe0) - L
Lys 0.00(0) 406(1) ey Lso(1® - 31801)
. Toul 4 ® (23) 18)

nmol/res.® 340 408 18 170 190

* The figures in ) indicate the calculated numbers of residues.

#LXhis is the assumed average value of nmol corresponding to one residue
in the calculations. .

. v
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Table 6. Aminp Acid Analyses of the Tryptic Peptides
; (yield in nmol) (continued)
" sP.tB
| T2- T T7 Ti0 , T ,
Asp Les8(l)’  100) :2:91(11 248(1) . é:eou.)'
Thr ) 2120)  4o(1) 2.91(1) 5.22(3) 3.0\|J)»
‘Ser b.qow) i 16.0010) 0.00(0) 1.5‘:(‘1)‘ 2.01(1) -
- Gn ’ 1:'72(1'1" 0820) v,'usu)_‘, 5(3) 4.502), R
Pro _'zsz'uu " p.sm’;)_‘- xz.izou:.l ’ 4.,54(:'5) K 2.73(1»2')._ .
Gl;f . 0.24(0) o.w(o)'“ 308(1) - ui‘{n - a0
 Ala 1.3}(1) 3.42(1) : 0.00(0) ~386(2) 2.55(1) .
Vil 442 43 2000  362) 4502 °
Met ‘ 0.00(0)’ o.‘gom)" 4’?20(2; 200(2) 2.00(1)
Nle 0.00(0) 600(0)_ e, i 0.00(0} __\75/,57(2) 5%85(3)
‘Leu vdoow) om(d)' 2:51(0) 201(2) 0.23(0) )
’i‘,\-r ool - 221(1)' " 0.000) . 0.00(0) b.oom
Phé ..~ 000(0)  0000) . - 0.000) 0000) 1 L&)
Lys 201(y) 0.000) 1.96(1) 163(1) 2.211)
Toul . (8) ) um' oy gx?-;sr%-f
nmal/us ¥ 201 34 248 170 2.21

* The figures in ( )md’cate the calculated numbers of residues.”
- # This is the assumied uven(e vnlue of nmol cmrespondmg to one resudue
in 1he calcilations: - . . .

@
&
)
#
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Table 6. Amino Acid Analyses of-the Try plic Peptides
(yield in nmol) (continued)

- . sp-xtc & oy e
(TR R S A . 1) CTu
~ - i . : » . : LI = L
L A9 ore Tomo): oo 193 L92(1) L)
™ pa0), wi(y o2am _Lséu)" ad L24(1)
S 0000 000(0) - 1200) -opo{o)” - l,gio(l)" L3(1)
alt .. Loy " 000(0) oloo(q‘) sy a.s;('é) ’
) B L7, 000(0) B 0.000) - ooof  3343) ‘7
LGl ) "-.‘l'u;oo(o)‘ 0.16(0y 301 2.07) ".’1:8(.)51) 2. .Z'(ii ’
. Al _ommg s 341 0000) ‘2.00(2) 1401
“ya c2sg 161 C 25 eedn) 2602 | 2700
Met 0.000) 00(0) o:oo(og oz - "2) 071
Le  oouo)  Oflg)  o.00m (;:D()[OJ 200(2) | :é.s.r.('.uh
Lt - o0upr ¢ 000(0) - 0o} 1.:39&1) _ame) - 0.00i0)
fe © oomo | oean) 271 o000 00o) - -0000)
" aPe . 0000) 000(0)  000).  0.000) F s 000(0) ' ol
Lys L) ~ o.oqw)‘ o) | uEol) . o.numi ©ogm
~ Total ® @t owm g 2 R
nmol/res) .1'.21' 165 S . 153" L™

1.24

* The ngurel‘m () md\cate the caloulated ‘humhers ol rébidues.
# “This"is the assumed avmge valygof nmol correspnn_dmpo one residue
. in the calculations.

“an
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No.77. The former nnzams Tl and Ala at pusmum 53 and 62 rupeclneh

whlle the fatter conmn’s(Len and Val’ respecuvely at these same posmuna The~e

™ . dx"c{ences bétween thé‘kw\? sequences were ldenucal to thnse obmmod ‘by the

study of the ehqutrypuc,dmgmon. oo

¢ Comp;
=4 obtained, by. reverse phase HPLC (see Flg'ure 15) showed th: ¢ these pepfs had a

“mv:.r';mn&énm For instaice, baséd of their elution fimes o HPLG, T2, s,

T13 nnd T14.in SP-1-A correspanded m'rz T‘l Tu)nnd Tll in SP- -B and 'I‘e,

T8 ‘T1g, and T11 in SP 1 C

. 2 \
» % . s
“Gpon cqmparing the ‘amino acid analyses of the trybtic peptides G SP-1-A. .

. P18 and SP-1-C (Table 8), it was séen that an: Ala and'an Tlein SP-1-A (T1
and T8) ‘replaced a Val and a Leu in $P-1:B (T3 and T7) and SP-L.C (T3 and
N T8) SP-1.C T4 hs: b‘eﬂound toybe umque ‘\elther SPA-A nor SP-1-B, show
any penks at the elutmn ume equal Ao that of SP-1-C T4 on the HPLC. The

amino acid annlys:s of SP C T4 showed (hnt ite contamed one residue of each ol’

=t The, Gly, Ala, Val and ’l‘yr ﬁ"he amigo acid compositions of Ihe remaining’ pc:llv!

were very similay.- ‘h! ter'.xc fragments of SP-l B nnd SP-l-C were matched

wnh the peptide coded by clone No 7, thus showing. lhat all, lhree pepudos

'.7'f- poueued close umnllmm They s'em to d|ffer only in that SP-1-C hnd one more:

- s
B Gly extended at |u C-termlpnl (Tuble Tenmuvolv, it can be concluded/‘lhnt
‘A SP-1-B and SF-l C have very slmllur mmpomlons and sequoncc: with
1 ¢
%
L3 . ° s e «

y the tryptic. pggtldv.- maps of SlerA SP-1. 1-B and SP g

P
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= Table 7. Alignment of the Tryptic'Peptides of SP-1zA-(A), SP-1-B
(B) and 5P-1-C (C) with the Amino Acid Sequence of Clome No.77

- -

Te— e SR - A
& R : 5 T10 . B
K : - == T10 c
NNt , -
Gla Ser Val Val Alas T§r Gln Leu Fle Pro Ile Asn Thr Ala Leu ﬁi’?ro
» < o "y ; ’ - : .
h ‘T13— ek : e 7
o2l o g o . B,
—T10 —— i1 —¢:;
'— Ala Met Met Glu Gly Lys Val Thr Aen Pro Ile Gly Ile Pro Phi Ala Glu
) ; e bt R v R
= LS T14 ) T2 S TB—A
i 0 4
T11 S T2 Mgy~ T7—B
< _.__._,;4_ —
; Tlir e T2 T8 C 5
N i L s

Met Sur Gla Ile V.l Glr Lys Gln Val Asn Thr ‘Pro Val Aln Lys Gly ols

. T8

ATy A .
-\ kyg —rie T3— + B c -
™ — NS 4—n C
Y : Y : iy
(I1e] (A1a) ,
; Thr Leu Met Pro Au Met Val Lys Thr Tyr Vll Ah Gly Lyl .

