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【問題用紙 1/5】

次の 1 ， 2 のどちらか一方のみを選択して解答せよ。解答に際しては，どちらの問題を選択したのかわかるように，

最初に選択した番号を記入すること。

1　次の英文を読み，下の問 1 〜 5 に答えよ。

	 We wish to suggest a structure for the salt of deoxyribose nucleic acid (D.N.A.).  This structure has novel features 

which are of considerable biological interest.

	 ①A structure for nucleic acid has already been proposed by Pauling and Corey.  They kindly made their manuscript 

available to us in advance of publication.  Their model consists of three intertwined chains, with the phosphates near the 

fiber axis, and the bases on the outside.  In our opinion, this structure is unsatisfactory for two reasons: (1) We believe 

that the material which gives the X-ray diagrams is the salt, not the free acid. Without the acidic hydrogen atoms it is not 

clear what forces would hold the structure together, especially as the negatively charged phosphates near the axis will 

repel each other.  (2) Some of the van der Waals distances appear to be too small.  

	 Another three-chain structure has also been suggested by Fraser. In his model the phosphates are on the outside 

and the bases on the inside, linked together by hydrogen bonds.  This structure as described is rather ill-defined, and for 

this reason we shall not comment on it.  

	 ② We wish to put forward a radically different structure for the salt of deoxyribose nucleic acid.  This structure 

has two helical chains each coiled round the same axis.  We have made the usual chemical assumptions, namely, that 

each chain consists of phosphate diester groups joining β-D-deoxy-ribofuranose residues with 3', 5' linkages.  The two 

chains (but not their bases) are related by a dyad perpendicular to the fiber axis.  Both chains follow righthanded helixes, 

but owing to the dyad the sequences of the atoms in the two chains run in opposite directions.  Each chain loosely 

resembles Furberg's model No.1; that is, the bases are on the inside of the helix and the phosphates on the outside.  The 

configuration of the sugar and the atoms near it is close to Furberg's "standard configuration", the sugar being roughly 

perpendicular to the attached base.  There is a residue on each chain every 3.4 Å in the z-direction.  We have assumed an 

angle of 36° between adjacent residues in the same chain, so that the structure repeats after 10 residues on each chain, 

that is, after 34 Å.  The distance of a phosphorus atom from the fiber axis is 10 Å.  As the phosphates are on the outside, 

cations have easy access to them. 

	 ③ The novel feature of the structure is the manner in which the two chains are held together by the purine and 

pyrimidine bases.  The planes of the bases are perpendicular to the fiber axis.  They are joined together in pairs, a single 

base from one chain being hydrogen-bonded to a single base from the other chain, so that the two lie side by side with 
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identical z-coordinates.  One of the pair must be a purine and the other a pyrimidine for bonding to occur.  The hydrogen 

bonds are made as follows: purine position 1 to pyrimidine position 1; purine position 6 to pyrimidine position 6.

	 If it is assumed that the bases only occur in the structure in the most plausible tautomeric forms (that is, with the 

keto rather than the enol configurations) it is found that only specific pairs of bases can bond together.  These pairs are: 

adenine (purine) with thymine (pyrimidine), and guanine (purine) with cytosine (pyrimidine).

	 In other words, if an adenine forms one member of a pair, on either chain, then on these assumptions the other 

member must be thymine; similarly for guanine and cytosine.  The sequence of bases on a single chain does not appear 

to be restricted in any way.  However, if only specific pairs of bases can be formed, it follows that if the sequence of bases 

on ono chain is given, then the sequence on the other chain is automatically determined.

	 It has been found ④ experimentally that the ratio of the amounts of adenine to thymine, and the ratio of guanine to 

cytosine, are always very close to unity for deoxyribose nucleic acid.  

	 It is probably impossible to build this structure with a ribose sugar in place of the deoxyribose, as the extra 

oxygen atom would make too close a van der Waals contact.

	 The previously published X-ray data on deoxyribose nucleic acid are insufficient for a rigorous test of our 

structure. So far as we can tell, it is roughly compatible with the experimental data, but it must be regarded as unproved 

until it has been checked against more exact results.  We were not aware of the details of the results presented 

there when we devised our structure, which rests mainly though not entirely on published experimental data and 

stereochemical arguments.

	 ⑤ It has not escaped our notice that the specific pairing we have postulated immediately suggests a possible 

copying mechanism for the genetic material.

出典：�Watson, J.D., Crick, F.H.C. Molecular Structure of Nucleic Acids: A Structure for Deoxyribose Nucleic Acid. Nature 

171, 737 (1953).

問 1　�下線部①にある，Pauling と Corey が提唱した DNA 構造はどのようなモデルか。また，Pauling と Corey が提唱し

たモデルに関して，Watson と Crick は不十分であると考えている理由を説明しなさい。

問 2　�下線部②にある，Watson と Crick が提唱した DNA 構造のモデルについて，本文の内容から説明しなさい。
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問 3　�下線部③：The novel feature of the structure とは，具体的にはどのようなことであるか。

問 4　�下線部④：experimentally の名詞と形容詞をそれぞれ書きなさい。

問 5　�下線部⑤の文中にある，a possible copying mechanism for the genetic material とは，どのようなメカニズムであ

ると考えられるか。
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2　次の問 1，2 に答えよ。

問 1　次の英文を和訳しなさい。

 The 2022 Nobel Prize in chemistry was awarded to scientists Carolyn R. Bertozzi, Morten Meldal and K. Barry 

Sharpless for their development of click chemistry*1 and bioorthogonal chemistry.*2

 Click chemistry, as the name suggests, is a way of building molecules like snapping Lego blocks together. It takes 

two molecules to click, so researchers refer to each one as click partners.

 K. B. Sharpless and M. Meldal independently discovered that azide, a high-energy molecule with three nitrogens 

bonded together, and alkyne, a relatively inert and naturally rare molecule with two carbons triple-bonded together, are 

great click partners in the presence of a copper catalyst. However, the copper catalyst is itself toxic to living systems.

 

 C. Bertozzi devised a workaround for this issue by removing the copper catalyst from the reaction. She did this by 

placing the alkyne into a ring structure, which drives the reaction forward using the ring strain produced from molecules 

forced into a cyclical shape.

 

出典： H. Zhang, "Nobel Prize: How click chemistry and bioorthogonal chemistry are transforming the pharmaceutical and 

material industries", The conversation (web site), October 7, 2022.

より一部改変・抜粋（図は新たに作成）

注）

*1 click chemistry　クリックケミストリー *2 bioorthogonal chemistry　生体直交化学
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問 2　�実験手順を示した次の文（1）〜（2）を，下に示した英単語の【語群】を参考にして英文にしなさい。

（1）	 0 ℃で、化合物 A のメタノール溶液に炭酸カリウムを加え、2 時間攪拌した。

（2）	 反応液にリン酸緩衝液を加えた後、生成物をジエチルエーテルで抽出した。

【語群】

名詞：

compound; product; organic layer; water layer; reaction vessel; substrate; solution

名称：

methanol; ethanol; ethyl acetate; acetone; diethyl ether; brine; chloroform; sodium hydrogen carbonate; hydrogen 

sulfate; hydrogen chloride; sodium chloride; sodium carbonate; sodium sulfate; potassium hydroxide; potassium 

manganate; potassium carbonate; potassium chloride; phosphate buffer; Tris-HCl buffer

動詞：

stir; extract; evaporate; volatile; shake; return; continue; wash; add; dry
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