* The agino acids in [ ] are the ones in §P-1-A which are different from '
the corresponding ones in the cDNA, SP-1-B and §P-1-C..
/ o . o ’
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CHYMOTRYPTIC PEPTIDE JfAPPING OF SP-1-A, SP-1-B

ihcs : . " 'AND SP-1-C”- o g "\

" L 3 o
3 . «Thg achymoryptic peptides of SP-1-A, SP-1-B ai

g
SP-1-C! were analyzed -

_"on reverse phase HPLC in puallel As shown in Figure 1§ erela lot of :

slmllmues among them: . “

2.3. SUMMARY

- £ ’

1. The primary structures of SP-1-A, SP-1-B and SPA-C are very
_similar. This was shown by peptide mapping and amino acid,analyses N
of ‘both tryptic and chy-molryp;t digests. =] .

S|

L 2. The amino acid sequences of ~I-A, SP-1-B and SP-1-C differ in
three positions based on the data lrom both prolem chcmls(ry and
| molecular biology:

3 replltemenl oI an lle i in SP 1-A by a Leu in SP- -B and SP-1-C;

replZemnt of an AI in SP-1-A is\ a Yal in SP-1-B and SP- T C:
2
possession of A:,EJ? a Gly resxdue by SP—] C at its C-terminal

s compared to SP-1-A and SP- : .
. . ;
‘I‘hus it may be concluded that §P-1-A and SP-1-B are eich 63 amino
L acid residues lon; énd SP-l C is 6 residues Iong

»
., 3. Unlike the AFP “from ﬂounder and. sculpin wluﬂh contain repeated
Bo repeated can be in the amino acid

sequences of SP-1-A, SP-1-B and SP-1-C, suggesting that ocean pout

. AFP represent a’new different type of fish antifreeze polypeptides. o
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Figure 18. Chromatography of the a-chymotryptic peptides of 5P-1-A
(Figure (a)), SP=1-B (Figure (b)) and SP-1-C (Figure (c)) om reversse
phase HPLC in 0.02| X . pH 3. Pei re eluted with an-acetonitrile’
1trasphere ODS (4.6 mm I.D.
s 0.5 ml/min.




© 0.0

é 0
N

0.5L
0.4

0.3

0.2k,

0.1

0.4

U

20 | a
ELUTION

".

»

% ]




) Fy ,
r - L

. ) 1 ‘. :
: o © ., Chapter 3 - :
. Sequencing O%T'he : .
% cDNA Coding For One Of The

Ocean Pout -AFP Precursors
- L8 . \

.
Protein sequerice determination can-only provide the primary ‘structure of

the mature protein. In order to determine the'structure of one of the ocean pout

AFP biosynthetic p r hni of molecular biology were employed. ‘A

cDNA m‘ding for an ocean pout AFP precur&)r was isolated and purified from a
hybnd ‘ecombmnnt plasmid. This was then cloned into-| phnge MI13 mpS Thn-

I
sequence of the cDNA was determined by the dideoxy chain lermlnllon method.”

1. MATERIALS AN_D.METHODS L _ =
# A ¢DNA coding for an ocean pout AFP precursor was ;epared previunsli
w .. in our laboratdry using the same methodology s for winter flounder (24). ,The
. ¢DNA was inserted intogfle Pstl site of ﬁluXd pBR 322 by—;oly G-C linking. -
C Thi{_hybrid re‘comb‘mn‘:t iﬂnsmid was use;i to transform E. cotd HBIOL*




3.1.1. PREPARATION OF THE PLASMID DNA WITH THE cDNA

INSERT - ° ’ o : k‘
Alter screening, clone No.77 has been idenﬁﬁed as comainrﬁ/he DNA

codlng (ur an ocean pout AFP precursor It was cul')ed in 500 m] o[ LB medmm

- (10 g Difco tryptone, 5 g Difco yeast extract 5 g'NaCl and l g zlucose in a\nre of

water, pH, 772' at 37°C; 220 RPM overmght The cells ‘were harvested b)
cenln{uguuun at 6 K RPM at 4"(“fl’or 10 min, resuspended in 15 ml of 50 mM
Trls-HCl (pH 8), 25 % sucrose and digested with 40 mg of lysozyme at.4°C for 10
min, followed by addition of 2.5-ml of 0.5 M EDTA (pH 8) and mcubauon at 4°C
for 5 min. Then it was mixed slowly with 25 ml of 0.5 mM Tns—HC] (pH s), 62. 5.
mM EDTA 0.2 B Triton-X 100, Incnbalzd at 4°C for 10 min lnd recentrl!nged

At 30 K RPM at 4°C for 45 min with "brakes off*. “The supernatant had the

_plasmid DNA, while the pellet on the bottom contained the cell .chromosomal

+ g I
DNA. To get rid of the proteins in the supernatani; phenol and chloroform

* extractions- were ' carried out three times, with the volumes of - phenol and

chlorororm equal to that of the sample each time. Then it was centn[uged at5 K

2 A %
RPM for 10 min st room temp , nnhhe ‘wa.q precipitated

‘overnight at -20°C with one tenth volume of 3 M NaOAC (pH 5) and 2.5 volumes

of 85 % ethanol. The plasmid DNA was pelleled by spinning down at 5 K RPM *

for 30 min at 4°Cmth 70.% ethanol twice, lyophilized briefly and
resuspend!d in TE buffer (10 mM Tris-HC], pH 8, 1 mM EDTA). The }ampl!
was digested with DNA’m}-lree RNAnse'nt a concentration of 10 ‘ug per mi at,
roo temperature for 1h. & mlof the RNAue-lrented plasmid DNA was layered

on the Iop of 4 ml ol‘ 1M NaCl in TE buffer. nnd the 5 ml tubes were cenlnfuged‘
B .




“

at 40 K RPM 2t 20““5”5 h wsing a Beckman SW 50.1 rotor. ITht' plasmid DNA
1 B

sedimented to the béttom,. while the oligorihonucl«~‘»li(ln's remained in the

super:xtant (§0). \

.12, PURIFICATION OF 'THE PLASMID DI\IA - /J
The plumld DNA thus prepsred was found to be contaminated by thr cell
chromosomnl DNA, as shown by 0.8 % agarose gel electrophoresu A08 X low
meltmg pomt agarese gel was used to\unly the plasmld DNA. The sumple waa
mixed wn.h"ihe 8 x sample buffer (0.25 % bmmop‘henol blue, 0.25 % x}om‘
cyanol, 40 % sucrose in water) and- loaded on‘.n O.Sik';low melting point agarose

gel in TBE buffer (0.089 M Tris, 0.089 M boric acid, 0.002°M EDTA). Both the

gel and,the buffer con!s'ned 0.5 ug per ml of ethidium bromide. After.overnight
1 ele.ctrophoresls at 35 Voat 4"C the plumxd DNA Nell separated from l.he.

chromosomnl DNA conummnnts

*
.

Plasmid DNA was elect'meluted into a shieet of dialysis' membrane (Celluluse

Dulyzer Tubing, M. W cut—oﬂ 12,000, Fisher Smnnhc) mslde of a uough which

" was cut directly ig- front of the lendmg edge’ ol' (he pllsmld DNA band. 'l‘h(-

membrane trough was filled with TBE buffer and the eloclrophoresls was c_nrm-d

out at 100 V, until no more' DNA came from the gel. The currem. was reverscd

" for 2 min'at ,l@D V, followed h‘y loggollection from the b’" tmuzh

¥

Ip order to remove the ethidium bromde fmm the DNA wtrmyle it 'was
extmcted wnh an equal volume of 1 bulanol lhrt-e llmcs. Iolloucd by, phl-nul nnd

chloroform axtr lons (three times each) and Nhl‘l’ ex(rncuun Th(l D\,\ was

s

-



3 .
M . precipilned‘ overnight at -20°C with one tenth volume of 3 M NaOAC {pH 5).and *

2.5 volumes of 95 %5 ethanol (51).

The p(rified plasmid DNA was pure, as judged by electrophores)s on an

agarose gel (0/8%).
i . 2
3.1.3. ISOLATION OF THE INSERTED cDNA FRAGMENT

¢ The plasmid DNA was cut using the restriction enzyme Pstl. 100 ul of the
. ! :

« plasmid DNA were mixed with 20 4l of 10 x core buﬂp- (500 mM Tris-HCI, pH 8.

momMM}g;

water and digested at 37°C for2b. An aliquot of 2 41 was analyzed on a 0.8 %

500 mM NaCl), 30 ul of the enzyme (9 umts er ul) and 50 ul of

— agarose gel using uncut_pBR 322 as a marker, The gel electrophoresis showed

that the plasmid DNA was cut into two bands, indicmn.g that ‘the digesti&n'was

v

4\ C complete. . v\\ Y
Yo T~ Yo

The digest was extracted with phenol and chloroform to remove L§ enzyme
.« .

and then precipitated with ethanol at -20°C overnight.

A 5 % polyacrylamide slab gel was employed to |solnte the'insert. The gel
" llectrophoreeh wu carried uut al 150 V in TBE bufter at mom lemperature until -
. the xylend‘v:ynnol in the umple buffer reached the- bouom edge ol‘ the gel The

gel wu stnmed wn!h.etu?dmm bromlde (0.5 ug per ml). The DNA bnnd in. the

r ! . gel Wu cut oul \mder UV'hs l, lrnnstered fnto a dlalysls ‘tube nnd e]ectro»luled in

F o
SR ’ 05 X, TBE buller I‘or 2hat 200 V. The currcn( was reversed {or 5 min. Tho

lass- wool oxtracled “nh hulnnol phmo{

o
chloroform and elher .nd preclplmed unh ethanol at -20"(‘ overmghl ( ﬂ)

5 . smiple wps collected, fllered through

by




3.1.4. CLONING OF THE cDNA INSERT INTO M13 mp8

* 2. Aigation of the Pstl cut mp8 and the cDNA

" 1. Restriction Clavage of mp8 with Pstl

' 3.1.4.1. LIGATION OF THE cDNA AND M13 mp8 i

Due to the presence of Pstl sites on both ends of the ¢DNAQ, the vector.
mp8 was cut with Pstl as fell 4 ul of mp8 (RF form, 100 ng per ul)
were mixed with 2 pl'of Pstl (9.5 units per ul), 2 ul of 10 X7 core buffer >
and 12 4l of water and dlgested at 37°C for 3 h. v

.

W

, 20 ng of the Pstl cat mp8 were ligated with 52 ng of theWNAin 1 x
ligation buffer (70 mM Tris-HCI, pH 7.5, 7 miM MgClz; 0.07 mM ATP)

with 0.9 unit of T4 ligase in the presence of 0.1 mM ATP ay/16°C
overflight. A religation of the cut or linearized mp8 by itsell was
included to che(‘k the 'punty of the mp8 and the T4 ligase.

342, TRANSFORMATION OF E. Coti JM101 BY LIGATED MH

' mp8

1. Preparation of. the competent Cells of JM101 by C4Cl, Treatment

A freshly grown culture of 50 ml JM101 (absorbance (650 nm) about
04, in YT -medium which. had 8 g Difco tryptone, 5 g Difco yeast

B‘ extract and 5 g NaCl in & litre of water) was harvested by ¢

cenlnfugntmu at 5 K RPM for 5 min." The cells were resuspended in
20 ml of 50 mM CnCl,,. kept at+4°C for 30 min, rocenlnluged and
resuspended in 5 ml of 50-mM CaCl,. .

9

" Transformation through Heat. Shock Procedure

and 2 ng of the ligated mp8 were mixed Wwith 0.2 ‘ml of the
competent cells, incubated at 4°C for 45 min and then at 42°C for 2
min (heat shock); and ndded 104l of 100 mM IPTG, 60 ul'of 2 %
gal, 200 “ulof expononmlly grown JMI01'in YT medium and 2.5 mI ul
melted YT soft agar (6 g agar in 1 litre of YT medium). The mixtures #
were poured into YT agar plates (15 g agar in 1 litre of Y'T medium).
After hardening, the ‘plates were incubated at 37°C overnight. A ket
of. controls, such ‘as' the original RF form, mp8, linearized mmi\uml

. rehgnted mps were also included to transform JM101.
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38.1.5. PURIFICATION OF SINGLE-STRANDED (ss) DNA FROM

i .TBE COLOURLESS TR'A/NSFORMED PLAQUE§

After overnight culture, colourless transformed plaques were picked u;; from

“the YT plates, transfered to 1 ml.of.low Tris buffer (0.02 M Tris-HCI pH7:5, 0.02
.

M Na(l, 0.001 M EDTAD' dividually and a'drop of- rm was ndded The

samples were kept at room tempgrature for 1'h and stored at 4°C. -

It was found necessary to replate‘ the plaques to avoid ﬂn‘y _possible
confaciiaats dribliie phq‘ues ‘z 4l of the stock phage solution weré mixed with
10 4l of 100 mM IPTG‘ ul of 2 5 X-gal, 200 ul of exponenually gro\n JM101
io YT medium and 2.5 ml of melted YT soft"agar. The mixtures were poured
into YT agar plates. After hardening, the plates were incubated at 37 °C

overnight. . —
1

4
The purified colourless plaques were used for ss DNA preparakion. The

colourless plaque was picked up, transfered to an exponentially {grown JM]A‘
-

‘cultfire (1.5 ml, absorbance'(850 m) abn\l:,d, in 2 x Y'T) and incubated at 37°C

for § b with vigorous shaking. Then it whs centrifuged foqg,min to remove the

cell -pellet /and the supeinntant containing the secreted phages was allowed to
precipitate with 300 W of 20 % PEG (20 % PEG in 25 M NnCl) for 0,5 h at’

room AIter

at room lellinture'{or 15 min, lhe

supernntut was discarded and lhe PEG on the side wall of the tube Was remov ed

with a Q tip or . kimwipe. T> pellet was: resuspended in 200 4l of low Tris®

buffer, exlmled with phenol and chlorolorm, and then precipitated with ethanol /)

L 1)20/"2 0 ight Alter\ i (' the pellet was lyophilized briefly und(] *

. ) % ] » .

s
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5 ) "
resuspended in 50 ul.of low Tris buffer. 5 4l from it was analyzed on a 0.8 %

. agarose gel_inPBE buffer to check the yield and the pirity of the s DNA. o

T

i ' Usnglly, ten individusl plaques were picked up at one time.

& ;I
3.1.6. ORIENTATIONS OF THE ss DNA BY FIGURE 8
FORMATION TEST -

* 2 4l (out of 50 4l) of ss DNA fforh one Clone were mixed with that of -
- i '

.5, 100

. another clone invthe presence of 4 ul of buffer I (100 mM Tris-HCI, pH
mM MgCIz, 50 mM NaCl) and 1 ul.of buffer II (80 % glycerol, 1 % SDS, 0.2
bromol;ﬁl'enol blue) in a capillary pipet. "It was boiled for 3 min: incubated af
65-67°C fpr 15 min, slowly quilibrated to room temperatuse ia a 10 ml water

bath in about 20 min and analyzed on a 0.8 % agarose gel in TBE buffer in '

parallel with ss DNA and RF mpg. .
. P
/o 8T PRELIMINARY SCREENING OF THE ss DNA BY SINGLE
& ~LANE TRACKING oe
2 : . &
. This was the way to check the identities of individ‘um_l ss DNA, using
2 % ) ¢ N .
essentially the same experimental procedures as those for DNA&'qnencing (which
will b'e’disclisqey in mure‘de’lail in the next section) ekcept that only a single ¢hain

terminator (ddG) was incorporated and that different samples were analyzed in

ﬁar’nllel on a DNA sequencing gel. Clones with the same sequences would give the

& . Y
. *same G band patterns. N
~- s » ' 5 -~
t .
"y, ) P \/
’ o . —
. .



~ '65-67°C for 15 min m{:l equlhbraled to room tempcnlure ina 10 ml avater bath

: parts in Eppendorf(l 5 ml) mlcrgfuge tubes, envh of which contained a mx\lnro nr 5 \‘
.

e . . I .

3.1/8. DNA%NCING BY DIDEOXY CHA!N TERMINATION

METHOD Lo 4 .

3, 1.8, ANNEAL!NG REAc;prN OF THE PRIMER AND THEss *

DNA TEMPLATE e —_— i » -3

The ss DNA prepared above.was used s a template in the' reaction. At \

first, a test. V{l‘s set to determine the optimal ratio of template to primer using

varying, concentrations. of {he primer_from 0.5 4l to 3 l, 5 ul of template, L ulof |
-~ b ! :

. 10 x Hin buffer (68 mM Tris! HCl pH 7.4, 66 mM ﬂ-me}can’lceihmﬂ:] 0.5 mM

NaCl) and water to| mkke uftotal volume ol 10 ul. The pnmer used was 15 ba.wq

long: §' CCCAGTCACGACGTTG‘ 7 s ey

‘The actual ion of titemplate was not TRY its

small nmmmt The concenlranon of “ikie” pnmer [ohtam?d ﬂ'om :\nnlher ‘
i+ 3
Inhorntory) was unknown either. The |mpor't,nnt factor is their ratio which was

optimized. ’ . o
LI . N

The nmples were senled in capillary plpels hm]ed for 3 min, mcubaled at

mubout%mm § & ) . ‘w i

8.2. GHAIN EXTENSION nmc’nous
To an annealed mixture, 15-20 yCl of [a-“"‘P}dAT\’ (3200 mCi per mmgle in
{ricine) and 1 4l }M{ M dATP were ndded. The soluffon was divided into 4 __

dN'TPs and one ddNTP DNA polymerue (l\lencw fragmonl) (14l 02 unu] volu / L
i
added to the side mll of p\nch tube, and lhe n-uvhnn was il!fl(‘(. by bnef“‘“

‘ -~

- ‘4.‘«7. i s = . CoaN
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. i
centrirugation to mix the reagents. After slandmg at foom (ompnrnmn rm I,- .
. * min, l ul of 05 mM dATP was added to each |ub|.-. nnd mon after ) furﬂulr |> ;
min each reaction was smpped by the addition-of 9 ul uf stopping: \(']nllnn (d 34

bromopheuol hlue, 03 % xylene cvanol IO’n\l EDTK pll & in dmnnmd )

llorrnamlde) . L = T e
. . L " . e
N The reaction %ixmres were identified as Amix, Tmix, Gmix nml »(‘mix
-
- dependmg on wﬁether they contained ddATP, ddTTP, LddGTP or dd( T!’ 1h1
dl\TP mu(t\lres used in these reaﬂlons !’e dl"erem and had: (hv h)lln\\mg
% & composxtom - . / e
" . Amix. Tmix */  Gmix ¢ Cix
4 : oo . . 54
P 0.5 mM dTTP Y tul 154 N
: N o i
N |, 05mMdGTP 0 15, L 1, g
N > ;8 et RO
\, 0.5 mM dCTP*~ 20 ul 1Bl 7 15l

‘lFx ul . ’l-"»)ALg & k

10 x Hin buffer L0
N . €

w s 1 .
The concel{tratiugé of the ddNTP-solutions were: dUATP, 0.2m\; ddT'TP,
N ~ImM dd(.\\:‘q mM; ddCTP, O4mM. Preliminary Yésts weretmade 1,
determine t)e umnl volume ratio of ench dd\"l‘P [t) its nppropn&w xl\ll'
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3.1.8.3. GEL ELEGTROPHORESIS L
The DNA sequencingigel was 6 % polyacrylanfide in TBE buffer containing
8 M urea (Bis | acrylamide = 20.11)._ A 3 % gel wasaboused,” © © f

In order to uvoid. the phenomenon”of *smiling face*  in the gel. a sheey of

aluminium plate (3 mm thick) with size similar to that of the glass _'p'l\:il;-s was «

attached to the ou'tside glass,n]n\' o ’ | -

2l of each tension reaction was loaded on the gel after it hnd been boiled

for 3 min. Four extenslon reaclwns of elch lemplme were nnalvzed on the gel in

parallel ‘at the same time. .‘The electrophioresis' was cartiéd out at a constant

current of 25 mA which required a voltage of 1,200 to 1,400 and gave a gel

surface temperature of around 80°C.

Three loadings were made which ran for 2h. 4 h and 6 h respectively.
i w

- 3o 5 ~ . .
As soon as the electrophoresis was finished, thie gel was transfered to a sheét

ul 3'MM Whatman paper. covered with Saran Wrap,.dried on a gel dryer (Dual-

Temperntnre Slab Gel Dryer, Mod(l SE 1125B from Blo-Rad thoratonesi nnder

reduced prossure at 80°C for 45 mm and d at -20°C igh
using Kodak' X-ray film {X-Omat RP hlm, XRP-1). The film was developed next
morning _nnd the sequence was read from it (53, 54, 55, 56, 57, 58, 59).

—_— b

i
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3.1.,9. PURITY OF REAGENTS
;% All the glassware and solutions used were either auloclavvd‘-or filter-
* sterilized. Tryptone, yeast extract and agar were purchased from Difco
Laboratories (Detroit, MI. USA). Lysozyme, IPTG xand’ X-gal were from Sigma
- Chcmi;;ﬂ Company (St. Louis, MO, USA). Agatose (Ultra Pure DNA Gm‘de],
bromophenol blue, xylene cyanol FF- and .the chemicals. for polyncrylnmlde el
electrophoresis, such as, acrylamide, Bis, TEMED nmmomum per:ulphnte, wek

P
“'Elecnophoresrs—Pumy Rehgents' and purchased from Bw—Rad Lnboratarles\

.(Rlchmond CA. USA) RNAase. and T4 ligase were from Boehnnger Manoheim
P Gran (West Germ:ny) Low mellmg point agarose (Electrophnruls Grade), urea
) (Ultra Pure Entyme Grade), Pstl DNA polymerase (l\l;;w lragment), RF Ml3

mp8 and ADNA-Hind HI markers were purchased from Bethesda Research
Laboratories, Inc. (Gaithersbirg, USA). The 15-basé primer for DNA sequetiin

was from Pharmacia P-L Biochemicals, Inc. (Mi WI. USA) and the

’[a-azP] JATP was from New England Nuclear~(Boston, MA. USA). All the other ! ”

chemicals were of reagent grade.

3.2. RESULTS "

g

3.2.1. PURE‘IGATION OF THE PLASNm) DNA v . ~

Flgure 17 shows a comparison of the impure pInsmlfDﬁA and the punhed

plasmid DNA on a 0.8 '% agarose gel-in 1 x TBE buffer. The puriﬁcntion was .

successful. N : L
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543 21

—origin

Figure 17. Analysis of the unpurified and purified plasmid DNA on a

0.8 ¥ agarose gel in TBE buffer. The electrophoresis was carried out at
30 V overnight. Lanes No.1 and No.3 were A\DNA-Hind III markers.

Lanes No.2 and No.5 were the purified and unpurified plasmid DNA
respectively. Lane No.4 was E3 plasmid DNA. Positions A and B
correspond to the cell chromosomal DNA and the plasmid DNA

respectively.
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_  3.2.2. THE SIZE OF THE INSERTED cDNA =

- . . Y
* Figure 18 shows>the plasmid DNA ‘which had been digested with Pstl at

37“0 for 2 h in plflll;l with the ADNA-Hind I mrkels. and the undigested

“plasmid DNA® o P =
. Figure 19'shows the pure ¢cDNA fragment on a 0.8 %-agarose gel in TBE
“buffer in plnllel ;vigh ADNA-Hind III markers.

F Froln Figure 18 and Figure_ 19, it nppuh lhnt v.he cDNA !ngrnent was a bit
smsller thln the 560 base palr l'rngment in xDNA Hmd m ma;kers. as indicated
by Lh: fact that it ran lh;htly l‘lste( than the SM bage pnr !ragment

— 3.2.3. RESULTS OF cDNA §EQUENCING

twenty

_Figure\ﬂ_:l shows the purity of some of the singk-st_rin'ded DNA o-n 2 0.8°%°

agarose gel.

By *figure 8 formation®. test (Fig\n-e 21), and G lane tracking, it ‘w-u shown
° ’ that ckmu r;\oz No ll No.13 nnd No.15 were the same \v:lh poly G tail,while
clone No.8, No.12 and No.16 were shown to be the same with poly G tail lnd the

_first and the second groups werr; complemenhry to each other.

- - & ~ : s %

The results from the ratioing tests of the primers tﬁl}\emplntu showed

" that 2 ul of primer and 5 4l of umplnle were the optimal pair. qlmlln‘ly. the
tests checkln( the ratios ,of ddl\TP to dNTP mdm\!ed that the [ollowmg pairs

were the optimal ones:

plaques were picked up. B

i

.
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origin
——plasmid DNA

— inserted cDNA

Figure 18. Analysis of the PstI digested plasmid DNA on a 0.8 ¥ agarose
gel in TBE buffer. Lanes No.1 to No.4 correspond to ADNA-Hind III
markers, ADNA-Hind III markers, sample after digestion and sample
without digestion respectively. The gel electrophoresis was carried
out at 90 V for 1.5 h



Hind-1ll
sizes(bp)
origin
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-\2028

— 564

FIGURE 19. Analysis of the cDNA fragment in parallel with >DNA-Hind
III markers on a 0.8 % agarose gel in TBE buffer. Lane No.1 was the
ADNA-Hind III markers, No.2 was the cDNA fragment. The gel was run
at 90 V for 2 b
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abcdefghi jkimn

— origin

Figure 20. Analysis of ss DNA of the cDNA on a 0.8 ¥ agarose gel in TBE
buffer. Lanes "a to n" correspond to clone No.2, No.2, No.3, No.3,
No.6, No.6, No.11, No.11, No.12, No.12, No.16, No.16, No.20 and No.20
respectively. The gel electrophoresis was carried out at 90 V for 1 h
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abcdefghijklm

origin

Figure 21. Result of the figure B formation test. Samples were

annealed with clone No.2. The lanes "a to m" correspond respectively to
ADNA-Hind III markers, mp8 (RF), clones No.2, No.3, No.11, No.13, No.15,
No.1, No.5, No.19, No.6, No.12 and No.18

The gel electrophoresis was
carried out at 90 V for 2 b
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A mix—-- -T mix G mix C mix
dd NTP 0.40 4l 1.00 ul | 1.00 4l 0.66 ul . -
- | e e
& d NTP 1.60 ul 1.00 4l- 10041 1344 ' .
% LI . —_—
- They were choun for and reactions respectively in the
El uquenclng expenments H
= % |
: \,
Clones No'2, No.11 and. No 12 wernequenced Figure 22 shows part of the
X-rny Illm of a' uquenclng gel r‘gm Llone No 11 From compunsons with the
b % !
wm— * “ protein sequence dntl m chnpter 2‘ it was seen lhnt'clcnu No.2.and No.11 started
from the S' end whlle clone No.12 surted from the 3' end. The direct reading
from’ the sequenung Jgel of clone Na 12 was convened to he complementary
counterparts (A-T, b-C). There was ‘an overlapping region of about 20 bases
|
between clone No.2 (or 11) and clone No.12 (Table 8). LN,
4 N | =8 :
. From Table 8 we can'See that: | :
. The ovérall sequence obtained, ii the present study is 539 bases with a Pst |
site CTGCAG at both ends. Next to the Pst I site, there is a poly G region
[hexadecamer) at 5 end and Ajpoly C iregion (eicosamer) at 3' end. Therefore, the
o
]
o size of the cDNA estimated by 0 8%  agarosp. gel electrophomn was quite close to
' its actual size. E Lo
= . PR
/ Lt -
J' . The ovenllqeq\xence mcludn A.codmg region of an 87 amino acid r(-«dm-
N / .
/ precursor for an ocean pou'. AFP, md }wo untranslated rcpons ats' nnd.s l-mk
." . . .. | --
: °
. |
. \l - .- .
. - v \
| LS
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'_ﬂn" 22, An‘r.nrldlu(rlph of part of the icq\uncin; gel from' clone
No.11. The four ch;nnlll. A/ T, G and C, correspond to the four,
4

‘% indicates the ourhpping nuehor.ld-
nqnnn bcb‘nn the first a®l the second loadings.




AGcc
ACAGCC
ATG

ié
ACC

GTGTCG

GTCCTCCTTT

GCTCTTC

AACCGGTTT
ATTTT

AAGTCCGTT
ATG
AGCC

AC

AGCC

AAGTCTC
¥AATT
AATT
ATT
®AATT

ATGC

Ist loading

-92-

¥AATT

AATT
ATT
¥AATT

AATT
AATYT

ATAATT

ATCTCCG
TTCG

GGGGGGGG

GGGGGGGGG

ATGC

2nd loading



Table's. The cD\—\ Sequencedf Clone No.77 and lts Amino Acid
N . Sequence .

% .-,vTTGG'CTGCAGGOOGGGGGGGGGGGGGTTCGAT‘

PstI ' e P -

,. 3, d o
CTCCOATAATTAKTTAATTAATITATTAATTAATTAA

. -
s o e - STOP

v sop . - sToP

IatLylEl:VllIllL-uTh‘r

C}CTTCGTCCTCCTTTGTGTCGACCACATG

\

ajluuccs-r’olnI1.v-1olyx.yos,lui_-u'-u'ri"r';_




CAAACATG

To- T ¥ ) 5
ProV-‘X_AllnLy-‘G1yclu1‘hr).-‘n-lozProA-nSc_n

v o
16 (sps1-03:

o ; Co .
TGCCAAGGAGCTTCTTCCCAAAACCAAAAGAAGAAN

TGCCCCCTCTCACKATTAKCCTTGTITTT:GTCACAA

s i i . 5 o,
Accca‘ncrc,'ra'rcc'uu»A'ra'HAAcT’oAA_cA'rc‘rcA’k
- -

"AACCTGTGGAGAOIGGT&AG'ATTTGATGGTCTGAAA

-~ P

AﬂATAAAGCCTATAAATCCCCCCCLC‘OCCCCCCCCC

caAcaT'co"u'rTc_oAA.- ’ v

Pet I . g = s B

. e 1nd1cnu v.ho ovetlapping Tegion of clone No.2 nw m =

(for details ses 3.2). ‘ .

. . . g "
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// mentioned in the prevlous-chapter. the arnino acid sequence of SP-1-A
“\matche} the cDNA coding sequence closely except for two replacements. In one,

- an_lle gt position 53 in SP-1-A is replaced by a Leu in the cDNA, and in the

ot‘hewn at position 62 in SP-1-A is replaced by a Val in the ¢cDNA. On the

{ . . -
—otherhand, the cDNA sequence matches the amino acid compositions of SP-1-B

e f“” .‘ and SP-1-C closely, as mentioned in chapter 2. The- differencé between SP-1-B
‘ . h . and SP-]-C is d\lefto the presence of on_evmore Gly at the -C»lzrmiuaul end of SP-[-
el ey T e
"a;a;sﬁMMA}}Y S =

Several poi;ts can be summarized from'Table 8 and the previous chapter:

¢

. L Ocean pout AFP are synthesized via large precursors. ’ A

2. The ¢DNA coding for ocean pbut AFP components SP-1-B and SP-1-
C includes an 87 amino acid residue coding region and, two
untranslated regions at both 5-and 3' ends.

3.The 87 rwdue coding regnon consists of a 22 amino acid residue
presequence and a 65 residue mature pro(e)n The” “presequence which
* starts at Met is rich in hydrophobic amino acids, such as Leq and Ile.
‘The mature protein region starts at Gln and ends at Lys. There is no
prosequence in the biosynthetic precursor of ocean-pout AFP (personal
communication with Dr. Hew) -

B Ll

o ¥ . 5 )
.+ 4! Post translational modifications may be, involved in the'synthesis of

X # the AFP, as indicated by the fact that altof SP-1-A, SP-1-B and SP-1- - w

- -’C Tack at their C—lermlnnl ends Lys which is present in the cDNA .

R T sequence
o~ ‘.‘ o 5. SP-1-B and S -1-C differ I‘rom each other in that the latter has one
M s ’ C-termmal end, which m;y alsn be explained by a post
. B modlhcnuon . -
e Y ; 8
o - © 6y SP 1-A differs from SP- l‘B and‘SP-1-C in that one Ile and one Ala in
% M, 8 “SP-1-A at porsmons 53 and 62 (in the mamre sequence) are replaced

“~ by Leu and Val in SP-1-B and SP-1-C’




DISGUSSION

Ocean pout AFP can be isolated and separated successfully using Sephadet

G-75 gelfiltration chromatography, QAE-Sephadex, S

-Sephadex ion-exchange
chromatography and reverse phase HPLC. The main AFP~Tompunents used in
the present study, SP-1-A, SP-1-B and SP-1-C, ‘were isolated with a high lével of

homogeneity by the above procedures,
;

Ocean pout AFP comprise a family- of at least twelve active components of
% . '
nearlyidentical size (abuut 6,000 dallons) and similnr amino acid mmpnsiliom

which fall joto. Lwo separate groups, named QAE and 'SP, based on tlmr-

haviour on i hang: graphy und amino acid compoulmm

Clone No.i7 whose amifo  acid sequvm“b‘rmtch(-s the amino neid

compositions of the Lrypuc pepudes of both SP-1- B and SP-1-C' is assumed here
to cade for the biosynthetic precursors of SP-1-B and SP-1-C. The sequrnct of

clone No.77 has been compared with that of clone No.69 which was sequcnrvd in

Dr. P. L. Davies‘ laboratory in, Queen’s University. It is lound that these two

differ only at l,wo.posmons (stle 9),Cand T in clone Not7 :ubsulule Aand €

in clone No. 69, whlch leldﬁ to substitutions of a Leu and a \/aJ in.clone No.77 W

nn_lle and an Ala in clone No.89. ~Coincidently, the sequence of clone No.69

. m@lci:es that of SP-1-A (Table 9), anq it is assumed here that clone No.69 codes

for the biosynthetic precursor of SP-1-A. The above suggeslilhm.in ocean pout,
at least some ofvlhe antifreeze pvl&]nplides are coded by different antifreeze

genes. We can probably say safely that the multiple Tamily of the ocean puut

AFP is l(;oded by a multiple Tamily of AFP genes. From the evolution point-of-,
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Table 9. Sequence Comparison of Clone No.77 and No.89

TTGGCTGCAGGGGGGGG_G‘«GGGGGGGGTTC

Pst I

CTCTCGATAATTA

STOP

LGTCTCAGCCACA

"GGTTTGCTCTTC

ATTAATTAATTATTAATT

STOP

GCCATGAAGTCCGTTATT

HltLylSar

GTCCTCCTTTGT

AAT

GAT

TAA

G’lthu‘LluPho

ACAGGCAGCCAG

ThrAlaSerGlno

CCCATAAATACT

ValLeuLeuCysValAsp

TCCGTGGTGGCCACCCAG

ServValValAla

SN
GCCCTGACTCCG

ProIdeAsnaThr

. o
GGGAAGGTGACC

Alv;.LauThrPro

AACCCAATAGGC

"GlyLysValThr

GAGATGTCCCAA

7
Glullct.slrﬂlq

Aln‘.PrnIl’ldly

ATAGTGGOGAAG

IleValGlylLys



Ils (SP-1-A)
- A (Clone No.89)
*

CCAGTOGCTAAGGGCCAAAC‘CCTCATGCCAAACAT\;G

ProValAlalysGlyGloThrLeuMetProAsniet

.
Ala (SP-1-A)
C (Clone No.69)
_ - . ]
GTGAAAACGTACGTCGCGGGAAAGTAGTTCTIGAGGG

Vley-‘i‘hr'Pyr‘VFnlAl\lGlyLylSTOP STOP -

2 ; = \
TGCCAAGGAGCTTCTTCCCAAAACCAAAAGAAGAANA |

T.GCCCCCTC;TCACAATTAACCTTGTTTTTG?-CACAA

ACCCAAGTCTGTCCGGATGfTAACTGAACATGTcAA

AAC'ETGTGGAGACTGG'TG AGATTTGATGGTCTGAAA

.

AOATAAAGCCT-ATAAATCCCCCCCCCCC.CCCCCCC-C

CGACGTCGGTTCGAA

Pst T
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view, the conclusion that the multiple gene family encoding the ocean pout AFP
!

components came from gene duplicat_'"ii/;\rents‘can be made. " In addition, the

ocean pout AFP genes corresponding to clone No.77 and No.69 must have come

from recent/alplicntion events.

From the amino acid analyses, Q‘AEA. SP-1-A, SP-1-B and SP-1-C contain

,‘ fourteen to ﬁl’teén amino acids, have a modest Ala content, and l{xcl_: any half-

" cystine residues. “Thus, this differs from flounder and scilpin AFP ;vhich have a

N p 5
high Ala content (about 80 mol\%) (24, 25, 21, 27); and, also, sea raven AFP

which have an extraordinarily high content of half-cystine {about 8 mol %) (20).

The amino acid sequences of the AFP from flounder, scéulpin and ocean pout
(clone No.77) have been compared (Table 10). As mentioned in the introduction,
the AFP from flounder and sculpin show remarkable simi‘larities in terms of their
primary and secondary structures, including the presence of the eleven amino acid
residue repeats in both fish. Ocean pout AFP, on the other_hand, fail to show
any :imihrit} to them. ;I‘his 'confirms the early report that besides the AFGP,
:ﬂéﬂnﬂtl AFP and sea raven AFP, the ocean pout AFP represent a fourth class of

antifreeze, having its own distinct featires{22).

Further structural studies carried out on SP-1-A, SP-1-B and SP-1-C have
shown thattheir primary structures “are very similar, as indicated by peptide

mapping and amino acid analyses of both tryptic and chymotrytic digests. But

- differences do exist. The assumed amino acid sequences of SP-1-A, SP-1-B and

SP-1:C which are based on results from both protein chemistry and molecular

biology show that differences exist at. at_least three positions.” C and T in clone

.
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Flanasr AFP )

. ; . .
A5 Thr Ala Zer Asp Als Al Ala Als Als Als Leu Toe Als Al dan Als Als Aly Als Als Lya Leu The Ala Asp dan Ala Als Ala A2 Al Ala Ma T Ala Arg
ey : w2 .

45 T Ala Ser Asp'Ala Ala Ala ALs Aln Ala Lew The ALs Ala Asx Als Als Als Als Ala Les Lew The Als Acs Asx Ala Als Ala AlaAls fla Ala Tor Ala ms

Bt
Ala Gin Lys A
Ma Ser Ala

. & )
Mey Asn Gly Glu e P a Ark Leu Ala Ala'Ala Ala Ala Led Ala Als Lys Thr Als Ala Asp Ala-Ma Ala Lvs &1

Ala fle Ala Aly Ala

53-8

3o -
Ala Ala Ala Al Ala Ala Ala

Ocean Pout AFP . A : "
Clone 77 - ,
v s 0o ¢ 0 . . w o .
Gln_Ser Val Val Ala Thr Gla Leu e Pro 116 Asn Thr- Ala Leu Thr Pro Ala et [Het Gln Gly Lys.Val Thr Asn®Pro Tle Giy fle Pro Phe Ala Glu Met Ser
w a 3 . 0
Gin T1e ¥al Gly Lys Gin Val Aan Thr Pro Val Ala Lys Glv Gln Thr Leu Met Pro[Asn Met ¥al Lys Thr Tvr ¥al Ala Glv Lvs”

! ¢ - ’ o
Davies el. al (24) - 3 ¥ %

Pickett el. al (26) . 3 2 E
DeVries et. al (80)

Hew el. al (28) ' ’ #
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~.No.77 replace A and C in clone No.69, which causes the replacements of a Leu

and a Val in SP-1-B and SP-1-C'to an lle and an Ala in SP-1-A. SP-1<C'has one

more Gly than SP-1-A and SI"-I-B~ at its C-terminal. So, SP-1-A and SP-I-B are
I s &

83 amino acid residues long, while SP-1-C is 64 residues long.

AFP isolsted from individual ocean pout caught in Newfoundland and New

Brunswick during winter months were analyzed on reverse phase HPLC foi.

comparison.. Both HPLC profiles are similar, if not identiul; indicating that there

‘is' no,signiﬁc-lnt populational polymorphism. . AFP from winter ﬂoun‘der

.inln‘biting different waters have been studied (45):the results in that study were

similar to those obtained from the ocean pout in the present investigation.

Ocean pout AFP from winter and simmer months have been analyzed on
reverse phase HPLC also. It appears that the AFP contents in both winter and

o
summer are very similar, even though the relative amounts of ore or two

components are higher jn summer than in winter. However, there is no sigaificant

—
seasonal polymorphism.

Clone No77 which is assumed to code. for SP1-B and SP-1-C consists of

Lont =
two untranslated regiotis at both 3' and §' ends and a precursor region coding for

a 22 amino acid residue ‘presequenc'é and a 65 residue’mature protein, The
H 4 . a
‘presequence, or “signal peptide® as it is normilly called, is rich in Leu and Ile,

+Similarly-in winter ﬂounder, AFP are also synthesized via large precursnrs (24,

25). However, the bmyn!hcm precursor of ocean pout AFP, unhke that of

e

founder AF| P, has na prose : ication with Dr. Hew).

-
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Post translational modifications may be involved in the synthesis of the

ocean pout AFP. This is shown by ti|e fact that $P-1-A, SP-1-B and SP-1-C lnck

Lys at their C-terminal ends despite the fact that the cDNA (both clones No.77
and No69) show Lys at their C-terminal ends. A similar situstion has been
_ reported in floundér AFE (24, 25) in which The Gly at C-terminal has been

i

. remoyed by a post translational modification. 5 o

The ‘documentation of a new tyge of AFP_from ocean pout has added
. -

to the mechanism of action of the antifreezes. - Apart-from

their ability to exhibit thermial hysteresis, there is no evidence to suggest that the

lAFGP and AFP opeia{e via a common mechanism. The diflerence in their

carbohydrate content, in their primary and secondary structures, ag well as in the

- presence of disulphide bonds, have made it difkir:lll to prop;se such a common

mechaﬁism. A’ well known example of different proteins performing similar

via separate hani: is that of the pro!eases It has been
well establlshed that sernib proteases nnd subtilisin runctwn via  different

mechanisms and have different genetic origins, that is, they evolved by convergen{

evolution, even though they all hydrolyze pepude bonds. Purely rrom the view of

" amino acid sequence homology or difference, and types of secondnry slru:mres it
seems that AFGP. ﬂounden (or shorthorn sculpin) AFP, sea raven 'AFP, and
_'ocesn pout—AFP may come b}; convergent evolution and. ruu;tim' via sepa[’ate
mechni\sms, However, the above specﬂlation is tentative. 'The l!me dimensionnl
structurds-5t these antifreezes would'se‘beder indicators for their gengtic origins

,and functional mechanisms, because proteins function via their conformations. It

would be q‘uite probable for these antifreezes to have different' three dimensional’
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struétures, because the types of secondary structures they possess have been

. shown to be quite different (see introduction for details).

%5 .
Much information has been obtained on ocean pout AFP in the present

However, questions still remain to be answered.

The presenz Pnd earher investigations have shown that there are at, least
: twelve active components in the ocean pouz AFP whwh fall into two distinct
groups, named QAE and SP." Only three components, SP-1-A, SP-1-B and SP-1-

g C, have been studied in some detail.” The aminb acid sequence of the N-terminal

3 % T
part of SP-1-A, the overall amino acid sequences- of SP-1-B, SP-1-C and of the" .

remniﬁing components, és;{eciully those of the QAE group which is different, from
i % A

the SP group, are still to be confirmed ol e idated. Hopefully, the study of

their primary s(ructu‘rgs will lead. to some new thoughts on the mechanism of the

" g -
antifreeze action.

Al further “step to us

d the fu " 1 hanism of the ocean pout

‘ AFP can be made by’ chemlcnl modmcsuon ‘studies. By chemncnlly modifying
some of the groups in the ocean pout-AFP and looking at their erl'ects on the »
llntifreeze.ﬁctivity, it may be possible to locate the crucial émino acid residues for
the AFP activity in the AFP molecules, and thel:efore. establish ‘the functional

mechanism. This may be a prospective project.

The elucidation of the.three di i ‘sirucgures of the ocean’pout AFP

will be very helpful to our’ ading of their functi nal hani: Also,

¥ 3 it will provide evidence to support or disputé ihe sﬁggestiz;n that AFGP; rlSund[g
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AFP, sea raven AFP, and ocean pout AFP ha\c different geneuc ongmc and

functional mechanismis—

Another interesting question is how the ocean pout AFP level is controlled ~
and regulated. It is known that the ocean po“ut AFP level shows annual cycling,

but this seasonal control of AFP biosynthesis ig‘ not tight. This is indicéted by the:

fnct that in compnnson‘to flounder, there is n\cnnsldenhly larger nmonnt of .»\.FP

in ocean pout ;1;; even i summier (22). It th been reported that in the case of

the wlnler‘ ﬂn\mder; the pituitary gland, .ph \ d and water ture play .
1 ke

major roles in tie regulation of the AFP biosynthesis (31, 32, 33). Obviously, .

thess three fyctors do not contribute as much in the control of the ocean pout
AFP biosynthesis. In the long run, it will be wgtj:whilt :o find out the genomic *
organization and structure of the ocean pout AFP DNA; that is, the structure of,
exons a‘nd introns, the num‘ber of gene copies and the: nrrangemenl of the multiple”
AFP gene family, nnd ldenmy the regulatory gene seqn!nces nnd the molecular

‘basis [or the seasonal expression Cof the AFP genes.
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